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ABSTRACT: The structure of household consumption is examined in nine compo-
nent categories using data from six Household Budget Surveys, in 1966-1990. The study
discusses and presents econometric methods (EQML) to estimate demand models at the
micro (household) level. Methods solve for an ’errors-in-variables’ problem in a novel
way and allow for heteroskedasticity in the errors. Budget share equations which are
based on a flexible functional form (QAIDS) are used to analyse the age profiles and
Engel curves in consumption. Similarly, the life-cycle profiles and cohort paths in con-
sumption and the effects of household composition are examined. The results show a
useful decomposition of the above demographic effects and the effects due to change in
prices and improved living standards on the evolution of consumption. In the final part
of the study estimates for the price and expenditure elasticities of demand are presented
both including and not including the acquisition of durable goods.
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TIIVISTELMA: Kotitalouksien kulutusrakennetta tutkitaan kiyttien kuuden Koti-
taloustiedustelun yhdistettys aineistoa vuosilta 1966-1990. Kulutus on luokiteltu yhdek-
sadin padryhméan. Tydssd tarkastellaan ja esitellddn ekonometrisis menetelmis (EQML),
joita sovelletaan kotitaloustasolla tismennettyjen kysyntdmallien estimoinnissa. Mene-
telmat esittavat tuoreen ratkaisun selittdvien muuttujien mittavirheongelmaan ja otta-
vat samalla huomioon mallin virhetermin mahdollisen heteroskedastisuuden. Budjet-
tiosuusyht&ldits, jotka nojautuvat joustavaan funktioesitykseen, kiytetddn kulutuksen
Engelin kiyrien ja ikdprofiilien analysoinnissa. Lisdksi esitetddn tuloksia kulutusraken-
teen elinkaari- ja kohorttiurista sekd kotitalouden koostumuksen vaikutuksesta. Tulok-
silla pystytddn erottelemaan miten yhtiiltd demografisten tekijéiden ja toisaalta hin-
tojen muutos ja elintason nousu ovat vaikuttaneet kehitykseen. Tyon lopussa esitetain
kysynnin hinta- ja menojoustojen estimaatteja, jotka on laskettu sekd ottaen mukaan
kestokulutushyddykkeiden hankinnat ettd ilman niita.

ASTASANAT: Mikroekonometria, heteroskedastisuus, mittavirheongelma, kotitalous,
kulutusrakenne, Engelin kdyrit, ikdprofiilit, elinkaari, kysynnin joustot.




FOREWORD

Analysis of household budgets has been a major occupation in empirical economics.
An appealing feature of econometric research into consumer demand is the close and
intimate relationship between theoretical specification and appropriate estimation tech-
nique. This is most apparent when analysis takes place at the individual or micro level.
Modern purposes of the analysis take a direct welfare analytic approach by adopting
a flexible representation of preferences. The advantages are that untenable restrictions
on behaviour are avoided, the elasticities are measured not assumed, and the economic
effects of tax reforms can be evaluated using a consistent welfare theoretic framework.

In the study modern econometric methods and allocation models of household demand
have been used to examine the evolution in the structure of consumption in 1966-1990.
The examination has been based on the age profiles and Engel curves in consumption.
The study presents useful and interesting material on the life-cycle profiles and cohort
paths in consumption. In addition, the authors examine the effects of household compo-
sition on consumption and provide estimates for the elasticities of demand both including
the acquisition of durables and without them. The model of non-durable consumption
provides a steady platform to consolidate and probe on to give the research a welfare-
theoretic orientation and finally aim at tax-reform analysis.

Analysis of tax-reforms at the individual level has been one of the priorities in Govern-
ment Institute for Economic Research. This study by Ilpo Suoniemi and Risto Sullstrém
is a part of a long-run project to construct empirical models to analyse the economic
effects of indirect taxation and public provision of welfare services. It is team work
which builds on the earlier studies by Risto Sullstrém in the University of Helsinki. The
Government Institute for Economic Research has recently integrated the separate lines
of Finnish research under its auspices to facilite more rapid progress in this crucially
important research area which has been slacking in Finland after a very promising start
in the early sixties.

On behalf of Government Institute for Economic Research I want thank the researchers,
especially Risto Sullstrém who has been able participate in the study as an associate
member of our team. The efforts in preparing the equalized collection of household
surveys by the people in Statistics of Finland are gratefully acknowledged.

Helsinki, 31st May 1995

Seppo Leppinen



ESIPUHE

Empiirisen taloustieteen eriis piisuunta on kotitalouksien kulutusrakenteen ja siihen
vaikuttavien tekijoiden tutkimus. Ekonometrisessa kysyntdtutkimuksessa teoriamallien
tasmillinen muoto ja estimointitekniikat pysyt&in usein yhdistdmé&an tiiviiksi kokonai-
suudeksi. Né&in on erityisesti, jos tarkastelu tapahtuu yksildtasolla. Moderniin hyvin-
vointiteoriaan nojaavien tutkimusten uutena sovellusalueena on verouudistusten talou-
dellisten vaikutusten arviointi. Jos tutkimukset perustuvat joustavien funktioesitysten
kaytton, niilld laskelmilla on lisiarvona se, ettd niiden kulmakivina olevat joustoarviot
ja analyysin paitelmit masriytyvit aineiston, ei mallin oletusten perusteella.

Tissa tutkimuksessa kiytetasin uusimpia ekonometrisia vilineitd ja kysyntimalleja koti-
talouksien kulutusrakenteen kehityksen selvittimiseksi ajanjaksolla 1966-1990. Tarkas-
telu perustuu kotitalouksien Engelin kiyrien ja kulutuksen ikiprofiilien kdytto6n. Tut-
kimuksessa esitelladn kulutuksen elinkaari- ja kohorttiuria. Nami antavat hyddyllistd
tietoa siitd, miten kulutusrakenne on muovautunut yhtaslta taloudellisten tekijéiden,
hinnat ja elintason nousu, ja toisaalta demografisten ja elinkaaritekijéiden vaikutuk-
sesta. Lisdksi tutkitaan kotitalouden koostumuksen merkitystd kulutusrakenteeseen ja
raportoidaan kysynnin hinta- ja menojoustoja. Joustolaskelmat esitetdin sekd siséllyt-
tamalla kestavien kulutustavaroiden hankinnat kulutukseen ettd ilman niitd. Kaytetyt
mallit tarjoavat vankan pohjan jatkaa hyvinvointitarkasteluja tihtsimens verotuksen ta-
loudellisten vaikutusten arviointi.

Verotuksen ja veroutidistusten yksildtason vaikutusten arviointi on erdis Valtion talou-
dellisen tutkimuskeskuksen kulmakivid. Ilpo Suoniemen ja Risto Sullstromin tutkimus
on osa laajaa hanketta laatia empiirisia laskentamalleja valillisen verotuksen ja yhteis-
kunnallisen palvelutuotannon arviointiin. Témé on yhteistydts, joka pohjaa Risto Sull-
stromin aiempiin Helsingin yliopistossa tekemiin tutkimuksiin. Valtion taloudellinen
tutkimuskeskus on ottanut siipiensi suojaan aiemmin erilliin versoneet tutkimusaiheet
saadakseen yhdistelemillsd aikaan ripeampis kehitysta talld tarkedlls tutkimussaralla.
Onhan yksilsaineistoihin perustuva tutkimus ollut Suomessa laiminlybtys kuusikymme-
nenluvun lupaavan alun jilkeen.

Valtion taloudellisen tutkimuskeskuksen puolesta kiitdn tekijoitd, erityisesti Risto Sull-
strémii, joka on osallistunut tydhén henkilsstémme litinndisjisenend. Samoin kiitén

Tilastokeskuksen henkildstdi niists ponnistuksista, joita on vaadittu yhdenmukaistettu-
jen kotitaloustiedustelujen valmistamiseksi.

Helsinki, 31 toukokuuta 1995

Seppo Leppénen
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Chapter 1

Introduction

Analysis of household budgets has been a major occupation in empirical economics. This
work has its origins in the famous studies of Engel [1857] who found out the celebrated
law that the share of total expenditure spent on food seems to decrease as the income
available to total consumption is increased. The estimation and analysis of these Engel
curves was taken up by Allen and Bowley [1935]. On the other hand, demand analy-
sis represents an area where important advances have been made in the econometric
methodology. Indeed an appealing feature of economic research into consumer demand
is the close and intimate relationship between theoretical specification and appropriate
estimation technique. This is most apparent when empirical analysis takes place at the
individual or micro level.

Household budget data has been collected at regular intervals for the purposes of
finding suitable weights for the component categories of consumption in forming the
consumer price index. Other original research interests, see Engel [1895] that occupy
with the measurement of consumer demand include finding out the additional cost of a
child, or more generally an ’equivalence scale measure.” These are used to correct for dif-
ferences in household size and composition when welfare of different households is being
compared. A similar yardstick is often needed to adjust poverty lines or welfare cash
transfers for differences in the needs of households having varying size and composition.
More modern purposes of the analysis take a direct welfare analytic approach to examine
the economic effects of tax reforms that imply changes both in the indirect and direct
(labour) taxation and subsidies given to households, see Baker et. al. [1990].

There has been two major strands in the empirical demand analysis. The first
adopts a purely empirical approach. This is governed mainly by empirical convenience
and goodness of statistical fit where usually ad hoc functional forms are used to analyze
the demand for individual commodities. This approach was adopted by Prais and Hout-
hakker [1955] in their famous study of consumption patterns in the United States. The

In this study we do not cover the by now enormous literature on consumer demand which utilizes
time series data except for those individual studies that made important methodological contributions
which bear on our work. For a more complete review see Deaton and Muellbauer [1980b] and the
excellent reviews by Deaton [1986] and Blundell [1988].



main interest of these studies has been to isolate the effects of individual price increases
on consumption often culminating in reporting the price and income elasticity measures.
A positive feature of this approach is that it is relative simple to estimate Engel curves
that connect expenditure share of a commodity, or a component category of commodi-
ties to total expenditure by the method of ordinary least-squares. Additional functional
forms for Engel curves to be used in these studies have been presented by Térngvist
[1941], Working [1943], and Leser [1963]. Other covariates that account for differences
in, for example family size and composition and the age of household head can be added
on a similar, ad hoc basis.

To take up negative aspects, the estimators obtained by the first method do not neces-
sarily possess the desired regularity properties of demand. These include adding-up (to
total expenditure) of demand, homogeneity of demand, and negativity of the own price
substitution effects and symmetry of cross-price effects. These are the regularity proper-
ties that characterize the allocation system of equations that is obtained by maximizing
a well-behaved utility function.

The second approach starts from a well-specified utility function as the studies pio-
neered by Klein and Rubin [1947] and Stone [1954a], [1954b], which use the linear expen-
diture system (LES) a tradition brought to peak by the work by Lluch et.al. [1977] where
extensive use is made of budget data. One may also use an alternative characterisation
of preferences. This can be done by using an indirect utility function, the quadratic
extension of the LES by Pollak and Wales [1978] who estimated a demand system using
budget data from two time periods, and the Indirect Translog System, Christensen et.al.
[1975]. Equivalently, one may start with an expenditure function, the Almost Ideal De-
mand System by Deaton and Muellbauer [1980a], or some other aggregator function,
such as the distance or profit functions to arrive at a complete specification of an al-
location model of total consumption explaining how expenditure is distributed among
its component categories.

Modern approaches to the econometric analysis of the consumption structure of house-
holds adopt a flexible representation of preferences, see Christensen et.al. [1975] using a
second order approximation to an underlying aggregator function. The motivation and
properties relating to the use of this method are extensively discussed by Diewert [1974].
The empirical advantage of using flexible representation for functional form is that un-
tenable restrictions on behaviour are avoided. In effect the elasticities are measured not
assumed. This is in stark contrast to using rigid forms like the LES or CES which are
internally consistent but less fortunate in the particular assumptions entertained. In
these cases welfare improving directions for tax changes are governed almost entirely by
the properties of the theory model and not necessarily those in the data.

The gains associated with flexible functional forms are achieved at the cost of the
increased computational burden of more complex and less parsimonious models. Furt-
hermore, since the models are based on local approximations they are completely giving
up global regularity in functional form. The regularity requirements consist of the mon-
otonicity and curvature conditions in rational neoclassical economic behaviour.

If there is little variation in relative prices as is usually the case in having a single



cross-section to operate on, the previous two methods produce results that can judged
on similar merits. In this study the last approach is used. We use a functional form for
the expenditure function which is flexible in the sense that it can be seen as to present a
second order approximation in relative prices for the expenditure function. Specifically,
the functional form is derived as a quadratic extension of the Almost Ideal Demand Sys-
tem (AIDS) originally introduced by Deaton and Muellbauer {1980a], where consumption
structure is represented by giving a system of equations in budget share form. These
equations are obtained by derivating the logarithm of the expenditure function w.r.t. the
price variables that are expressed in the logarithmic form. The corresponding Engel cur-
ves are quadratic extensions of the functions presented by Working [1943]. This means
that the Engel curve which relates the expenditure share of a component category of
consumption to total consumer outlay has additional flexibility in the form of allowing a
second order term in real expenditure. The extra term allows for a commodity which is a
luxury at low levels of total expenditure to turn into a necessity at higher levels of total
expenditure to reflect increased scope for substitution as the spectrum of consumption
possibilities available to the consumer is widened.

The derived system of demand functions (QAIDS) is based on a functional relationship
for the expenditure function. If the monotonicity and curvature conditions of neoclassical
economic behaviour hold at the estimates the functional form allows for a theoretically
consistent way of evaluating tax-reforms by direct calculation of welfare-based efficiency
measures, for example the equivalent variation, see King [1983], Baker et.al. [1990}, and
Suoniemi [1994]. In addition the QAIDS allows for exact aggregation over consumners, in
the sense defined by Lau [1982]. This result is due to Gorman [1981] who characterized
the functional forms for the Engel curves which are allowed by the theory to satisfy the
conditions of Lau.

Furthermore, we introduce additional explanatory variables that allow for the budget
share equations to depend on other predetermined explanatory factors, i.e. we use a
wider variety of conditioning factors other than just price and total expenditure. These
covariates take account of the demographic characteristics, such as the age and gender of
household head, geographic location of households, the household size, and factors related
to household composition, the number of children and old-aged persons. In the present
study we proceed a step further allowing the slope coeflicients of the logarithmic total
real expenditure variable to depend on a set of household characteristics, see Blundell,
et.al. [1993]. We discuss some characterizations and interpretations that are possible
for our model in more detail below. The above modifications are standard in empirical
work and the former may be seen as a necessity in the case of analyzing micro data, see
Deaton [1986]. Because we have so many complicating covariates it is clear that elasticity
calculations and examination of results should be done in a multivariate framework.

The data that are used in the study are drawn from six cross-section surveys made
in Finland in the years 1966, 1971, 1976, 1981, 1985, 1990, having 33 240 individual
observations in all. The data have been manipulated by Statistics Finland to provide an
’equalized’ collection of cross sections with variables which have comparable definitions
and content. We kindly thank them for their efforts with the data. In this study



expenditures are grouped into nine broad categories. To give a complete picture how
the structure of consumption evolved during the time period 1966-1990 we have included
purchases of durables and housing costs within the consumption categories that we study.
We have augmented this data set by price variables that have been calculated using
Consumer Price Index data. The price variables are formed on the basis of the time
period when the individual observation is collected. Previous studies that have used
comparable data in Finland are Riiheld and Sullstrém [1993], and Sullstrém [1995].2

In the 24 year time period covered by our data labour moved from rural to urban
areas, and the after-war baby boom generation have grown from youth to middle-aged
with a simultaneous reduction in the average family size. These major influences as well
as the impact on the individual living standards brought along massive changes in the
Finnish society. While the focus in analysing the change has often been on the supply
side and the key areas of economic activity as the labour and financial markets, and
on aggregate demand many shifts have occurred in the composition of demand. These
changes took place as incomes increased, relative prices changed and the age structure
and family composition was reformed, and new goods and services were introduced.

The main substantive mission is to give an analytical study of the evolution of the age
and income profiles in consumption over the sample period. These effects are examined
by estimating and reporting the results on a series of models with increasing degrees of
parsimonity in order to find out which effects conveniently summarize the data without
setting unreasonable restrictions on the fit.

For these purposes we add two supplementary variables to the model. The first
one is needed mainly to test our model for an early and interesting "relative income
hypothesis” in consumption behaviour which was originally put forth by Duesenberry
[1949], related ideas have been propagated also by Veblen [1899]. Loosely speaking
the hypothesis suggests that consumer’s consumption habits should reflect his (or her)
social reference group. Relative deprivation theory which is a common theme in the
psychological and sociological literature but has not made much impact into the economic
literature suggests that when an individual’s income fall below the comparison level, he
feels relatively deprived. Alternative interpretations to the above phenomenon might
involve the concept of positional goods, i.e. goods whose consumption is dependent on
the consumer’s position in the income distribution rather than on his actual income level.

To examine these ideas we introduce a positional variable into our model. The variable
is the signed distance of the household from the median consumer. The median is
estimated using the population mean of logarithmic total expenditure which is adjusted
for the size of household. The variables are based on fitted values by instruments, and
the mean is calculated separately for each survey. Hardle and Jerison [1988] have found
that Engel curves are more stable across cross-sections if they have been normalized with
mean income. This should give some additional credence to our choice of the auxiliary
variable.

Similarly, we introduce another auxiliary variable to capture some cohort effects in

20n Finnish studies on demand for individual commodities which have used micro data one could
mention Nyberg [1967], and Suoniemi [1990].



slowly changing consumer environment where new commodities are introduced and ha-
bits and preferences evolve. The variable that we use is the logarithm of the household
head’s age calculated in a given year, here 1981. This variable allows for a slowing cree-
ping effect in relation to the survey years. On the other hand, using only the calender
age at the time of the survey neglects the gradual overturn of population, and having in
the sample people that are observed to be at same age but have in fact been grown-up
and moulded in widely differing economic and social environments. The basic explana-
tory variables include the logarithmic calender age of household head and a quadratic
term in this variable. Since the natural range of the age variable is bounded then taken
together the latter variables allow for the effect of age to be flexible, either monotonously
decreasing or increasing, or to have the shape of either a well or a hump.

To give a complete picture how the structure of consumption evolved during the time
period 1966-1990 we have included purchases of durables and housing costs within the
nine consumption categories that we study. However, consumption of durable goods
tends to exhibit different patterns from consumption of nondurables and services. The
former often resemble capital goods, see Deaton and Muellbauer [1980b], Chapter 15.
Therefore their inclusion may be detrimental to obtaining ”theoretically” correct price
coefficients. In addition theoretical considerations imply that one should include the
service flow from durables into consumption and modify price variables to reflect that.
This by far exceeds the limits that our data constrain us to work within. For these
reasons we present some results on the price elasticities of demand for nondurables
leaving out the category, Beverages and Tobacco since here some addictive behaviour
may be present.

The econometric tools that we use in this paper introduce some relatively novel aspects
that may have added methodological interest. Allocation models are customarily esti-
mated using Zellner’s [1962] Seemingly Unrelated Regressions (SURE) medel. Implicitly
one introduces random disturbance terms to the individual equations. If the system of
equations is estimated, say by SURE-method all the equations contain the same set of
explanatory variables and the linear system which is obtained by dropping one equa-
tion 1s just identified. Therefore the results are identical with an equation by equation
treatment by OLS (or 2SLS if instruments are used for the endogenous right-hand side
variables). Homogeneity restrictions can now be tested by OLS in an equation by equa-
tion manner. In contrast, the symmetry restrictions involve restrictions across equations
and resort to a proper application of SURE is needed (or 3SLS, Zellner and Theil [1962]).

The above method assumes that the covariance structure across individual equations
is homoskedastic. Particularly when using microdata homoskedasticity is a untenable as-
sumption resulting in inefficient estimators and distorted statistical inference procedures.
In fact, heteroskedasticity is unavoidable in efficient consumption share equation estima-
tion as shown for example through the consistent stochastic specification by Chavas and
Segerson [1987]. Random individually varying coefficients models produce covariance
structures that fall into the heteroskedastic framework.

In this study we develop an econometric model and an estimation method which
accommodates parametric heteroskedasticity in a single equation Estimated Quasi Maxi-



mum Likelihood (EQML). Similarly we account for some specific features in the sampling
framework used in collecting the actual data. The motivation for this is the finding by
Low (1983) that similarly accommodated generalized least squares may outperform the
Zellner’s estimator even though single equation estimator ignores the correlation across
share equations. Naturally the relative performance of the alternative models depends
on the severity of the covariance vis-a-vis the heteroskedasticity. Under some specific
assumptions we are able to evaluate efficiency gain of the parametric heteroskedastic
model relative to a homoskedastic single equation model. Furthermore, the econometric
structure of our model incorporates the use of preliminary fits by instruments for some
of the right hand side variables in a novel way.

The statistical-econometric sampling model of the data has been endowed with the
following features. First, one accounts for data imperfections encountered in collecting
the consumption data. An important problem concerns the error-free measurement
of the various subcomponents of consumption. In particular, the total consumption
expenditure should correspond to the theoretical concept which is exogenous to the
allocation decision rather than to the error prone actual expenditure measure which
reflects the relatively short bookkeeping periods used in collecting the actual data. This is
a point argued already by Summers [1959]. Deaton [1986] argued that this is particularly
important in cross section work where occasional large purchases affect "both sides of
the Engel curve.”

We treat nominal total expenditure similarly as in an ’errors-in-variables’ problem
and utilize a two-stage estimation procedure where a preliminary fit is used to project
the error-prone variables on a linear subspace spanned by the instruments. In effect
total expenditure is replaced by its conditional expectation and the expectation should
be taken in relation to a set of exogenous variables that households use efficiently to
forecast the future values which in turn affect the consumption decision in a dynamic
life-cycle framework, see Bierens and Pott-Buter [1989]. These variables should account
for wealth, not neglecting human wealth variables, and conditions in the financial and
labour markets.

Our approach has some similarities with Blundell et. al. [1993] who use instrumental
variables to estimate a system of demand equations. The above considerations, howe-
ver, lead us to use a richer set of instruments together with a nonlinear forms of the
variables and time varying parameters for the six surveys present in our data to obtain
the conditional expectation of total expenditure. Furthermore, all variables that are
functionally related to total real expenditure are replaced by the conditional expecta-
tions but do not have separate fits by the instruments, as conventionally done. Here
we use the properties of the conditional expectation and distributional assumptions to
solve the ’errors-in-variables’ problem. The modifications involve several aspects of the
model, such as treatment of nonlinear transformations in conditional expectations, and
forming preliminary fits of the budget shares in the Stone index used in defining the real
expenditure measure,

At the second stage of our two-stage estimation procedure we substitute the pre-
fitted, smoothed values of real expenditure for the actual values in our model. In fact



al]l variables that are functionally related to the total real expenditure are replaced by
conditional expectations. At the second stage we have to take into account that we are
substituting preliminary estimates of the theoretical counterparts for error-ridden endo-
genous explanatory variables rather than true no-error-ridden variables. Zellner [1970]
proposed a similar estimation method which utilizes information on the specification for
theoretical variables in structural estimation of the method. In our case this is done
by modifying the error terms in the model correspondingly and making the necessary
modifications in the variance of the augmented disturbance terms. Here we lean on stan-
dard instrumental variable assumptions. The ’quasi likelihood function’ that we obtain
is maximized to obtain estimators for the structural parameters of the model.

The estimated covariances of those parameters estimated at the initial stage are uti-
lized at the final stage to guarantee correct inferences in the final model. If this is not
done the covariances of parameter estimates are estimated biasedly. Our modifications
are made to prevent this from happening since our quasi likelihood function can be seen
as a correct approximation to the second order in the estimable parameters of the alloca-
tion model. We use also the functional relationship between our endogenous explanatory
variables to get compensating efficiency gains at the second stage of estimation.

Finally, we allow for heteroskedasticity in the model disturbance term. This is done in
a simple and economical but simultaneously in a relatively powerful way by connecting
the fit of the budget share equation and the corresponding variance of the error by a
functional relationship that is governed by a single estimable parameter per equation.
One may motivate the specific functional form in the study as arising from an approxi-
mation at the mean of a stochastic parameter model. Furthermore, we account for the
sampling structure and data collection methods which vary from survey to survey by
estimating an additional ‘'variance component parameter separately for each survey in
the data. The procedure has a natural counterpart in the well-known random effect
approach to modelling proper panel data.

Because the induced disturbances at the second stage of estimation have a relatively
complicated structure we chose to use an EQML method to estimate the parameters
separately for each equation. This has some complicating implications. For example,
one cannot directly impose parameter restrictions across equations as would be needed
in testing for symmetry in the price parameters as required by a model that is based on
utility maximizing behaviour on the part of the household. Furthermore, the adding-up
constraints of the model parameters are not necessarily valid at the estimates that we
obtain by using a statistical model for heteroskedasticity. However, we are able to use
instead a Waldian test for these restrictions using the unrestricted form of model as the
base line.> Similarly, one can form a linear function of the unrestricted estimators which
satisfies the above constraints. It can be shown that this estimator is the best unbiased
linear transformation of the unrestricted estimators in the sense that it has under the
null hypothesis the smallest asymptotic covariance matrix in the set of estimators that

3In models that are linear in the structural parameters and are estimated by SURE there are no
differences in estimators asymptotically if restrictions are imposed directly or formed using unrestricted
estimators.



are linear functions of the unrestricted estimators and satisfy the linear constraints.

We considered that recycling some of the material would be helpful for those readers
who do not plan to read through the whole study. Therefore, for example some the
material in Chapter 4 which is quite heavy reading and contains mainly technical material
is repeated in other chapters in hopefully more accesible form. We beg for patience by
those readers who will consider this both as unnecessary and irritating.

The study is organized as follows. In Chapter 2 we examine time series consumption
data in Finland and give a description of the evolution of demand using this source of
data. In the following chapter we give a brief summary of the surveys and household
budget data that are used in this study. Chapter 4 introduces econometric methodology
that we employ giving some properties of the specific estimation (EQML) and testing
procedures that are used. Chapter 5 gives some preliminary results on instrumenting of
the total expenditure variable and tests of heteroskedasticity and some assessment on
the efficiency gain produced by our method.

In Chapter 6 the evolution of Engel curves and the age profiles in consumption over
the sample period 1966-1990 are examined by estimating and reporting the results on a
series of models with varying degrees of parsimonity. This approach is selected in order
to find out which effects conveniently summarize the data without setting unreasonable
restrictions on the fit. Here we will find out that diagnostic methods have to be used
in a liberal and relaxed manner to avoid from producing by far too complicated models.
In comparing Engel curves and the age profiles in the consumption that are obtained by
using the different models we resort mainly to graphical methods.

To augment the examination we present in this chapter some material on the cohort
and life-cycle effects of consumption by supplementary figures that give the total, mar-
ginal effect of the age of the household head. We label these as life-cycle profiles in
consumption since in calculating them we make predictions of all the other variables on
the basis of the age variables that we allow to vary over the natural range of values. The
age profiles in consumption that are presented in Section 6.3 can be interpreted as repre-
senting ceteris paribus effects, since in calculating them we hold other variables affecting
the fit constant. In practice if we observe a typical household all through its life-cycle
we see changes in other variables too. Children are born into the family, they age and
finally leave to start their own independent life as consumers. The income available
to a household typically increase at first and finally may have a down-turn at old age.
Simultaneously, over time there is economic growth present which is reflected in higher
living standard and higher levels of consumption. One may with good reason argue that
showing ceteris paribus effects w.r.t. age in individual surveys is a good description over
only a limited range of values. Chapter 7 presents results on how household composition
and some selected additional covariates affect the structure of consumption.

In the final part we turn into examining the elasticities of demand. Here we use
models which are more constructive for the purpose of estimating the elasticities of de-
mand. In Chapter 8 we report expenditure and price elasticities for the nine categories
that include housing costs and purchases of durables to give a complete picture how
the structure of consumption evolved during the time period we cover 1966-1990. The



results are compared with the descriptive measures that we obtained for elasticities in
Chapter 2 using time series data. Recognizing that consumption of durable goods exhi-
bits different patterns from consumption of nondurables and services and their inclusion
may be detrimental to obtaining correct price coefficients we present in Chapter 9 elas-
ticities that have been obtained by not including durables and leaving out the somewhat
troublesome category, Beverages and Tobacco. The last chapter offers some conclusions.



Chapter 2

Looking at Consumption

Laurila’s [1982] extensive study on consumption in Finland, provides an excellent over-
view on the long-run tendencies in consumption structure, from the turn of the century
to the middle of the 1970’s. There one can find how the expenditure, the household con-
sumption, and the prices of the various commodity categories have evolved, and also a
well-formulated discussion about the factors that have influenced the matters in progress.
The construction of time series data in the study for years before 1948, when the syste-
matic data collection according to the System of National Accounts (SNA), was started,
is especially valuable. Starting with the year 1960 there has been made available in
Finland National Accounts time series based on the new SNA. We use the above sources
of data as a starting point for our analysis of household demand, and for comparison
with the our principal analysis conducted using data from budget surveys in 1966-1990.
The data obtained from Household Budget Surveys are described in Chapter 3.

We select nine component categories of consumption into consideration. These nine
categories are: (1) Food, (2) Beverages and Tobacco, (3) Clothing and Footwear, (4)
Housing and (related) Energy, (5) Household Appliances, (6) Health Care, (7) Transport
and Communication, (8) Education and Entertainment, and the residual category (9)
Other Goods (and services).!

Over the years 1900-1990 there have been great changes in the consumption pattern
and the characteristics of individual commodities, eg. in their quality, durability, and
purpose of use. In the time period the Finnish society has been reformed from a closed
agrarian society into an open, active one with many industries some of them new-born.
The average growth rates in the real GDP and real Private Consumption have been

!We use the same labels for the corresponding categories also below while we analyse and consider
micro data obtained from the Household Budget Surveys, although exact correspondence between the
time series and budget surveys is not present in our data. The differences are examined in detail in
connection with the description of the budget surveys, see Chapter 3. Furthermore, there is no possibility
to obtain a full correspondence between Laurila’s and National Accounts time series data since the level
in the categorisation of the component subcategories that we have available is rather limited. The
necessary rearrangements of the component subcategories within the larger categories of consumption
have been made concerning the time series data constructed by Laurila. Details are available upon
request.
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3.5 and 3.2 per cent per annum, respectively in the period 1900-1990. The historical
developments span the phase of declaring independence (1917) and the two World Wars
(in 1914-1918 and 1939-1945) with rebuilding phases after them. In 1918 there broke
out a bitter civil war in Finland which created sharp political front lines in the Finnish
society. On the other hand, during and after the Second World War a substantial part
of the population had to be relocated and rehabitated, since large areas of the country
were invaded and were subsequently lost.

To give an indication of the massive changes in household consumption consider the
category, Food. While the budget share of Food was 52.1 per cent in 1900, the corres-
ponding value was a low 15.9 percentages in 1990 at the aggregate level. In contrast,
in the category, Transport and Communication the value of the budget share increased
from 3.0 per cent in 1900 to 18.4 in 1990. In Table 2.1 one can observe that for the
basic commodities, such as Food, Clothing and Footwear, the budget shares have been
decreasing. On the other hand, durables and services, such as Transport and Commu-
nication, Health Care, Education and Entertainment, and Other Goods and Services
have increased their share in the household budget.

Table 2.1. Budget shares of time series data in selected years.

Component category 1900 1925 1938 1960 1990

1. Food 0.5208 0.4681 0.3515 0.3029 0.1594
2. Beverages and Tobacco 0.0712 0.0475 0.0648 0.0640 0.0702
3. Clothing and Footwear 0.1203 0.1332 0.1340 0.1074 0.0542
4. Housing and Energy 0.1287 0.1496 0.1666 0.1838 0.1816
5. Household Appliances 0.0529 0.0596 0.0706 0.0691 0.0692
6. Medical and Health Care 0.0075 0.0101 0.0161 0.0237 0.0411
7. Transport and Communication | 0.0342 0.0447 0.0793 0.1081 0.1841
8. Education and Entertainment | 0.0176 0.0319 0.0478 0.0540 0.1079
9. Other Goods 0.0467 0.0553 0.0693 0.0870 0.1323

Traditionally, price and income elasticities have been utilized to measure the effects
on commodity demand while there are changes in prices and income. We started by
fitting a simple log-linear function on the consumption data over the period 1900-1990,
considering each component category separately. The function that we use should be
considered as a filter on the data rather than any model for demand although it is based
on a traditional functional form that conveniently produces the elasticities directly as the
estimated parameters of the model. As the dependent variable we have the expenditures
(in fixed prices) in the particular category of consumption considered. We use two
explanatory variables, the relative price of the category in question and the real total
expenditure. The relative price is taken in relation to an aggregate price index which is



formed by all consumption categories. The relative prices of the other categories than
the one under examination are ignored here. For descriptive purposes there is really no
need to consider more complicated models.

The above functional form is then used to form a smoothing operator, a filter, on the
consumption data. The smoothing operator has estimable parameters which are conti-
nuously updated in the fitting process referring to a constant term and our price and
expenditure variables.? This is obtained by estimating the simple loglinear function by
the method of weighted least squares repeatedly with a moving window of observations.
The window is centred on the particular (pivot) observation we consider and the pivot
observation and the window are moving through the whole time range.® The weight
function is based on the density function of the normal distribution which is centred
on the pivot observation and the distance of the observations to be weighted is calcu-
lated using the time scale of the observations. The weights get determined so that the
observations close to the pivot are assigned more weight.* In the process of smoothing
the consumption data we obtain as a by-product yearly estimates for the ’price and
expenditure elasticities’.

The results for the category Food are given on Figure 2.1, and for the other categories
in Appendix 1 (Figure A1.1).® The smoothing implicit in the panels for the elasticities
is done by both including all the observations and also by omitting the war years in
1917-1919 and 1938-1945 (the dotted lines).® Figure 2.1 provides also a graphical desc-
ription of the evolution in the budget shares and relative prices (’1938’=1.000) in the
component categories of consumption. As opposed to the following chapters, the price
indices considered here are obtained as the implicit deflators which are formed by diving
each expenditure series, measured in current prices by the corresponding one, in fixed
prices.

2We consider that it is out-of-place here to make experiments by more complicated time series models,
such as the Kalman filter,

3The starting and end portions of the data are treated accordingly in the process with unsymmetric
windows which collapse to one-sided windows when the pivot observation lies at the end points.

“The fitting process is programmed using GAUSS, Aptech Systems, Inc., with program code and
details, eg. how the window lenght is set, available upon reguest.

®When the window lenght is widened or the number of observations effectively used in the individual
fits is increased, the oscillation in the estimates is somewhat dampened, and vice versa.

This is obtained by setting the corresponding weights for the observations to be omitted equal to
zero.



Figure 2.1. Budget share of Food in 1900-1990
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One can observe in Figure 2.1 that the curve showing the time evolution in ’expendi-
ture elasticity’ is a declining one in the category, Food. However, from 1930 to 1945 Food
seems to get more elastic w.r.t. total expenditure which could relate to the economic
hardships experienced during of the Great Depression in the 1930’s and the war years.
Since then the values of the expenditure elasticity of Food have been approaching zero.
Any declining trend for the price elasticities cannot be found. However, in the middle of
the 1960’s there seems to occur a sharp turn upwards in the path of the price elasticities.
The curves corresponding to the two smoothing operators (with the war years included,
and not included) that we use for description touch each other at this moment. So, one
could argue that in the food market effects due to the war were not over until then alt-
hough the direct rationing of food supplies was discontinued already at the beginning of
the 1950’s. However, the Finnish trade in imports, was deregulated in a quick transition
in the beginning of the 1960’s, with the restrictions on personal cars being the last to be
lifted. Figure 2.1 shows clearly the massive decline in the budget share of Food. In the
war years the share had increased somewhat. The relative prices of Food have stayed on
a steady level. Exceptions can be found in the periods of war.

The elasticities of the category Beverages and Tobacco vary more than those of Food
(Figure Al.1). The values of the expenditure elasticity have been increasing up to the
1930’s but after abolishing the Prohibition (in 1932) the values start to decrease. Another
phase where decline has occured was after some liberalisation of the trade in alcoholic
beverages in the 1960’s. After the Second World War the rationing of Tobacco ended in
1949 and in the 1960’s a large move to American type cigarettes occured. The values of
the price elasticities in the category Beverages and Tobacco increased into the 1930’s and
then decreased until the late 1970’s. A sharp movement upwards took place in the war
time, 1939-1945. The relative prices of Beverages and Tobacco have generally been on
an increasing trend path, due to the needs to finance increased government expenditure.
The increase in the relative prices has been fastest in the late 1910’s (the prohibitionary
law of alcohol coming into force in 1919) and in the war time, 1939-1945.

There has been a rapid increase in the share of Transport and Communication (nearly
20 per cent in 1990) due to the urbanisation and the need to communicate over wider
distances. In the 1960’s the remaining import restrictions on personal cars were lifted
and the expenditure elasticy for the category has a sharp turn downwards with a rapid
increase in the number of cars in Finland. At the same time the price elasticities are
observed to increase in absolute value, a classical effect observed in rationed markets. On
the other hand, after the Second World War a state subsidized lending system (ARAVA)
was started to speed rehabitation, and in the sixties the share of Housing and Energy has
catched up the current level. After that the baby-boomers entered the housing markets
in the early 1970’s, and rent controls were introduced. These developments may lie
behind the simultaneous decrease in the price elasticities observable in Figure A1.1.

Table 2.2 provides the ’estimates of price and expenditure elasticities’ for component
categories in the those years when survey data have been collected (1966, 1971, 1976,
1981, 1985 and 1990).
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Table 2.2. Estimates of price and expenditure elasticities in the survey years.

Component category | Elasticity 1966 1971 1976 1981 1985 1990
1. Food expenditure  0.500 0.485 0.471 0.449 0434 0426
price -0.401 -0.231 -0.158 -0.029 0.035 0.081
2. Beverages and expenditure  0.952 0.972 0.905 0.841 0.799 0.752
Tobacco price -0.719 -0.698 -0.766 -0.698 -0.538 -0.308
3. Clothing and expenditure  0.595  0.592 0.722 0.973 1.221 1.436
Footwear price 0.254 0.1564 0.363 0.764 1.102 1.237
4. Housing and expenditure  1.120 1.142 1.107 1.066 1.050 1.094
Energy price -0.000 -0.362 -0.629 -0.684 -0.627 -0.363
5. Household expenditure  1.043 1.110 1.119 1.097 1.080 1.090
Appliances price 0.063 0.293 0.171 0.352 0.551 0.920
6. Medical and expenditure 1.435 1.370 1.256 1.109 0.961 0.740
Health Care price -0.822 -0.595 -0.412 -0.227 -0.053 0.204
7. Transport and expenditure 1.702 1.609 1.492 1.368 1.311 1.283
Communication price -1.100 -1.727 -1.352 -0.924 -0.701 -0.461
8. Education and expenditure 1.434 15686 1.638 1.607 1525 1415
Entertainment price -0.520 0.454 0.354 0.213 0.143 0.016
9. Other Goods expenditure  1.219 1.173 1.1564 1.149 1.155 1.182
price 0.210 0.280 0.277 0.291 0.310 0.288

Finally, we estimate the loglinear function using all data by standard OLS, to give
average 'elasticities’ in the period, 1900-1990. Table 2.3 provides the estimation results
of the static model.

Table 2.3. Time series estimates of a simple regression in 1900-1990.

Component category Price Expenditure R? DW
elasticity elasticity

1. Food -0.330 0.627 0.988 0.259
2. Beverages and Tobacco -0.432 0.978 0.927 0.122
3. Clothing and Footwear 0.742 0.983 0.968 0.712
4. Housing and Energy -0.198 1.032 0.987 0.323
5. Household Appliances -0.118 1.019 0.992 0.628
6. Medical and Health Care -0.900 1.539 0.994 0.425
7. Transport and Communication | -0.669 1.678 0.995 0.252
8. Education and Entertainment -1.360 1.556 0.988 0.234
9. Other Goods -0.606 1.299 0.994 0.262




One can find that the household consumption is ’inelastic’ w.r.t the total expenditure
in the categories, Food, Beverages and Tobacco and Clothing and Footwear but with two
categories, Housing and related Energy, and Household Appliances receiving near unitary
values. The other categories are ’elastic’ in relation to the total expenditure. Only the
category, Clothing and Footwear obtains a postive estimate in the ’price elasticity’.
The values of R? are high and the Durbin-Watson test statistics have very low values
in each category. The latter statistics indicate heavy first order autocorrelation in the
consumption variables. In fact, in all cases the values of the Durbin-Watson test statistics
are substantially lower than the corresponding values of R*. Here one can observe a prime
example of integrated variables, i.e. time series having unit roots (or even roots outside
the unit circle) in the lag-polynomial.” ‘

Above we have presented very simple estimations that give at most an analytic desc-
ription of the time series data. Our reading of the literature and own experience points
to that estimating complete specifications of demand systems on aggregate data is not a
rewarding exercise. Even ignoring the interaction of total expenditure coefficients with
the other variables the aggregate models exclude many important explanatory factors.
In particular, care should be taken in interpreting the estimated demand elasticities and
tests of theory restrictions based on them using aggregate data. Comparisons of estima-
tes either across differing time periods or even across countries are not on a consistent
basis.

There exists conditions under which the macro equations consistently estimate the
price responses of demand, see Stoker [1984]. Examination of micro data, however, has
shown that these conditions are rarely met in the data, see Browning [1987] and Blundell
et.al. [1993]. The models used to analyse micro data contain evolving demographic
characteristics that show up in the aggregate level as the average size of demographic
groups, If these characteristics are slowly changing their effects may well be captured by a
stochastic trend component which shows up as autocorrelation or misspecified dynamics.
In fact, above we observed that if our descriptive loglinear models are estimated over
the whole sample period there is substantial autocorrelation present with the Durbin-
Watson test statistic strongly suggesting that the series are integrated. Estimation of
parameters may be biased unless this is accounted for.

When the distributional conditions of Stoker [1984], such as mean scaling, are not met
in the population it is possible that demand equations based on aggregate data will be
inhomogenous without indicating the presence of money illusion. This is often observed
in the analysis of time series data, see eg. Deaton and Muellbauer [1980a]. Tests for
detecting distributional effects have been developed by Stoker [1986]. The continuous
updating of elasticity estimates that we employ here may be a partial solution to the
above problem of capturing the slowly changing random time component of consumption.
But we are still not quite sure how the elasticities we obtain here relate to our estimates
from micro data and what is the real merit in comparing them.

“It should be noted that the time series variables are up to the year 1948 based on the generated
series that are constructed by Laurila [1982]. The excessive autocorrelation observed may be accounted
in part by this.



Chapter 3
Household Budget Data

The main source of data for the present study consists of household budget data collected
through surveys conducted by Statistics Finland. The surveys have been done at regular
five year intervals since 1966. They form the only source to obtain information on the
consumption behaviour of individual households, and the distribution of consumption
expenditures. In addition to the consumption data a large amount of information is
collected on the households in budget surveys. Income data, data about uptake of
publicly provided welfare services (education, health and social services), and data about
household characteristics. The cross section data of the individual surveys have been
manipulated by Statistics Finland to give variables having comparable definitions and
content. We kindly thank them for producing the extensive data set which consists of
an ’equalized’ collection of budget data.

3.1 Budget surveys

The 1966 budget survey is the first one to be based on representative random sampling
covering the whole population in Finland.! After that five extensive household surveys,

!The 1966 household budget survey is the seventh official family budget inquiry in Finland. The
earlier ones were conducted in 1908-09, 1920-21, 1928, 1950-51, 1955-56, and 1959-60. The first study
was performed on 380 skilled urban workers’ households in 1908-1909. The surveys of 1920-21, 1950-
51 and 1955-56 had sample sizes of 554, 538 and 532 families, respectively. These consisted only of
employees (workers or/and white collar employees, and civil servants) living in towns and cities. The
single person households were included only in the last mentioned survey. Farmers were included for
the first time in the 1928 survey. The total number of families in the sample was 1224, of which 270
were farmers. The 1959-60 survey (size 1120) was targeted on households living in the countryside, both
farmers and employees. The three first surveys were based on a bookkeeping period having a length
of one year, and they were based on samples which were not random nor representable in the modern
sense. The fourth survey consisted of four bookkeeping periods each of two weeks on food expenditure
and a one year long bookkeeping on other goods. The fifth survey were based on three bookkeeping
periods again two weeks long, and a yearly interview on the acquisitions of other goods. The 1959-60
survey introduced the monthly bookkeeping period. Since the war the household budget studies have
become more elaborate with respect to both the number of variables collected and using a modern
random sampling framework. (Household survey for 1966. Textvolume. Statistics Finland. Statistical
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in 1971, 1976, 1981, 1985 and 1990 have been produced, and recently also a compatible
collection of all six surveys. This ’equalized’ collection of budget data is used in the

present study.

Table 3.1. Household Surveys in Finland.

Survey year 1966 1971 1976 1981 1985 1990
Final sample size:
Yearly interview 48056 8817 7971 7368 8200 8258
Bookkeeping 3868 3512 3348 7368 8200 8258
Equalized survey 3260 2986 3348 7368 8200 8258
Non-response (per cent)
Yearly interview 9.4 22.5 11.2 2.5 2.9 3.2
Bookkeeping 21.7 38.0 30.9 22.8 27.5 26.5
Bookkeeping period one month one month one month two weeks two weeks two weeks

The latest six budget surveys are described in Table 3.1 with the information obtained
from Statistics Finland, the Household Surveys, and Djerf, et.al. [1993]. There one
can observe that the 1966, 1971 and 1976 surveys consist of two samples which are
of different size. The larger ones are based on data collected on a yearly basis using
both data from public registers (tax and income data) and from an interview. The
aim of these is to give suplementary information about the components of income and
purchases of durables, as well as information relating to the composition and size of
the households and demographic and socio-economical variables. In principle (see the
exceptions below) the surveys are targeted to cover all households in the country. People
excluded from the survey live in institutions, for example hospitals, prisons, and some
educational institutes. The definitions of a household as well as that of the head of
household accords to the recommendations of the United Nations, see below.

The independent importance of the collected income data, however, has declined since
1977, when the surveys collecting data for Income Distribution Statistics were started.
Because of the substantial nonresponse in the monthly bookkeeping (for example 30.9
per cent of the sample in 1976), the length of the bookkeeping period was shortened into
two weeks starting with the 1981 budget survey. Since then the nonresponse has been
at somewhat lower level.

The random sampling methods differ somewhat in each survey. One reason for this is
that there are naturally no registers available in Finland on individual households which
is an economic concept conforming to the United Nations’ recommendations, or in any
other country for that matter. A two-stage stratified sampling was used in the 1966
survey. The sample units were the municipality in the initial stage and the ’household’
was defined to consist of "a group of individuals living together and sharing the principal
means”. The household were formed at the second stage of the sampling. In the 1971
survey sampling was carried out on a population of 'dwelling units’ which were obtainable
directly from the population registers. After the initial stage the households were formed

Surveys No. 51. Helsinki 1973).
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around the dwelling units which were sampled by systematic random sampling. In most
cases the dwelling units which form a less dense partition of individuals were divided
into the corresponding households.

The units in the 1976 survey were collected by using a two-stage stratified cluster
sampling. At the first stage, the sampling population, a set of previously chosen mu-
nicipalities were constructed within a more extensive framework of a master population
formed by districts. Dwelling units were again used as the second-stage sampling popu-
lation, and a sample was drawn by systematic random sampling from a centrally kept
population register. Subsequently, the households were formed using them. However,
in the 1981 survey the sampling population was changed to consist of all persons living
in Finland (15 years or older in 1981 and 1990, and one year or older in 1985). Af-
ter selection into the sample the person determines the household she (or he) belongs
to. To obtain estimates at the population level the data includes a weighting variable
(WEIGHT) which is calculated as the inverse of the probability of the household to be
included in the sample with the sampling strata and clusters, and the various stages in
the sampling process (household size) accounted for. Non-response by some of the units
selected in the sample is also accounted for, see Laaksonen [1988]. This is most severe
in the household groups consisting of single members, households in cities, particularly
in the capital, and at the low and top ends of the income distribution.

Consumption expenditure consists of the market value of goods and services that
the households have acquired or received during the period of study. Consumption
expenditure, however, excludes the acquisition of goods used in production and also
investments. The benefits from public services that are free of charge or the part which
is subsidized are excluded from the expenditures since 1976. As the principal rule, the
moment when acquisition is made determines the registration of the acquisition, not the
moment when payment is made. However, some goods and services, such as rents in
housing costs, electricity and telephone charges are registered according to the payment
principle. Data on these are normally collected using a one month long period of time.

Table 3.2 provides some information about the quality of collected data. The aggre-
gate estimates of consumption expenditure at the population level which are obtained
from the ’equalized budget surveys’ are compared with the 'corresponding’ figures ob-
tained from National Accounts in 1976, 1981, 1985 and 1990. The figures are given in
percentages in relation to the values in National Accounts consumption data.?

Note here that the definitions of the household sector differ in the two data sets. The
data obtained from budget surveys do not account for that part of population. living
in institutions. In addition, the household consumption in National Accounts contains
some expenditures by institutions that are not part of the public or firm sectors in the
economy. The break down of consumption into the component categories follows the one
given in National Accounts. The variables do not include transfers received from other
households.

2Djerf et.al. [1993] present similar comparisons concerning the 1990 survey using eight component
categories of consumption.



Table 3.2. Household Surveys compared with the data from National Accounts,

in 1976, 1981, 1985, and 1990.

Component category in 1976 in 1981 in 1985 in 1990
per cent per cent per cent per cent
1 Food 89.1 95.8 91.3 94.0
11 Bread and grain products 84.7 90.1 84.6 86.7
12 Meat 92.4 99.5 89.7 93.1
13  Fish 87.6 101.9 96.3 126.4°
14 Milk, cheese and eggs 84.2 95.6 92.7 93.7
15  Fats and edible oils 93.1 938.2 79.9 94.1
16  Fruit and vegetables 114.7 113.3 111.0 109.2
17 Potato 96.0 100.1 66.8 68.6
18 Sugar 93.3 116.6 83.9 7.7
19 Other types of food 72.9 76.9 79.7 73.7
2 Beverages and Tocacco 43.5 48.9 44.9 47.1
21  Beverages 38.6 42.2 39.3 43.2
22 Tobacco 54.4 64.0 57.4 56.2
3 Clothing and Footwear 107.9 106.5 109.7 104.6
31  Clothing 110.1 106.6 112.2 105.7
32 Footwear 98.7 106.2 99.4 99.6
4  Housing, Heating, Light and Power 101.4 94.3 99.4 117.1
41 Housing 1104 104.2 109.9 127.0
42 Housing energy 74.1 68.5 67.0 77.9
5  Household Furniture, Fitments and Services 84.7 83.1 97.0 89.8
51 Furniture, objects of art and carpets 71.7 70.4 94.7 75.8
52 Textiles and other fitments 71.1 80.0 75.3 119.6
53  Household machines 1176 110.9 143.9 104.0
54 Household equipment 78.8 72.3 84.6 68.5
55 Household articles, services 90.0 87.7 84.9 102.2
56 Repair of household articles 99.4 103.0 96.6 76.4
6  Medical and Health Care 62.6 61.3 82.1 74.0
61 Drugs and pharmaceutical preparations 41.9 46.2 52.7 51.1
62 Therapeutical equipment 189.5 208.1 260.8 172.1
63 Doctor’s fees 110.5 99.9 138.1 105.1
64 Hospital and sanatorium fees 22.5 15.7 30.4 47.8
7  Transport and Communication 91.7 95.8 97.2 97.0
71  Acquisition of transport equipment 140.7 160.0 144.8 144.0
72 Running costs of private vechiles 78.0 76.5 79.8 83.3
73 Purchased transport services 58.9 54.3 53.3 48.9
74 Communication 88.0 98.3 110.6 107.6
8  Recreation, Education, Cultural Services 83.5 74.2 78.7 73.5
81 Equipment and appliances 104.3 93.8 100.6 102.9
82 Recreation and cultural services 72.0 69.1 67.4 60.0
83 Books, newspaper and periodicals 99.9 78.6 90.2 78.5
84 Education 37.7 18.9 20.0 23.5
85 Nursing services 40.5 46.2 53.1 50.6
9 Other Goods and Services 50.6 66.3 70.8 67.3
91  Personal hygiene and care 91.7 96.0 97.2 99.2
92 Other articles 87.1 93.1 96.4 119.1
93 Restaurant, cafe, hotel expences 54.8 69.5 73.5 66.1
94  Other financial services 24.9 14.5 13.8 16.3
Total Expenditure 83.5 85.3 87.8 88.2
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To account for better comparability in the alternative sources of data we have rear-
ranged some subcategories of consumption for the data shown in Table 3.2.

In most cases, the figures from bugdet surveys 'underestimate’ the data from Na-
tional Accounts. The underreporting or in a few cases overreporting in the component
categories can be made to conform to variables that are calculated in budget shares of
consumption rather than in expenditure by simply diving the correponding figures by the
values of total expenditure given by the last row in the Table 3.2.* Figures given in the
last row have been on an upward trend increasing from 83.5 percentage points (in 1976)
to near ninety points in the 1990 survey. Recall that in 1981 the major bookkeeping
period used in collecting the data was shortened from one month to a two-week period,
to enhance the quality of collected data. There had been some indication of fatigue
when longer time periods were used (Table 3.1). Table 3.2 suggests that estimates for
consumption have improved at the aggregate level. On the other hand, shortening of
the bookkeeping period leads inevitably to more zero observations and increase in the
variance of expenditures if the length is arithmetically accounted for in the calculations
(Table 3.3). These aspects will be examined in more detail in Sections 5.1 and 3.2.

Table 3.3. Zero observations in the surveys.

Category 1966 1971 1976 1981 1985 1990 | All data
Food 1 0 0 1 11 18 31
Beverages & Tobacco 526 341 533 1533 1657 1580 6170
Clothing & Footwear 176 218 254 243 883 TI1 2485
Housing & Energy 18 1 0 0 4 10 33
Household Appliances 87 26 52 189 338 135 797
Medical & Health Care 553 492 81 193 359 317 1995
Transport & Communication | 158 104 65 110 78 56 571
Recreation & Education 21 7 4 30 15 12 89
Other Goods 309 176 200 539 735 671 2630

At the main level of categorization 'underestimation’ occurs in the categories, Be-
verages and Tobacco, (2), Other Goods and Services, (9), Recreation, Education and

3'Meals’ which are included in the budget surveys in the category Food, has been temporarily moved
into the subcategory 'Restaurant, cafe and hotell expences’ (code 93 in Table 3.2). National Account
figures for ’flowers, plants, mould and fertilizers’ in the subcategory 'Equipment and appliances’ (in
category 8) is moved into the subcategory Household articles and services’ (category 55) and the
subcategory *Domestic help’ (in category 5) into the subcategory "Nursing services’ (category 85).

4Note that in the present study we will use the budget shares to study the allocation of total
expenditure among the component categories of household consumption.



Cultural Services, (8) Medical and Health Care, (6). The discrepancy is particularly
remarkable in the case of alcoholic beverages and tobacco. The result is no surprise to
us and quite typical of the budget studies, or other survey data, and is observed in other
countries as well. The only category that gets consistently survey estimates that are
'too high’ is Clothing and Footwear, (3). If one examines the correspondence from the
point of view of using the budget shares, one finds that underestimation is no longer
so serious. However, the ’overestimation’ of consumption in the category Clothing and
Footwear gets more serious.

3.2 Variables

3.2.1 Consumption and price variables

The nine component categories of consumption that are examined in more detail using
budget data are formed differently from the categories given by National Accounts.
However, they are given the same names as before. Their composition is explained in
Table 3.4 and most categories are self-explaining. Total expenditure is determined as
the total sum of expenditures in the component categories of consumption

The category Food, (1), includes here meals and drinks taken outside home.®* The
category, Housing and (related) Energy, (4), includes all kind of expenditure in housing,
such as rents in rented dwellings, or imputed housing benefits obtained from owner-
occupied dwelling, or housing services in kind, received as compensation in turn of money
wages. The category, Household Furniture, Fitments and Services, (5), includes subcate-
gories like Furniture, Household equipments, Non-durable household goods, Household
services, and also repair of household articles, and the relevant insurance costs.®

In the category, Medical and Health Care, (6), the items include only the out-of-pocket
part of the costs partly subsidized. Expenditure in the subcategory, 'Personal hygiene
and care’, is included in the category, Other Goods and Services, (9). The category,
Transport and Communication, (7), consists of four more extensive subcategories. Also
transport services received free as a transfer or in compensation in turn of money wages
are included in the category (7).

The category, Recreation, Education and Cultural Services (8) is a less clearly defined
one. There are included durable or semi-durable goods, but also services like tickets
to cultural and sport events. The subcategory Education includes School payments,
Payments for professional cources, Nursery fees, etc.®

5In Table 3.2, where the bugdet studies are compared with the data from National Account, these
items were temporarily placed in the subcategory 93, ‘Restaurant, café, hotel expences’, under the old
category (9) Other goods and services.

This category includes also the subcategory 'flowers, plants, mould and fertilizers’ which in the
comparisons with the data from National Accounts were temporarily moved into the subcategory, Rec-
reation, etc. in the corresponding category (8).

"Package holidays, and the foreing currency that households exhange for use abroad during holidays
are included in the category, Other Goods and Services, (9).

8Generally schooling is free in Finland.



Table 3.4. Description of the nine component categories of consumption.
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Survey code

Description

K1-86
K11,12,15
K11

K12

K15
K13-14
K131
K132
K14

K2

K3

K31

K32
K33
K4

K41

K42

K43
K5

K51
K52
K53

K54

Total expenditure

Food (1)

Bread and grain products, Meat, Fish, Milk, Cheese

and eggs, Fats and edible oils, Fruit and vegetables,

Potato and potato products;

Sugar and sugar products, Coffee, tea and cocoa,

Chocolate and sweets, Ice-cream, Spices and other

foodstuffs, Unclassified consumption of food;

Meals, consumed abroad.

Beverages and Tobacco (2)

— Non-alcoholic beverages,

— Alcoholic beverages;

Tobacco.

Clothing and Footwear (3)

Housing, Heating, Light and Power (4)

Housing costs of

- Private apartment in housing corporations,

— Privately owned house,

- Rented house and Free dwelling (in kind),

— Repairs, made by tenants;

Week-end house;

Heating, light and power (Housing energy).

Household Furniture, Fitments and Services (5)

Furniture, works of art and carpets, Textiles and

other fitments, Household machinery;

Household equipment:

— Kitchen utensils, Tableware, Household tools
and utensils, Polishing pastes, Cleaners,
Washing materials and equipment,

- Non-durable household goods, Plants, bulps, cut
flowers, etc.;

Household services and Domestic help.

Medical and Health Care (6)

Drugs and pharmaseutical preparations;

Therapeutical Equipments;

Doctor’s fees, Laboratory, Medical examination

and treatment charges;

Hospital and sanatorium charges.
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Ké
K61

K62

K63

K64

K65
K7
K71

K72

K73
K74

K75
K8

K81
K82

K83
K84

K85
K86

Transport and communication (7)

Acquisition of personal vechiles:

~ Expenditure on cars and motorcycles;

Running costs of personal vechiles:

— Maintenance and repair costs,

— Fuel and lubricants,

— Garage fees, driving tuition, insurance, etc.;
Purchased transport services:

- Travelling in home and abroad,

— Transport and storing of household articles;
Communication:

— Postal, telephone and telegram charges;

Transport services, etc. as perquisities.

Recreation, education and cultural services (8)
Equipment, appliances:

— Radios and TVs, Record players, Stereos, etc.,

— Large durables: Boats, Yatchs, Musical instruments, etc.,
— Hobby articles: Sport, Hunting, Camping, Photography, etc.;
Recreation and cultural services:

— Theatres, Operas, Concerts and Cinemas,

~ TV-licences, Sport events, Fees for sport,

— Hire of hobby and sport articles;

Books, Newspapers and Periodicals;

Education:

- School payments, Payments for professional cources;
Nursery and kindergarten services.

Other goods and services (9)

Personal hygiene and care;

Other personal articles:

— Watches and jewellery,

— Articles like umbrellas, pipes, pocket knives, etc.,
~ Printing and drawing material;

Package holidays;

Other services:

- Banking services and postal transfer charges, etc.,
— Membership fees, Catering, Death expences, etc.;
Unclassified consumption;

Foreign currency.
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For natural reasons the category, Other goods and services, (9) is the most heteroge-
neus one. It includes subcategories such as *Personal hygiene and care’, some expensive
commodities such as Jewellery but also Hotel expenses, Camping site fees, Package ho-
lidays, Banking service and postal transfer charges, Death expences, Catering services,
party membership dues and similar other dues, passport, and licence costs, advertise-
ment in newspapers, legal and financial services as well as unspecified other consumption.
The above lot is very colourful, indeed. In retrospect, it may have been useful to move
some of the subcategories into those categories to which they have some resemblance,
such as Package holidays, and (possibly) Foreign currency into (7), and Personal hygiene
and care into (6).°

A deficiency in the household budget surveys is lack of price information. Households
only appraise the expenditure not any unit price.’® On the other hand, there are available
Consumer Price Index data as continuous time series on large number of commodities
starting from 1981.1 These series are constructed at the monthly level.

9The main differencies between the categories of the present study and the earlier studies of Riiheld
and Sullstrém [1993], and Sullstrsm [1995] are as follows. First, the latter studies exclude acquisitions of
durable goods. Second, the category Food does not include meals and drinks outside home but mstead
non-alcoholic beverages are included. Third, the category Housing and Energy, covers only consumptlon
on housing energy. Fourth, the exchanged foreign currency is a component of the subcategory of
Purchased transport services in the category (7). In the last part of the present study (Chapter 9)
we present some results on the allocation of total expenditure among the component categories when
acquisitions of durable goods and housing costs other than expenditure on energy are excluded from
the component categories using the same definitions as in the above studies. In'addition, in Riiheld &
Sullstrom (1993) and Sullstrsm (1995) the price indices for the nine component categorys were calculated
from price indices formed at the subcategory level by using the formula for the Stone price index, with
the average budget shares as weights. This was done to remove the influence of durable subcategories
and housing costs from the category prices. 3

Demand models generally assume that households at a given moment of time observe the same
prices everywhere. This is how we do but i 1gn0r1ng spatial variation in prices is not necessarily a good
assumption, see Deaton [1987]. However, if unit prices of individual goods were obsetved, either directly
or calculated by dividing the expenditure by the amount of quantity purchased, one could not use them
without accounting for the errors-in-variables problem. In the latter case the problems are obvious and
in the former case prices easily get confounded with the characterics (quality) of the good. In the former
case it might be preferable to assume that the households face the same ’hedonic prices’ and instead
consider only the spatial variation, or variation due to taxes.

1 However, earlier the information is not so finely tuned and we had to resort to some (rather arbitrary)
constructs as a substitute for better data. For the surveys in 1971 and 1976 the monthly price index
of the category, Medical and Health Care is not available. At that time the category was included as a
subcategory in Other Goods and Services. Therefore, the prices of the latter are used for both variables.
The monthly price index data in 1966 is based on an old categorization of consumption which provides
price indices only for four categories, 'Food’, 'Housing and Energy’, ’Clothes and Footwear’, and a broad
category 'Other expenditures.” We have used the last one as a substitute for our categories, Medical
and Health Care, Transport and Communication, Education and Recreation, and Other Goods. Fhe
monthly price index of the category, Beverages and Tobacco is based on the price index of ’Alcoholic
beverages’. The indices in 1981 prices are obtained in 1966, 1971 and 1976 by setting the July value
of the monthly index (with various base years) as to conform to the average value in the prices of year
1981 (1981="1.000").



Figure‘AZ.l. Relative prices

in the survey years

Food ' Beverages and Tobacco
1.5 ' 1.5
§ $ -
g10 ~ v~ E10 ,— ——
N
0.5 — 0.5 :
19686 1971 1976Yea%981 1985 1990 1966 1971 1976Yea11'981 1985 1990
Clothing and Footwear Housing and Energy
1.5 1.5
—_
- ST
N —
s 8
= 1.0 ———— = 1.0 -‘/""—
N~
0.5 0.5 *
1966 1971 1976\’6&%981 1985 1990 1966 1971 1976Yea%981 1985 1990
* Household Appliances Medical and Health Care
1.5 1.5 —
- \w ’ s
: : -
£1.0 — 1.0 _——
Iy ——— s}
v —
0.5 0.5
! 1966 1971 1976Yea11-981 1985 1990 1966 1971 19’?'6Y 1981 19856 1990
ear
Transport and Communication Education and Entertainment
1.5 1.5
a——
] — 9 (e
FLO e ——— 1.0 ——
o — a -
0.5 0.5
1966 1971 1976Yea11'981 1985 1990 1966 1971 19856 1990

197
ol




27

We augment our data with Consumer Price Indices by utilizing the specific informa-
tion on at which time period the expenditure data has been collected. In the model
the price variables, LP1-LP9, are in the logarithmic form with the index values 1.000 in
1981. This is close to the middle of ofir research period 1966-1990.

We set up a correspondence between the two-week bookkeeping periods and monthly
price indices by linear interpolation in those surveys where the two weeks period was
in effect, in the 1981, 1985 and 1990 surveys (Table A2.3). In the earlier surveys the
bookkeeping periods correspond to the calendar months and in this case no interpolations
are needed. The variation in prices is due to the variation both between surveys and
within a survey. Therefore, our price variables are household specific only up to the
survey year and the bookkeeping time period in the survey. The number of individual
observations in bookkeeping periods varies but is generally over 200.12

Figure 3.1 provides the relative prices of the first eight categories in the survey years.
The time series are based on monthly price indices obtained by dividing with the con-
sumer price index relating to the residual category (9), Other Goods. One can observe
that most of the variation in relative prices takes place in the time between the surveys
but the variation in the prices is rather modest within the individual surveys, see Section
6.1. Note in addition the effect of using the same price index in some categories as a
subsitute for better data in the earlier years, see footnote 3.11.

3.2.2 Demographic and socio-économic variables

In addition to the consumption data, in budget surveys a large amount of information is
collected on the households, income data, data about uptake of publicly provided welfare
services (education, health and social services), and data on household characteristics.
The cross section data of the individual surveys have been manipulated by Statistics
Finland to give variables having comparable definitions and content. In the present study
we use a wide variety of factors as explanatory variables in the estimated models. Some
of these involve demographic characteristics, eg. the age (AGE) and gender (FEMALE)
of the household head.!®

The age of the household head is in this study of primary importance since our main
mission is to give an analytical description on how the structure of consumption evolved
in the time period, 1966-1990 while the baby-boom generation have grown from their
youth to middle-aged. The explanatory variables include the logarithmic age of the
household head (LAGE) and a quadratic term in the variable (LAGESQ). Since the
natural range of age is bounded then taken together with estimated coefficients these
variables allow for the effect of age to be either monotonously decreasing or increasing,
or to have either the shape of a well or a hump. The first two cases occur when the local
extreme value of the above binome in logarithmic age occurs outside the natural range

12The data has twelve different (monthly) bookkeeping periods for each survey in 1966-1976 and
twenty-six (or twenty-eight) bookkeeping periods for each survey from the year 1981 onwards.

13The household consists of persons living together and having a common provisioning economy. The
head of a household is determined as the person who has the largest income in the household.



of the age variable. )

A useful supplementary variable is the logarithm of the age of household head in a
given year (LCOHAGE), in our case we select arbitrarily the year 1981.1* This variable
allows for a slowing creeping effect w.r.t. the survey year which may be a useful device
to capture some cohort effects in slowly changing consumer environment where new
commodities are introduced and habits and preferences evolve. On the other hand,
using only the calender age at the time of the survey neglects the gradual overturn of
population, and having in the sample people that are observed to be same age but have
in fact been grown-up and moulded in widely differing economic and social environments.

Some of the factors are related the size and composition of the household, eg. the num-
ber of persons (HHSIZE), the number of children (CHILDREN), and old-aged persons
(OLDAGE). Children are defined to be persons living in a family and under eighteen-
years old, and old-aged persons are over 65 years old in the survey year. Additional
variables include the geographic location of households and the community type
(RURAL). The variables relevant for the present study are:

Label Description Details
AGE Age of household head years
HHSIZE Household size number of persons
CHILDREN  Number of children in a household number of children
OLDAGE Old-aged (age > 65 years) number of persons
FEMALE Gender of household head 0 = male
Socioeconomic status of household head: Proxy for labour supply
FARMER farmer
SELFEMPL self-employed or entrepreneur
WHCOLLAR white-collar employee
BLCOLLAR blue-collar employee
RETIRED not working
SPOUSENW  Spouse not working, or no spouse 0 = in work
Education of household head: Proxy for human wealth
EDUCL lower degree
-EDUCM middle degree
EDUCH higher degree

141n selecting this year one has to guard against the unexpected effects which may result if logarithms
are taken from variables having some low values with respect to the bulk of data.



Label

SMHOUSE
FLAT
SDHOUSE
TENUOWN
TENURENT
TENURKIN
CENTHEAT
BATHROOM

WEHOUSE
CAR

SOUTH
MIDDLE
NORTH
RURAL

WINTER
SPRING
SUMMER
AUTUMN

D66
D71
D76
D81
D85
D90
D6676
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Description Details

Dwelling: Proxy for real wealth
Small house
Block of flats
Semi-detached house
Tenure: owner
Tenure: renter
House in kind
Central heating
Equipped with bathroom

Indicators of real wealth:
Week-end House
Owns one or several cars

Region:
The South of Finland
The Middle of Finland
The North of Finland
Type of community: rural 0 = town, or city

Seasonal variables:
Winter
Spring
Summer
Autumn

Survey dummies:

Dummy for the survey in 1966

Dummy for the survey in 1971

Dummy for the survey in 1976

Dummy for the survey in 1981

Dummy for the survey in 1985

Dummy for the survey in 1990

Dummy for the survey in 1966-1976 one month data
collection period

The descriptive statistics of the variables used in our model: means, standard de-
viations, and the range of values in the sample, are given in Appendix 2 (Table A2.1).
There are provided also the corresponding statistics for our consumption variables and
some variables that are used as instruments, see Section 5.1. The variables that have
not been defined so far are given below:



Label Description Details

Consumption variables:

Wj Budget share of category (j), j=1,...9
LPj Logarithm of the price index (j), ji=1,..9
LNC Logarithm of total expenditure current prices
LNX Logarithm of total expenditure fixed prices
LNXR Logarithm of total expenditure fixed prices
adjusted for the # of eq. adults
CONSUMP Total expenditure (FIM) current prices
NDCONS Total expenditure (non-durables) current prices
Additional instruments:
LNSQM Area in dwelling, in m?’s
DISPINC Disposable income current prices
LNY Logarithm of disposable income

LNYSQ LNY*LNY
WWATER  Dwelling: warm water available
wC Dwelling: equipped with WC

Some additional variables that we use are constructed by preliminary fits and we turn
to considering them.

3.2.3 Generated variables

The Engel curves in household demand are defined in relation to total real expenditure.
The functional form of the QAIDS-model that we use, see (4.6) in Chapter 4.1, employs
the logarithm of real expenditure and some interaction (product) terms with other va-
riables. Furthermore, in the QAIDS -model one allows for a second order term in the
logarithmic real expenditure.

In empirical demand analysis the total consumption expenditure should correspond
to the theoretical concept which is exogenous to the allocation decision rather than
to the error-prone measure of expenditure based on actual purchases. The latter one
reflects the relatively short bookkeeping periods used in collecting the actual data, eg.
with plenty of zero purchases occurring for some items, and other data imperfections.
One would expect that there is a positive correlation between the total expenditure in a
bookkeeping period and recording of purchases of individual items which has unpleasant
implications for econometric estimation resulting in biased parameter estimates.

In the econometric model of consumption we substitute for the endogenous R.H.S.
variables, the logarithm of total expenditure (in current prices), and the budget shares,
w; that are used to define the Stone price index,'® with preliminary fits using a set of

?5The Stone price index is defined by log Ps = ¥ w; log ¢;, where ¢; stand for the price of component
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instruments which are considered predetermined. One projects the error-ridden variable
on a subspace spanned by the instruments. In constrast to using the conventional method

of instrumental variables to solve the errors-in-variables problem the preliminary fits are

in this study used to estimate the conditional expectation of the total real expenditure
variable. The expectation should correspond to the solution for an intertermporal opti-
mization problem, and it is subsequently used by the household as the proper a priori
startingpoint for the current allocation of ezpenditure among the component categories
of consumption, see Bierens and Pott-Buter [1989], and Sections 4.2 and 5.1. The inter-
temporal allocation problem which is implicit in the process concerns the consumption,
saving and labour supply decisions of the consumer.

Since our aim is to estimate the conditional expectation, we choose to use a rich set
of instruments, i.e. those variables that span the subspace on which the projection is
taken, together with a different form (time varying parameters) for the survey years (six)
present in our data. Calculating six regressions rather than just one it is hoped that ’a
better fit’ is obtained since the 'total consumption function’ obtained by conditioning
on the available instruments may drift over time, due to changing labour and financial
market conditions.

In all we use 70 variables as instruments in the preliminary fits (Section 5.1) to obtain
‘a generated variable (ILNC) for the logarithmic total expenditure, in current prices. The
instruments which are considered predetermined to the current allocation of the total
expenditure are chosen with the above considerations in mind, to include variables on
labour supply decisions and indicators on real wealth. Above we have mentioned our
additional regressors WWATER, WC, and logarithmic area of the dwelling (LNSQM)
and the quadratic term (LNSMQ2) which are used to capture permanent income type
effects on total consumption. We rely heavily on the area variable which is allowed to
have an interaction (product) term with 13 other instruments, 11 of them indicator va-
riables (Table A2.2). In addition, all exogenous variables of the allocation model have
been included among the instruments. In fact, it is not obvious how the conditional
expectation of total consumption is identified independently of the corresponding equa-
tions defining allocation among the component categories without making separability
assumptions which are possibly incorrect.®

We solve these problems by using time-varying parameters, and several nonlinear
terms and interaction  terms (products) among the variables, see Section 5.1, to define
the "total consumption function.” In contrast, we consider the models which describe the
current allocation of the total expenditure as parsimonous simplifications of the more
complicated ones. In the study the problem of possible over-fitting by the instruments
is not seen as worrying by us since there are so many obserations available (33 420).

The next step is to make a similar operation with the budget shares as the object
variables to obtain generated variables (IW1,-IW9). In doing this two additional va-
riables are added to the list of instruments to account for the cross section Engel curves

categories, see Section 4.1.
16Tn our data we have observed that if a variable enters the total consumption function it is highly
likely to enter at least some of the equations defining consumption in a component category.



in consumption. These are the fitted values of the logarithmic total expenditure (ILNC)
and its quadratic term (ILNCSQ).

Subsequently, the fitted values of the logarithmic nominal expenditure are deflated
with the Stone price index to obtain a logarithmic real expenditure variable (ILNX) The
weights in the index formula are calculated using the fitted values (IW1,-IW9),17 and
price variables are calculated continuously for the sample periods using the specific 1nf0r-
mation on which period the expenditure data was collected using Consumer Price index
data, as described above. Finally, we make an additional adjustment in this variable
to measure real consumption per the number of ’equivalent adults’ in the household
by subtractlng the logarlthrn of the OECD-scale (OECDSC) from the real expenditure
variable.!8

In our model the real expenditure variable is replaced with a preliminary fit to obtain
an estimate for the conditional expectation of the logarithmic total expenditure variable,
denoted by . To ease interpretation of the estimation results of our model we subtract
a 'typical value’ from the variable before we move on to construct other transformations
of the real expenditure variable.!® Note that subtracting a constant value from any
variable in a model where the conditional mean is linear in parameters has no effect on
the estimated coefficient, only the constant term in the model is modified accordingly.?®

We have good reasons for doing this. First, all the interaction variables formed in
combination with the real expenditure variable are equal to zero at the typical value and
now the effects of those variables (household size and composition) that form product
terms with the expenditure variable can be directly rea.d from the coefficients which do
not involve the product terms.

Second, since we have in the model & quadratic term in the real expenditure variable
the slope of the Engel curve in consu ptlon is in our model not given directly by the
coefficient of the logarithmic expendf/m re variable since the derivative of the second
order term enters the formula.”® ‘However, this additional term is zero at the typical
value and now the slope of the Engél curve is directly given by the coeflicient of the
modified variable (ILNXR) at this value. The corresponding t-value gives the statistical
significance of the slope not being zero, and equivalently of a possible local extreme value
(minimum or maximum) not occuring at the typical value. Similarly, the coefficient of the
second order term gives directly the second derivative of the Engel curve at the typical
value, an estimate of the curvature, or how rapidly the slope is changing at this point.

"The weights are truncated below at zero and the fitted values for the other budget shares are
proportionally adjusted so as to sum to one in cases with negative values of some budget share fits.

18The OECD-scale is calculated as follows: the first adult in the household: -gets weight 1, and each
additional adult gets a weight 0.7. Furthermore, the children (under 18 years of old) get weight 0.5.

19The typical value is equal to 10.3 which is slightly above the sample mean (Table A2.1) and lies
between the estimated population means in the 1985 and 1990 surveys.

08ince we use an additional quadratic term of this variable the coefficients do get modified but the
overall fit remains the same and we have effectively only reparametrised the model, see below.

21This means that we allow for commodities to be, say luxuries at low values of total expenditure and
necessities after some values of the total expenditure to reflect the increasing substitution possibilities
available to the consumer as the spectrum of consumption possibilities is widened (Section 4.1).
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The corresponding t-value gives the statistical significance of the Engel curve being linear
at the typical value.

The second order term in our expenditure variable has to be treated a little diffe-
rently from the other transformations after performing the arithmetic operation. Recall
that we are using fitted values from a preliminary regression to form the generated real
expenditure variable. In our case one will end up having several generated regressors
sharing common preliminary estimators ¢ for the parameters of the preliminary regres-
sion rather than the actual parameters v characterizing the conditional expectation. In
this study we use the distributional properties of the unbiased estimators (normality
and the four first moments) to develop the analysis, see Section 4.2. In the operations
considered so far, products with exogenous variables, the unbiasedness of the parameter
estimators guarantees that the transformed variables form unbiased estimators of the
corresponding conditional expectations. This is not the case with the quadratic term.
One must allow for the calculable bias in the estimation of the squared term m? and
correct for it. By the well known formula, £y? — Var(y) = (£y)?. Therefore, one substi-
tutes for m? a variable m? — w? which is based on the fit of the conditional expectation
using preliminary estimates v, and the values of the instruments, and on an estimator
w? for the variance of the fit at the values of the preliminary instruments, for details see
Section 4.2. We have earlier subtracted a typical value from the expenditure variable
‘which is little above the mean in the data. The above substitution formula to get our
generated second order term (ILNXSQ) indicates that we will have in the data a con-
siderable number of observations with the guadratic term having negative values (Table
A2.1)! But note, this is as it should be because we know that some of the 'true values’
in our second order variable (with the typical value subtracted) are zero and the only
way to accommodate that our generated variable is unbiased is to allow some negative
values for it.22 In the following chapters we will find the merit of doing these tricks on
our variables rather than using the straightforward method of instrumental variables to
solve the errors-in-variables problem.

The variable LNRELX which is called ’relative consumption’ builds both on early
remarks by Veblen [1899] which have become popular in psychological and sociological
literature under the heading 'relative deprivation’ theory and on the ’relative income hy-
pothesis’ in consumption behaviour which was put forth by Duesenberry [1949]. Loosely
speaking the hypothesis suggests that a consumer’s consumption habits should reflect
his (or her) social reference group (Section 6.1).

The variable is constructed using the fitted values of real total expenditure (ILNXR).
It measures the signed distance of the household from the median household. The me-
dian is estimated using the population mean of logarithmic total expenditure, and the

22Some readers may wonder whether the subtraction of the typical value is causing some difficulties
here. It is not so since the variance operator is unaffected by the addition operation and in fact, the
above formula cohnecting the variance and the two first moments gets modified in just the correct way,
not even the constant term of the model is affected by allowing for the variance term. However, the
constant term and the coefficient of the first order term are affected by subtracting the typical value to
produce the reparametrization considered above. One can use simple algebra to show this.



variables aréwa,djusted for the number of equivalent adults in the household.?* Furthermo-
re, the calculations are based on instrumented values and the mean is formed separately
for each survey available (Section 4.2).24

In the following we give the complete list of the generated variables and the variables
that are related to the household size and composition, and are used to form interaction
variables with the expenditure variable, see Table A2.1:

Name Description Details

Generated variables:

IWj Fit of budget share in category (j), i=1,.,9
LPSTONE Stone price index, using IWj’s
LRELPj LPj - LPSTONE, relative price i=1,..,9
ILNC Fit of LNC
ILNX ILNC - LPSTONE, generated real expenditure
ILNXR Fit-of LNX - 10.3, adjusted for the
number of equivalent adults
ILNXSQ ILNXR*ILNXR - VAR(ILNXR)
LNRELX ILNXR - mean(ILNXR)
Product variable:
ILNXSIZE HHSIZE*ILNXR
ILNXCH CHILDREN*ILNXR

[LNXFEM FEMALE*ILNXR

We conclude by explaining some additional price variables in Table A2.1. In some of
the models of the present study (Section 6.1) it will turn out that it is not sensible to
include a full set price variables in the model. Therefore, we form a price variable which
is separate for each consumption category. The variable is the ’logarithm of relative
price’ which is obtained by dividing the corresponding component price index with the
Stone price index which we use in this study to define real expenditure, and then taking
the logarithm. The variables are, LRELP1,-LRELP9.

23The mean of logarithms is in our case quite near the median because the distribution of logarithms
deviates only slightly from normality.

24Note that since we adjust total expenditure using a rough equivalence scale, we should arrive at a
more reasorfable outcome than by utilizing unequalized values of expenditure.



Chapter 4
Methods

Allocation models are customarily estimated using Zellner’s [1962] Seemingly Unrelated
Regressions (SURE) model. This assumes that the covariance structure across indivi-
dual equations is homoskedastic. Particularly when using microdata homoskedasticity
is an untenable assumption resulting in inefficient estimators and distorted statistical
inference. In contrast, heteroskedasticity is unavoidable in efficient consumption share
equation estimation as shown for example through the consistent stochastic specifica-
tion by Chavas and Segerson [1987]. Random Individually varying coefficients models
produce covariance structures that fall into the heteroskedastic framework.

An alternative interpretation of the conditional model of consumer demand that we

employ is given by Bierens and Pott-Buter [1989]. They start with an intertemporally -

additive indirect utility function using a life-cycle -consumption model. The consumer
estimates his unknown future income stream by a conditional expectation. Next they
formulate the corresponding Euler equation under uncertainty and find that the condi-
tional expectation of total expenditure should replace the actual value in the formulation
of demand equations. The conditional expéctation is taken relative to prices, interest
rates, household composition and indicators for wealth variables. The error covariance
matrix is no longer singular in their model. In addition the errors are in general hete-
roskedastic. The error terms correspond in the model to randomly varying preferences
and unobservables, such as real and human wealth.

Below we develop a model and an estimation method which accommodates parametric
heteroskedasticity in a single equation Estimated Quasi Maximum Likelihood (EQML).
The motivation for this is the finding by Low (1983) that similarly accommodated gene-
ralized least squares may outperform the Zellner’s estimator even though single equation
ignores the correlation across share equations. Naturally the relative performance of the
alternative models depends on the severity of the covariance vis-a-vis the heteroskedas-
ticity. Under some specific assumptions we are able to evaluate efficiency gain of the
(EQML) vis-a-vis a homoskedastic single equation model] (Section 5.3). Furthermore,
the parametric heteroskedasticity structure of our model incorporates the formulation
of Bierens and Pott-Buter [1989] where the conditional expectations are substituted for
some of the right hand variables variables and additionally some specific features in the
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sampling framework used in collecting the actual data.

4.1 Model for allocation of consumer expenditure

In the econometric analysis of the structure of household consumption we utilize a flexible
representation of preferences. The empirical advantage of using a flexible representation
for functional form is that untenable restrictions on behaviour are avoided. In effect the
elasticities are measured not assumed. These gains ‘are associated with the increased
computational burden of more complex and less parsimonious models.

Specifically, the functional form is derived as a quadratic extension of the Almost
Ideal Demand System (AIDS) originally introduced by Deaton and Muellbauer [1980a].
The system of demand functions (QAIDS) is based on a functional relationship for the
expenditure function. Specifically, the logarithm of the expenditure function, calculated
per the number of members in the household (in equivalent adults), n, is given by!

log(exn(g, un)/n) = log A(q) — m, (4.1)

where log A is a quadratic form in logarithmic prices,

l *
log A(g) = Y axlogq+ 5 Y- v log ak log ay,
k k 1
log Bi(q) = —_ Pulogqr, logBa(g) = Paxlog g
k k

There are theoretical restrictions on the functional form which are implied by ex-
penditure function defining rational expenditure minimizing behaviour. Homogeneity
properties of the expenditure function imply that A is a degree one homogenous func-
tion in prices ¢ and By and B, are homogenous of degree zero. This implies that the
following restrictions should hold for the parameters:

Zak = 1, (4.2)
k.
D =0, VE=1,--,m, , (4.3)
{

Ekjﬂuc =0, Vi=1,2 (4.4)

By Shephard’s lemma the budget shares of the commodities are given by parfial
differentiation of the logarithmic form

'The functional form which is written here in a slightly different form was originally discovered by
Deaton [1986).
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dlog e(q, u
wi(gq,u) = _g%zk_)
= _ Bk (Bax + Bux) Ba(q)
= o+ z{:')’kl log ; BiQu+ Ba(@) + (Bi(q)u + Balq))? (4.5)
wi(g, ™) = ak+ ) ylogq + Bum + (Bak + Bux) Ba(g)?, (4.6)
1

where m = log(M/n) — log A(q), the logarithm of real expenditure with nominal ex-
penditure M deflated by a price index A(q), and adjusted for the number of household
members n. Above we have redefined v; = 1(+; + v} ) for all k, j in terms of the original
parameters in (4.1). :

The above functional form permits exact aggregation over consumers in the sense of
Lau [1982]. The necessary result on the allowable forms for the Engel curves is provided
by Gorman [1981]. On the other hand, since the logarithm of the expenditure function
is defined with a quadratic form in logarithmic prices the budget shares have a flexible
representation to the first degree in logarithmic prices. The Engel curves of consumer
demand are defined in terms of real expenditure and allow in the above model (4.6)
a quadratic term in the logarithmic real expenditure thereby generalizing the ordinary
Working-Leser functional form, see Working [1943] and Leser [1963]. In the special case
of Bz(q) = —ABi(q) the formula reduces to the AIDS-form of the expenditure function
as originally introduced by Deaton and Muellbauer {1980a]. In the latter, special case,
a commodity, say k, is a luxury if f1x > 0 and a necessity if By < 0. In contrast, the
model (4.6) allows for a commodity which is a luxury at low levels of total expenditure
to become a necessity at higher values for this variable. The increased level of flexibility
is particularly useful in analyzing micro data as opposed to the case of aggregate time-
series data and can be seen as reflecting increased scope for substitution as the spectrum
in the consumption possibilities available to the consumer is widened. Similarly, in the
special case of By(q) = A, and independent of the prices, the model (4.6) reduces to the
special quadratic form introduced by Blundell, et.al. [1993].

Empirical data satisfies the budget condition, 3"y w; = 1. Therefore,

Yo = 1, ‘ (4.7)

k
27k1 = 0) VI:’I,"Uma (48)

k
Bk = 0, Vi=1,2. (4.9)

k
In empirical analysis this results in that one dependent variable and the corresponding
equation are linearly dependent on the others and it is conventionally dropped from the
analysis. Parameters related to the abandoned equation are recovered using the above

restrictions. In linear models the result is independent on the choice which variable is
dropped Powell [1969] (SURE) and Barten [1968] (FIML). Returning to the homogeneity



restrictions (4.2)-(4.4) one notes that by construction the data satisfies all of these expect
for the middle one (4.3). This parameter restriction forms the surviving testable linear
hypothesis of the homogeneity property.

In addition one has from the hypothesis of rational behaviour the ’symmetry re-
strictions’ that are implied by the fact that the matrix of the second derivatives of the
function log e w.r.t the logarithmic prices is by construction symmetric, cf. 4's vs. the
original v*'s. :

W= Yk VeI=1,--m. (4.10)

We return to the concavity properties of the expenditure function further on in the
report but note that since the model is based on a local approximation of the expenditure
function in prices to provide flexibility it is less fortunate in giving up completely global
regularity, i.e. concavity in functional form. These imply the monotonicity and curvature
conditions in rational neoclassical economic behaviour.

In the analysis presented in this study quite a few modifications are made to the basic
model given by (4.6). Some of these have become relatively standard in empirical work
but others are encountered less often or are even novel. Start from the more familiar
ones. First, the fixed terms ay in the budget share equations (4.6) are made to depend
on some predetermined explanatory factors, i.e. we use a wider variety of conditioning
factors other than just price and total expenditure. These factors involve demographic
characteristics, such as the age and sex of household head, size of the household, and
geographic location of households, and factors related to household composition, the
number of children, and old-aged persons. We use some additional conditioning variables
which are considered predetermined here although they capture some effects that are
related to the dynamic allocation decision. The motives for this are provided by Bierens
and Pott-Buter [1989]. We return to some characterizations and interpretations that are
possible for our model in more detail below, see also Deaton [1986].

Second, the function A(¢) which defines an implicit price index involved in calculating
the real expenditure component of the model is replaced with a Stone price index, an
index obtained simply by log Ps = 3", w; log q;. This makes the original AIDS-form linear
in the parameters. We in turn neglect the B; function in front of the quadratic real
expenditure term, and reparametrize Sy for earlier By, + Bix,? and write the estimable
linear form as an approximation

wi(g, M) = ap + Y i log qi + Bkt + Bt + ey, (4.11)
. l

where i = log(M/n) — log Ps, logarithmic real expenditure with nominal expenditure

M deflated by a Stone price index, and adjusted for the number of equivalent adults in
the household.

2The function, B, is nearly constant if the relative prices do not change too much. The change in
relative prices, however, changes gradually the slope of Engel curves. In a future study we plan to give
a more complete treatment of the share equations incorporating the full nonlinear model.
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To get a simplified formula for elasticities in the model (4.11), substitute the Stone
price index for the earlier index A(q), in the real total expenditure part of the formula. In
our case, this procedure corresponds to calculating the uncompensated price elasticities
with the formula,

_ Ologzi(q,m) e+ O log wi(g,m)
Tt = dlogq M dlog g
- 9 Bor )il
= kot (ﬁlku;rk Parit) by (4.12)

for k,1=1,---,m, and where /n = log(M/n) —log Ps, the logarithm of real expenditure,
and « defines the Kroenecker’s function,® ;; = 1 if ¢ = j, and zero otherwise.*
The corresponding expenditure elasticities are given by

_— dlog z(q,m) 14 dlog wi(q,m)

Jdlogm Odlogm
2B00rt
— 14 Bk +A ﬂzkm’ (4.13)
W
fork=1,---,m. ' ,

The compensated price elasticities can in the present case be interpreted as referring

to compensation made in terms of real income. They are given by, &,{=1,---,m,

Tkl = Tkl + MeW
s Kl ‘
= —Kg+uw+-— (4.14)
. Wk

In the present study real expenditure variables are used in describing the Engel curves
of the model (4.11). These are defined by substituting the Stone price indices for the
theoretically correct A(q) indices. The approximation produces an error to the real
expenditure term which has been calculated in case of the standard AIDS -model by
Pashardes [1993], and Suoniemi [1990]:

1 .
log Ps —log A(q) = 5 log q"T'log q + (m — log A(q))B; log q + eTlogq? (4.15)
Llog ¢"T'log g + (m — log Ps)BT log g + e” logq

= 4,
1-B{logq (416)
Above we have have used the self-explaining vector notation,
w(g,m) = a+ Tlog g+ mpPy +m*B; +., (4.17)

and have denoted /i = m — log A(q), in this simplified case with g, = 0.

3 Apologies for the alternative notation which earlier has been reserved for §.
4Note that the formula 4.11 relates to a consumer with ”median taste”, i.e. the case where individual
error terms ¢; reflecting individual taste differences have been set to zero.



Pashardes’ formula (4.15) gives an omitted variable to the R.H.S. of (4.17), recall that
/32 = 0, ‘

1
(log Ps —log A(¢))51 = (5 log q"T'log q + (m — log A(q))AT log q + €T log q) B (4.18)

Pashardes [1993] has observed using the standard form of AIDS that the estimated
own price and the cross-price coeflicients are positively biased if the commodities involved
are either both necessities or both luxuries, i.e. A3 > 0. In the opposite case, the
adding-up condition ensures that the other cross-price coefficients are understated in a
similar fashion. Furthermore, he argued that the bias is more severe if the elasticities
are estimated using micro data rather than aggregate data.

This can be seen by starting with (4.15) and rearranging the elements in the corr-
rection vector (4.18) to get a new ’coefficient matrix’ for the vector of price variables,
for example (m — log A(q)) ( T log q) B = (m —log A(q)) (ﬂlﬁlT) log g. The needed re-
sult can be (informally) motivated by assuming m — log A(¢) > 0, and arguing that the
coeflicient matrix I' gets estimated in terms of original parameters as

. 1 T
f=T+4 (gf“log a4+ (m —log A(q))ﬂq) . (4.19)

The notation on the R.H.S. of the above formula which refers to variables corresponds
here to some mean values in those variables.

If the substitution effects are low, log ¢’T'log ¢ ~ 0 and the first correction term in the
R.H.S. of (4.18) vanishes. Pashardes calculated a simple modification to the estimates
which he found out to be empirically adequate in calculating the uncompensated price
elasticities. In fact, the modification in (4.19) corresponds to (4.12) where one substitutes
the Stone price index for the theoretically correct A(g) indices before derivating the real
expenditure part of the formula (4.11), with #; = 0. In matrix notation,

Oi(q, m) & s o.T
_—6logq = I'- 4w (4.20)

= I'-4 (ﬂ) — (m —log A(¢))B1 — %I‘Iog q)T. (4.21)

Dropping out the last term in the parenthesis on the R.H.S. of (4.21), recall that
logg"T'log ¢ ~ 0, produces almost exactly the ’theoretically correct formula’ which is
based on (4.6) and is using A(g), with no quadratic term in the real expenditure variable,
and is given by

B b g () (m — log Ala))B)T (4.22)

dlogq
The fits of the two models @, and @ are likely to be quite similar. In the standard

AIDS -model the Stone index formula (4.12) and the ’theoretically correct formula’
(4.22) differ by the term (m — log A(¢))$187, which is given in the ’correct parameters
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and variables.” One can argue that the price elasticities are estimated more accurately
in the former case as opposed to using the full nonlinear formula with ’biased parameter
estimates’.

Note, however, that the parameters f; have a tendency to have biased estimates.
Start with the formula that we prefer (4.16) to develop the analysis little further on
from the point where Pashardes [1993] concludes. Next add the corresponding omitted
variable to the R.H.S. of (4.17), and in contrast to the previous case recombine the
corrrection term with the real expenditure variable which is written with the Stone price
index.® Similarly, as before one can argue that the coefficient matrix I', and vector 3,
get estimated in terms of the original parameters (and the means in variables) as,

T
' = T+ rjﬁlﬁc;g—ﬂl ( I'log q) , (4.23)
N 1 .
b = Wﬁl- (4.24)

The estimated parameters ﬁl are biased away from zero (inflated in absolute value) if
BF log ¢ > 0. Substitute (4.23) and (4.24) into the ’theoretically correct formula’ (4.22)
to get an estimate which is obtained by using the biased parameter estimates

(g, m)

1 T
e ﬁmm( - (m—log A(¢))f — 3Tlogq) - (425)

The bias in (4.25) in relation to (4.22) which is calculated with the correct parameters
is equal to

__Bllogg
1—-pTlogq

For comparison, consider the formula (4.20) which is based on the Stone index, and
substitute in the parameters I', and f;. Because (4.20) and (4.22) differ by the term
(m —log A(q))157, the followmg term is subtracted from the above bias (4.26)

m —log A(q)
(1 - pf logg)?

This is again positive at those indices where the commodities involved are either both
necessities or both luxuries, i.e. BBy > 0. If the ’Stone index formula’ (4.20) is used to
calculate the cross price coefficients the bias is in this case diminished compared with the
‘true formula’ (4.22) if the corresponding element in (4.26) is also positive. We cannot
provide any formal proof that would show whether the calculation of the price coefficients
by either the procedure implicit in the Stone formula or (4.22) would dominate the other
even if we allow for a low value in the term, 8 log ¢”T = 0. The sign of the component

6, (15— (m — g A(0)8 ~ STloga) +B: (STlogq) . (426)

BT (4.27)

5This modification is motivated by the fact that in the micro data it is reasonable to expect much
higher sample variation in the real expenditure variable rather than in the price variables.



elements given by (4.26) is partly determined by the sign of the expression A{ logg.
On the other hand, the sign of the elements in 5 (% — (m — log A(q))ﬂl)T = pfal is
determined by whether the good involved by the row is a luxury, i.e. f3; > 0, or a
necessity, and whether any amount of the good invoved by the column is consumed at
the 'minimum level’ of real expenditure that the model allows, i.e. «; > 0. One would
expect to have ’smaller’ parameters « for the necessities than for the luxuries where the
Engel curve is downward sloping. If both goods are luxuries, S;c; > 0, and 8, logq” < 0
the ’Stone index formula’ may give estimates that have a smaller bias.

If the expenditure elasticities do not differ too much from one the individual elements
in (4.27) are quite small, and in this case the two formulas give practically identical
results.

If compensated elasticities are calculated using the Stone formula (4.14) the biased
estimates 3, cancel out in calculations. Therefore, (4.19) suggests that the estimates
we obtain are quite accurate since as they are calculated referring to compensation in
relation to real income, they directly involve only the matrix r

2 = —I+4ew” + DV,

where D refers to the diagonal matrix with the vector of diagonal elements given in the
argument, e is a vector of ones, and

I'=T+ (m—log A(¢)B: 57 + %ﬁl log ¢7T. (4.28)

The matrix I' differs from the correct component only by the last term which is
expexted to be approximately zero. If the theoretically correct formula’ (4.22) is used
to calculate the compensated elasticities we in fact add the component (4.27) to the
formula. In this case one would expect the bias to increase.

In our opinion there remains, however, another potentially more severe problem
towards biased estimation if the observed budget shares are used in the calculation of
the Stone price index. This a reason why we do not leave out the error terms ¢ from
the above formulae (4.15)-(4.18). In this case the explanatory variables related to the
real expenditure and the disturbances are no longer uncorrelated and one obtains biased
estimates. Therefore one should instrument either the budget shares in the Stone price
index or the composite real expenditure variable. The latter is customarily done (also
by Pashardes) in the UK studies.

If the quadratic term in (4.11) is included the formula (4.15) gets involved

log Ps —logA(q) = (m —logA(q))f] logq+ (m — logA(q))*B; logq
1
+ 3 log ¢"T'log g + €7 log q. (4.29)

where we have used the full formula (4.11), in this case 8, # 0.
Substitute in the R.H.S. of (4.29) m—log Ps—(log A(q)—log Ps) for m = m—log A(q),
to obtain

log Ps — log A(q) = (2(log Ps —log A(q))(m — log Ps) + (log Ps — log A(q))z) BT log q
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1
+ Bi logg(log Ps — log A(g))5logg"Tlog g + " log g
+ (m —log Ps)AT log g + (m — log Ps)? AT log q. (4.30)

The above formula defines a quadratic equation in the variable log Ps —log A(g). One
can solve it for the positive root but in this case one cannot form a solution for the
correction without the square-root term present.® This means that the development of
the analysis along the lines of the standard AIDS-model is out of our reach.

Similarly as before the formula (4.30) gives an omitted variable to the R.H.S. of (4.17),
equal to

(log Ps —log A(q))8r +
B3 log g (2(log Ps — log A(g))(m ~log Ps) + (log Ps —log A())?) B, . (4.31)
Return to considering the full QAIDS-model (4.6), and calculate the elasticities in the
case where one reiterates the effects of the estimated A(¢) component, parameters o and

~ all through the real total expenditure term in the original formula. This corresponds
to the ”theoretically correct formula” which is based on (4.6)

Vit — (Brk + 2(Bak + Pix) Ba(q)m) dlog A

Wi,

Mt = —Kp+

B21(Bax + Bik) B2(q)™?

Wy,

-+

(4.32)

where

dlog A = wi(q,m) — Bum — (Ba + Bu)Ba(q)m?.

for k,l=1,---,m, and m = log(M/n) — log A(q).

The corresponding Stone formulae for the expenditure elasticities are given previously
by (4.13). In contrast, the "theoretically correct formula” for real expenditure retains
the component B;(q), and is given by

14 Bix + 2(Bak + Pir) Ba(q)m

Nk " ) (4.33)
W
fork=1,.--,m.
The compensated elasticities have a rather complicated formula

il = —Kg+ W (4.34)

L + (Bue + 2(Box + Pix) Ba(q@)m) (B + (Bar + Pu) Ba(q)m) m

Wy,
B =2
n Ba(Bar + /i;k) 2 ()™ ’ (4.35)
k

5Details are available upon request.



for k,l = 1,---,m. Naturally the corresponding ’Slutsky -matrix’ is a symmetric one’

but if the term Bs(q) is not allowed for in the calculations, see the last row on the R.H.S.
of (4.35), the ’simplified version’ of the Slutsky -matrix is no longer symmetric.

The elasticities of our model are not constant but depend on the values of the other
covariates. Because we have many complicating covariates in the models it is clear
that elasticity calculations and examination of results should be done in a multivariate
framework. The empirical advantage of using flexible representation for functional form
is that untenable restrictions on behaviour are avoided. This is in stark contrast to
using rigid forms like the LES or CES which are internally consistent but less fortunate
in the particular assumptions entertained. In these cases, for example welfare improving
directions for tax changes are governed almost entirely by the properties of the theory
model and not necessarily those in the data.

In (4.11) we have implicitly introduced random disturbance terms ¢, as additional
components of the «.® If the system of equations is estimated conventionally, say by
the SURE-method all the equations contain the same set of explanatory variables and
the linear system defined by (4.11) is just identified. Therefore the results are identical
with an equation by equation treatment by OLS. Homogeneity restrictions (4.3) can now
be tested by OLS, separately in each equation. In contrast, the symmetry restrictions
(4.10) involve restrictions across equations and resort to a proper application of SURE
(or 25LS, in case of endogenous regressors) is needed. The gains associated with flexible
functional forms are achieved at the cost of the increased computational burden of more
complex and less parsimonious models. Furthermore, since the models are based on
local approximations they are completely giving up global regularity in functional form.
Therefore concavity of the expenditure function cannot be guaranteed globally by linear
restrictions of the parameters.

The above modifications are standard in empirical work and the former may be seen
as a necessity in the case of analyzing micro data, see Deaton [1986]. Introducing de-
mographic variables to the parameters oy in the QAIDS allows for exact aggregation

?In the present study the ’Slutsky -matrix’ is defined as D(u‘))é, where the matrix = consists of the
compensated elasticities.

8These terms gain in importance if one proceeds to welfare calculations with a well-behaved estima-
ted expenditure function. These explicitly involve distributional characteristics, since various relevant
concepts, e.g. equivalent and compensated variation, King {1983], and the society’s standard-of-living
and welfare indices, as in Suoniemi [1994], are nonlinear in relation to the stochastic disturbance terms.
This necessitates some modifications that are needed in empirical calculations to guarantee that the
distributional features of the original data survive the smoothing implicit in the econometric estimation
of the parameters of model (4.1). King [1987] recommends that the (or a fraction of them) residuals
of estimated budget share equations, eg. wyk — Wnr = €nk in (4.6), are taken to represent the indivi-
dual characteristics of the micro level household reflecting eg. differences in preferences or in household
production and not errors in collecting the data. These residuals are then taken as such to represent
differences in the oy terms in (4.1). A preferable method would be to endow the ’errors’ with the
distributional features of the data and characterize them with some distributional assumptions, eg.
ex ~ N(0,0}) in agreement with the data and not to condition on the particular sample available. The
variance component may naturally be heteroskedastic if necessary for realistic representation of the data
as deemed necessary in our data.
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over consumers, if the coefficients 4y and those present in the zero-order homogenous
price functions, B; and B, are independent of the above characteristics, see Lau [1982]
and Gorman [1981]. In the present paper we proceed a step further allowing the com-
ponents of the By function, i.e. the parameters 81, to depend on a set of household
characteristics.” Note that this extension of the model effectively allows exact aggrega-
tion only within those subgroups where the slope variable has a constant value. These
subgroups are implicitly defined by the choice of the latter factors.

4.2 FEconometric model

The statistical-econometric sampling model of the data has been endowed with the fol-
lowing features. First, one accounts for data imperfections encountered in collecting

the consumption data. An important problem concerns the error free measurement of -

the various subcomponents of consumption. In particular, in equation (4.11) total con-
sumption expenditure should correspond to the theoretical concept which is exogenous
to the decision how expenditure are distributed among the component categories rather
than to the error prone actual expenditure measure which reflects the relatively short
bookkeeping periods used in collecting the actual data, see Section 3.1. For example
one observes plenty of zero purchases occurring for some items and other similar data
imperfections (Table 3.3). This point has been argued already by Summers [1959] and
is likely to be particularly important in cross-section work where occasional large purc-
hases affect both sides of the Engel curve, see Deaton [1986]. At the individual level one
should observe that there is a positive correlation between total consumption expendi-
ture in a bookkeeping period and recording of purchases of individual items which has
unpleasant implications for econometric estimation. One would expect to find too strong
positive response of demand for an individual consumption category to total expenditure
but with several regressors which are not mutually orthogonal the sign of the bias is no
longer a priori known.!®

We treat nominal total expenditure similarly as in an ’errors-in-variables’ problem and
utilize a two stage estimation procedure (EQML) which is related to the conventional
method of instrumental variables. The variable is projected on a subspace spanned by
a set of instruments to form a conditional expectation. Furthermore, total expenditure
should correspond to the conditional expectation which is the solution for an intertempo-
ral optimization problem where the household uses information efficiently in forecasting
the future values of all relevant variables, see Bierens and Pott-Buter [1989]. The condi-
tional expectation which is used to formulate the outcome of the dynamic consumption

9Blundell, et.al. [1993] have shown that in micro data both nonlinear terms in the expenditure
variable and interaction terms involving the real expenditure are empirically important. Their functional
form, however, did not allow for the coefficient of the second order term in total expenditure, B5; to be
free to vary across the consumption categories.

10Because, we estimate the demand equations in budget share form where the purchase is divided by
the errar-prone component the bias would be somewhat milder and even in the case of a single regressor
its sign is undetermined. Nevertheless, it will still remain to be a problem.



decision is taken relative to prices, interest rates, household composition and indicators
for wealth variables. One should also include variables correlating with human wealth
and labour market conditions. We consider these variables as predetermined and not
outcomes of a simultaneous intertemporal optimization decision.

In contrast with the conventional method of instrumental variables that is used by
Blundell et. al (1993) we prefer to use a richer set of explanatory variables, i.e. those
variables that span the subspace on which the projection is taken. Similarly we allow
for nonlinearities and time varying parameters in the six surveys present in our data.
Calculating six regressions rather just one it is hoped that a ’better fit’ is obtained
since the consumption functions obtained by conditioning on the available instruments
may drift over time due to changes in labour and credit markets. These in turn affect
the dynamic economic environment where consumption decisions are made. Following
Bierens and Pott-Buter we replace total expenditure and variables that are functionally
related to it by the conditional expectations that are estimated at the initial stage of
estimation. ’

These modifications are particularly important since we are not using instrumental
variables method in its conventional form where errors in the endogenous R.H.S. variables
are only assumed to be uncorrelated with the instruments but we in effect use a multi-
equation structure and estimate a preliminary model for the parameters governing the
conditional expectations for those variables.

Theoretical motivation for our EQML method is provided by the following examina-
tion where we use a streamlined version of our model to examine the effects of including
in the model generated regressors in the sense of Pagan [1984], i.e. preliminary esti-
mates for the parameters 1/; rather than actual parameters ¢ governing the conditional
expectations. This is done by modifying the error term in the model successively. He-
re we neglect the effects due to modelling heteroskedasticity to keep the presentation
managable and return to the latter aspect in Chapter 5.

Consider a system of equations where!!

yn = p+ By +er, (4.36)
oh = zh 4 =27+, (4.37)

where the variances of the error terms ¢}, and 7, are o? and w?, respectively. The
error terms are assumed independent of the z-variables and uncorrelated both across
observations & and across equations.

To simplify exposition we assume that ¢} is normally distributed and the parame-
ters of equation (4.37) can be estimated square-root N -consistently by OLS, having
asymptotically normal estimator 4, with the covariance matrix

-1
NV; =w? (% 3 22l ) : (4.38)

110One of the first to consider setting up the errors-in-variables problems in this way was Durbin [1954],
see also Zellner [1970].
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Assume

1
plzm .]VEZé = fz, (439)
1 V!

Substitute the generated regressors, i.e. the smoothed, fitted values zf'4 for the true
values z} into (4.36) to obtain

yh = p+PzA+er+ Bzl (y—%)
= 4+ fan+ un, (4.41)

where #;, = 2} 4 and the new (asymptotically normal) error term uj has the variance:
Vi = o? + rBZV:Z'h
= o’ + Bz Vi
-1
= o4 ,Bzwzz,j; (Z zzzzT) Zh. (4.42)

Write the estimated quasi loglikelihood for an individual observation % on the depen-
dent variable, in our case budget share, as

~2

5 1 U
Ly = ~3 (log(Vh) + —V;) ) (4T43)
G = yn—p— P

with Zj, and V}, given previously.
Note that

iy, = &y — B(ih— 1)

-1
er — Bz (Z ziziT) szn,'. (4.44)
i F)

The first derivatives of the above quasi log likelihood equation are given by:

oLy, i

5 = (4.45)
8Ly  dniy @ 1
o= By, (v“,z‘vh , (4.46)

ak,  1{@t 1



Summing over the observations and solving for the F.0.C’s gives the estimating equa-
tions:

% ﬁ:ﬂ, (4.48)
h

N I« Vs, (@4

1 = piy Ve (4 1.49
v - wewmln ) (449
R |
1 = 0 (4.50)
N

Consider first the method of instrumental variables. In this case the corresponding
equations to be solved for estimators are:

1
— u, = 0 4.51
N ;uh ’ ( )
%;mm:o, (4.52)
1 ~2 2 2
N Z (uh - — ﬂ Vih) = 0. (4.53)
h
In matrix notation the estimators can be written as
~ ~ _1 ~
pi XTX XTq
" = - 4.54
5] - () & (o0
X = le ],

where e is a vector of ones.
. ~ m . .
As the number of observations N — oo, 4 5 4 (convergence in quadratic mean).
. ~ qm m qm
Simultaneously ¥, &, &5 ¥, %}, and T £Vs, & 0,and ¥y, #Va © o Furthermore,

-1
St = @ T (Sad) n
3 h i
-1
witr ((Zz,z?) ZzhzZ) = wr, (4.55)
i h

1
plim—ﬁVar(Z #) = JAul0 'y, (4.56)
3

I

The sum (4.55) is bounded and independent of N, the number of observations in the
data. Above r is the number of explanatory variables in (4.37).
Note that £, ixZn = —Bw?r. This produces some small sample bias to the instru-

mental variables estimator, see (4.52). However, asymptotically under standard assump-
tions, see (4.39)-(4.40),

Eh: -\%—Nﬁh 5 N (0,02 + ﬂzwz,qu“,uz) , (4.57)
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1
—=ipdn S N(0,(c? + )y Cy), 4.58
3 TR (0,(% + B*)47C7) (4.58)

1. I .. p 2 2 T
— —u;% — (0 + Bw . 4.59
To see this write in vector form @ = ¢ + P,y, and # = P,z = ZTy + P,n, where P, is
the projection matrix to the column space of Z.1?
The above equations, and (4.54) can be used to derive the asymptotic covariance
matrices of the instrumental variables estimators for u, 3, cf. Pagan [1984],

2 2,.,2,Tr—1 2 2, N\.T
- M1t ° + B, C M, (02 + f2®)y" pe 1
Nvﬁqﬁ - [ (0-2 + ﬂ2w2)7Tﬂz (0.2 + ﬂ2w2)7T07 M N (460)
1 7Tﬂz ]
= . 4.61
[7’% 7' Cy (161)

Return to considering the quasi maximum likelihood estimators. Equation (4.55)
shows that the term V;, is of low order compared to the other component, 2 in V.
Therefore, the term on the R.H.S. of (4.49) has a probability limit zero and by modi-
fying the F.0.C. accordingly one easily sees that the scores of the quasi likelihood have
probability limits zero. Furthermore, the estimation of the parameters 8, and g by the
method of quasi maximum likelihood can be seen as differing from the method of instru-
mental variables as using weighted least-squares by weights V!, or having the individual
variables divided by +/V;. This produces potentially a more efficient estimator than the
method of instrumental variables. In fact inspiration for the guasi likelihood estimator
was offered to us by similar two step estimation methods which have been proposed for
simultaneous equations Tobit model, see eg. Amemiya [1983]. In matrix notation our
estimator can be written as
[ i ] B ()"(Tﬁ-l)?)‘l XTh 4

> (4.62)

®

X = le 1],

where e is a vector of ones, and D is a diagonal matrix with terms Vj, on the diagonal.
The covariance matrix of the estimators is given by

()ZTﬁ"IX)‘l XTD 14 ()”(Tﬁ-lff)‘l
vﬁ = N O'U( ’

. ¥ 7 (4.63)

NV,

i

where the covariance matrix in the middle can be calculated as in (4.57)-(4.59).
On the other hand, recall that the term V;, is of low order compared to the other
component, 0% in V,. Therefore, asymptotically, plimD = a*I, or to be more exact all

12The notation ¥ > A, refers to the weak convergence in the space of probability distributions

defined in the Euclidean space. The notation z, Lie= plim z, = a, in turn refers to convergence of
random variables in probability.



sums that involve dividing by V, can be replaced with division by o%. This shows that the
asymptotic covariance matrix is equal to the matrix which is produced by the method of
instrumental variables and asymptotically the method of quasi likelihood is square-root
N -equivalent with the method of instrumental variables. This is no surprise since it can
be shown as in Pagan [1984] that if the extra variables in the equation (4.36), in our
simple example the constant term, are either orthogonal to the z-variables or are in the
linear subspace spanned by the z-variables then the method of instrumental variables
(and EQML-method) is also asymptotically equivalent with the full maximum likelihood
estimator. Therefore, any efficiency gain of EQML vis-a-vis the method of instrumental
variables is produced only in small samples. Furthermore, in our estimation exercise the
EQMUL-method utilizes the common restrictions that accrue from using on the R.H.S.
interaction terms involving predetermined variables and a common error-prone variable,
see (4.72) below.

We can alternatively calculate the covariances of the EQML-estimators for the para-
meters by forming the information matrix to get the the asymptotic covariance matrix of
the p, B parameters. Note here that the scores of the quasi likelihood are not independent
as in the case of proper likelihood. Therefore, one cannot use the equation

o1 oLy oLy _ . 9L, 8L,
IgygT = lszS (zh: WW) = (28 ET 30T (464)
since the last equality does not hold but instead one has to calculate the components:

_ 1 oL 1 iy
IM,M = Ng (8_/1) Var (Z \/_‘/h)
(62 + Bw2pTC1p,)

= 042 , (4.65)
oL oL 1 @, 1 @,z;
I = l —_ = _— —_—
o =t (5 25) (AT
(0 + B2 uly

_ § (4.66)

0-4
_ L L _ 1 @ 1 a2 -V\
Tyo» = lm s(a 60—2)_8(2,; th}:m 7 >_0, (4.67)
L oL 1
3ﬂ3,3) Var(h
2 2 TC
- (0' +/3w)'7 '7’ (4.68)

ot

ac oL 1 uhxh 1 fﬁ — [’i
T g2 = lm—é' = E E U
s ’ <6ﬁ 0 2) ( V [‘h B 2\/ N [','2

_ _BatS? , (4.69)

o6

Iﬁyﬁ = lzm E(
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1. (3L oL 1 @~V
I<72702 = l’lm—l-v—g (5;38—0_—2)—‘/047‘ (;m %2 )
1
= o (4.70)

The square-root N -consistent covariance matrix of parameters g, and J is in this case
calculated by finally invoking the inversion formula for a partioned matrix.

-1
NVﬁﬁ = (Ig,e — Il;gl’og 2y o2 Ioz,g) , (4_71)

where

Too = Iu,u Imﬁ
’ Zop Zpp |’

e = [22)

This is naturally equal to the covariance matrix which was produced earlier.

Consider a more general case where i is a linear combination of predetermined expla-
natory variables and estimable parameters. It can be shown as in Pagan [1984] that if
these extra variables are either orthogonal to the z-variables or are in the linear subspace
spanned by the z-variables the above EQML-method is also asymptotically equivalent to
full maximum likelihood estimator. This can be shown by invoking the inversion formula
for a partioned matrix which corresponds to (4.71) above.

In our estimation exercise the necessary modifications involve several aspects of the
model into which we now delve into. Recall that real expenditure terms are in this study
defined by using Stone price indices and not the theoretically correct A(g) indices (4.11).
Our earlier observations and those by Pashardes [1993], and the necessary modifications
to the calculation of the elasticities, (4.15)-(4.28), suggest that using the Stone price index
in micro data as a substitute for A{q) means that the uncompensated price coeflicients get
estimated more inaccurately. In our opinion there remains, however, another potentially
more severe problem towards biased estimation if the observed budget shares are used
in the calculation of the Stone index. The nature of the bias is dependent on how the
disturbances of the statistical model are generated. They may reflect the individual
effects of consumption or simply sampling errors, probably both. In both cases the
explanatory variables related to the real expenditure and the disturbances are no longer
uncorrelated. Therefore we choose to instrument the budget shares in the Stone price
index used in forming the real expenditure measure.'®

At the second stage of our two-stage estimation procedure we substitute for the actual
values in our model the fitted values of real expenditure.!® Specifically, let f1; = 3_; Brriz:

13Instrumented values are truncated below at zero and the fitted values for the other budget shares
are proportionally adjusted so as to sum to one in cases with negative values of individual fits.

14Below we will be implicitly utilizing the assumption that the parameters for the conditional expecta-
tion of the real expenditure variable are square-root N -consistently estimated with a set of instruments,
where N refers to the number of observations.



define the dependence of parameters 3; on some predetermined variables. Assume that
measured logarithmic nominal expenditure log M ~ (m*,02) where the "true”, theore-
tical concept is governed by a linear model m* = 3; 2;4,,; which are estimated in the
initial stage. Similarly, w; = 3°; z;91;, giving log Ps = 37, 32, 2;4i; log 1. To simplify sub-
sequent notation let total real expenditure be defined in short-hand by m* = ¥, z;1;.1

The error-prone components f1xr are replaced by their conditional expectations in
relation to a set of exogenous variables,

E(Brxmhlz, z) = Z PrriziE(|z, z) = Zﬂxkiwi Zzﬂl’j- (4.72)

The last equality in the sequence (4.72) is based on the observation that it seems always
beneficial to include the predetermined variables z; among the set of instruments, {z;} C
{#;}. In contrast, Blundell, et.al. [1993] estimate each of the variables z;7 separately by
instrumental variables. Since z; are assumed predetermined, (4.72) indicates that our
method should be a more efficient one.!®

Next one must take account at the second stage that we are using generated regressors,
i.e. preliminary estimates i rather than actual parameters . This done by modifying
the error terms in the model successively, see (4.38). First,

€1k = & — Zﬂlkiwiuw
= & — Zﬂlkﬂ’i 3" 2i(; — i), (4.73)
1 J
with the expectation and the variance
E(én) =0 (4.74)
(&) = b+ (X Bumi) T cov(s, )z, (4.75)
i ]

under standard instrumental variable assumptions.

The estimated covariances of those parameters estimated at the initial stage are uti-
lized at the final stage to guarantee correct inferences in the final model. Recall that
Pagan [1984] has shown applying an earlier result by Durbin [1954] that in a linear model
with standard instrumental variable assumptions, including the predetermined variables
of the model z; among the set of instrumental variables, {z;} C {;} ensures an asympto-
tically efficient two-stage estimation procedure.!” However, the covariances of parameter

15Note that this includes the influence of the preliminary fit for both the nominal expenditure and the
budget shares used in the Stone price index. In order of not making an already rough going unnecessary
complicated we will not present for full derivations below. Details are available upon request.

16This should be obvious, particularly in the case where the predetermined variables z; are dummies
since zero observations that are the result of multiplication of real expenditure with the dummies are
’structural’ and should not be modelled.

1"The second term on the R.H.S. of (4.75) tends to zero asymptotically under standard assumptions.
Asymptotic efficiency is therefore not affected whether it is included or not.
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estimates are estimated biasedly. Our modification (4.75) is made to prevent this from
happening, see (4.65)-(4.70).'®

Furthermore, since there is a quadratic real expenditure term in the model one must
allow for the calculable bias in the estimation of the squared term m? and correct for it.1®
By the well known formula, £y? — Var(y) = (£y)?. Therefore, one substitutes for /m? in
the R.H.S. of (4.11) a variable that is based on the corresponding fit of the conditional
expectation using preliminary estimates zﬂ,

Bar(i* — Var(n)) = Bz ((Z zt;) ~ ZI:COU(K/;J‘, '(ZI)Z;‘Z]) : (4.76)

In contrast to the above equation Blundell, et.al. [1993] and Riiheld and Sullstrém
[1993] apply instrumental variables to 7?%. In effect this assumes some degree of hete-
roskedasticity in observed values of logarithmic total expenditure. We chose to ignore
heteroskedasticity in instrumenting 7 at the expense of a possible loss of efliciency in
tﬁj. Instead we use the existing functional relationship between 7n and m? to get com-
pensating efficiency gains at the second stage of estimation.?

Similarly as above the disturbance term of the model so far (4.73) gets modified
further to

e = Enp — Bk

1k — Bk ((E 2ii)? ~ (3 zii)? = S cov(dh;, 151)21'21) o (4TT)
; 7 i

with the expectation £ (ug) = 0.

The necessary modifications in the variance of the augmented disturbance term are
postponed until we consider a supplementary variable which is introduced to test our
model for an early and interesting 'relative income hypothesis’ in consumption behaviour
which was originally put forth by Duesenberry [1949], see Section 6.1. To examine these
ideas we introduce a positional variable into the model. The variable is the signed
distance of the household from the median consumer. The median is estimated using

18Because the final form of our model is a more complicated one, full efficiency is not guaranteed by
this modification.

1911 writing the final version of the report we were delighted to find an article by Hausman et.al [1995]
where distributional properties of the endogenous R.H.S. variables, or their higher order moments, are
used to estimate the parameters in an errors-in-variables problem, having analogy with our methdod.
This problem is conventionally solved by the use of instrumental variables estimation, and Hausman
et.al [1995] comment that the former method ”has only rarely been used by econometricians.” In the
present case, we have several generated regressors sharing common preliminary estimators 1 rather than
actual parameters ¥, and we use the distributional properties of the estimators (normality and the four
first moments) to develop the analysis. Note that if estimators are used the conditions for asymptotic
normality are considerably less sensitive to the distributional properties of the variables measured with
error relative to the case where distributions of the variables are to be used.

20Tn addition, it seems that Blundell, et.al. [1993] obtain slightly biased t-values since covariances
between the instrumented fits are ignored in the process.



the population mean of logarithmic total expenditure which is adjusted for the size of
household. The variables are based on instrumented values and the mean is calculated
separately for each sample year available.?! Hirdle and Jerison [1988] have found that
Engel curves are more stable across cross-sections if they have been normalized with
mean income. This should give some additional credence to our choice of the auxiliary
variable. Specifically, introduce to the R.H.S. of (4.11)

Br( = Y w(h, t)im(k)), (4.78)
h

where w(h,t) are the sampling weights for the survey year ¢,¢ = (k) in which the
corresponding observation, & is collected, Y-, w(h,t) = 1, with ¢ fixed, V ¢t = 66, -- -, 90.
Similarly the disturbance term of the model (4.77) is modified further to

€ar = &k — Bre(ure — uak)

Eak — Pri (Z 2i(the; — i) — ;w(h,t) > 2;(h) (s — ‘Pu‘)) . (4.79)

with uq defined earlier (4.73), and the expectation & (ua;) = 0.2

The variance must also be modified. Note that we must account for the covariances
between the terms wy, 7 = 1,2,3. Collecting all the covariances that are not zero one
gets,

E(E) = (1) + 050G + Bl (Eh) +E(udy) — 200v(urr, uar)
+ 280 3 BukiziCov(urk, uak) + 2Bk 3 Buws (E(uly) — Cov(uar, uzi))

k3

+  2BakBrk (Cov(ugk, urx) — Cov(ugs, usk)) . (4.80)
The £ (¢%,) is given by (4.75). In calculating some terms above, higher order moments

of ¢; are needed. We resort to asymptotic normality of parameter estimators to calculate
the third and fourth moments,?3

5(“§k)

42, (szw,b,-) +2(o2)’, (4.81)
E(uin) = Y cov(dy,h)ziz, (4.82)

7l

%INote that since we calculate total expenditure using a rough equivalence scale (Section 3.2.3),
we should arrive at a more reasonable outcome than by utilizing unequalized values of expenditure.
Furthermore, the mean of logarithms is in our case quite near the median because the distribution of
logarithms deviates only slightly from normality.

22[n the above formula we have explicitely written the parameters ¥sj as depending on the survey
years, t = 66,--.,90.

23Asymptotic normality holds under relatively weak additional conditions to those that guarantee
convergence in quadratic mean.
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CO’U(ulk,u;}k) = ECO’U(’QZJ‘,I/;()ZJ'E[, (483)
I
Cov(uik, uak) = 205 2P, (4.84)
J

where o, = i cov(;,%1)z;z1, and z; = ¥ w(h)z;(h).

Finally, we allow for heteroskedasticity in the disturbances &x. This is done in a simple
and economical but simuitaneously in a relatively powerful way by connecting the fit of
the budget share equation and the corresponding variance of the error by a functional
relationship that is governed by a single estimable parameter é; per equation,

o} = exp{bos + Sracir}. (4.85)

Furthermore, we account for the sampling structure and data collection methods which
vary between the surveys, see Section 3.1. This is done by estimating a time-varying
variance component, and letting the parameter 6ox to depend on the survey year {,
t = 66, --,90. The procedure has a natural counterpart in the ordinary random effect
approach to modelling real panel data. We modify our subsequent notation to reflect
this.

Note that by ignoring the use of generated regressors in the case of the logarithmic
total expenditure variable and its square term one necessarily introduces heteroskedas-
ticity to the model in finite samples. The above modifications in the equation error term
(4.73, 4.77, and 4.79) account for these effects. Therefore assumption (4.85) is done to
account and test for any remaining heteroskedasticity.?? One may motivate the func-
tional form in (4.85) arising from an approximation at mean of a stochastic parameter
model, where oy = Y, ag;x;, with stochastic parameters o; and a set of exogenous
omitted variables z; that are unknown to the modeller. Furthermore, demand models
that are estimated using cross-section data generally assume that the households face
the same prices everywhere. Ignoring spatial variation in prices is not necessarily a good
assumption, see Deaton [1987]. If there is random variation in prices the budget shares
which are obtained by differentiating the now stochastic logarithmic expenditure func-
tion w.r.t. logarithmic prices have inherent error terms which have variances that are
functionally related to the derivatives of the expenditure function.

Because the induced disturbances at the second stage of estimation have a relatively
complicated structure we choose to use the quasi maximum likelihood method to estimate
the parameters separately for each equation. The quasi loglikelihood for an individual
observation % on budget share wpk, conditional on the exogenous variables, is given under
the (quasi-Jnormality assumption as

~ 1
Lw = —5109(0t2hk)

24The heterogeneity is connected to the term « rather than to the whole R.H.S. of (4.11) for reasons
of convenience. The main reason is that now heterogeneity is connected to the exogenous part of the
model.
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P l:’whk — Qpg — Z’Ykl log g1 — Z Bikihi Z P

20} Othk

- B (Z 2hitei — Ew(h,t)zzhﬂ/;m’)
7 h 7

- B ((E i)t — 3 cov(Pyj, '/;tl)zhjzhl):l . (4.86)
J i

Summing (4.86) over observations gives the criterium which is maximized w.r.t. the
estimable parameters o, 3,7, and & to get estimates at the second stage.?® Above the
parameters ap; are allowed to vary in relation with a set of exogenous variables ay; =
>; ckjzni. The index ¢ above refers to the survey which the observation h belongs to,
t = t(h), and t = 66,---,90. This is used to define the median household which is used
as the reference level on the third row of (4.86).2% Similarly, the price variables log g
are dependent on the time period 7 when the observation is collected, 7 = (k).
The variance term of the model (4.86) is given by

exp{dokt + Skactni} + (X Buizni)® Y cov(he, Yu)zaizu
; 7l

‘ftzhk
o€ (uze) + Bl (S(ufk) + &(uz,) — 2Cov(uag, usk))

+ 2B Zﬂllnzzcov(ulka Ugk) + Qﬂmzmkﬁh ( (uli) — Cov(ug, Usk))

+ 2ﬁ2kﬂrk (Cov(usgk, u1x) — Cov(ugk, usk)) , (4.87)

+

where the terms referring to the auxiliary variables ujz, 7 = 1,2, 3, are given in (4.75)-
(4.84).

4.3 Imposing adding-up and symmetry restrictions
on estimators

The estimation method that we use is relatively complicated. For example, one cannot
directly impose parameter restrictions across equations as would be needed in testing
for symmetry in the v parameters by. either maximum likelihood or score tests. Furt-
hermore, the adding-up constraints of the model parameters are not necessarily valid at
the estimates that we obtain since in the estimation method the individual observations
are weighted on the basis of their (the inverse of) estimated variance terms. Similarly, if
heteroskedastic models are estimated in an equation by equation manner the method of
imposing adding-up by simply dropping one equation is not invariant to the particular

25All calculations in this study have been made using GAUSS, Aptech Systems, Inc.
%Note that the parameters of the instruments for real expenditure are also dependent on the survey
year ¢, t = 66,---,90.
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equation selected for omission. To preserve invariance we estimate all equations sepa-
rately and calculate instead a Waldian test for these restrictions using the unrestricted
form of model as the base line.

Let the set of linear parameter restrictions be written as a matrix equation Ra = r,
rank(R) = p, where « is a vector that is obtained by collecting together parameters in
all individual equations. The Wald test statistic which has under the null hypothesis an
asymptotic y2-distribution with p degrees of freedom is given by

We, = (R& —r)T (RVRT)™ (Ra —1), (4.88)

where & is the unrestricted quasi maximum likelihood estimator of the parameters, and
Y is the corresponding covariance matrix.?’

Note that in calculating ¥V we assume that estimators are uncorrelated across equa-
tions. This is in effect assuming that the covariance matrix for error terms is diagonal
which is naturally untrue if the error terms have a singular covariance matrix, for non-
singular specifications see Summers [1959], Chavas and Segerson [1987], and Bierens and
Pott-Buter [1989]. We are using actual budget shares to ease interpretation of the es-
timation results. The shares add to one by construction.?® Furthermore, the EQML is
using the same generated regressors which proxy for the theoretical unobserved R.H.S.
variables in all equations. This should also cause some correlation across equations. The-
se points are overlooked here. In full system estimation of the budget share equations
they could have been made use of to obtain more efficient estimators.

Similarly, one can form a linear function of the unrestricted estimators & which sa-
tisfles the constraints Ra = r setting

&=a+ VR (RVRT)™ (r - R&). (4.89)
The above estimator has the asymptotic covariance matrix
Cov(d) =V — VRT (RVET) ™ RV. (4.90)

This covariance matrix is smaller than the one corresponding to the unrestricted esti-
mator &, Cov(&) < Cov(é) =V.2°

One can easily prove that the estimator & is the best unbiased linear transformation
of the unrestricted estimators in the sense that under the null hypothesis it has the
smallest asymptotic covariance matrix in the set of estimators that are linear functions
of the unrestricted estimators & and satisfy the linear constraint Ra = r. Since the

27If R has less than full row rank one substitutes a corresponding generalized inverse for the inverse
matrix in the middle of (4.88).

28In retrospect it may have been fruitful to follow the path of the previously cited authors to the
end by replacing in our model the denumerator by the fitted value of total expenditure, rather than
retaining the error-ridden variable which is merely producing extra noise in the dependent variable, or
modelling directly for the expenditure in the category.

29This is an ordering in the space of positive definite matrices, and 4 < B, is equivalent with B ~ A
is positive semidefinite. h



restricted estimators are formed on the basis of unrestricted estimators in all individual
equations the method has a nice invariance property that other nonlinear models have
to impose by more complicated means. Furthermore, they are asymptotically equivalent
to full maximum likelihood estimators of the system with restrictions imposed at the
outset. The above remarks are made on the previous caveat of assuming that estimators
are uncorrelated across equations.

If the constraint R = r does not hold but instead Ror = r; the estimator & produces

-1
a bias which is equal to VRT (RVRT) (r — r1). Furthermore, one can calculate the
generalized mean square error of the estimator & and it is equal to

Ea—a)a—a)T = Cov(@)+ (£ —a)(fa—a)T (4.91)
Y - VRT (RVRT)"1 (1 = (r =m)(r —m)" (RVE") ’1) RV.



Chapter 5

Preliminary Results

5.1 Preliminary fit of real expenditure

Some of the structural variables of the model are projected on a subspace spanned by
a set of instruments to form conditional expectations of the variables. This smoothing
is made in the study to account for data imperfections encountered in collecting the
consumption data. In equation (4.11) total consumption expenditure should correspond
to the theoretical concept which is exogenous to the decision how expenditure is to be
currently distributed among its component categories rather than to the error prone
actual expenditure measure which reflects the relatively short bookkeeping periods used
in collecting the actual data, for example with plenty of zero purchases occurring for
some items and other data imperfections. Consider for example a case where a good is
purchased at rather irregular intervals that are long relative to the bookkeeping period.
Now whenever consumer’s stock is augmented the purchase of the commodity exceeds
considerably the amount consumed in the bookkeeping period. Similar observations hold
in the negative direction for those who have not augmented their stocks. In the mean
however the consumption is properly estimated if the number of observations is large
enough. At the individual level we, however, observe that there is a positive correlation
between total consumption expenditure in a bookkeeping period and recording of purc-
hases of individual items which has unpleasant implications for econometric estimation.
In effect a random effect is operating on both sides of the Engel curve. We would expect
to find too strong positive response of demand for an individual consumption category
to total expenditure, eg. Summers [1959].1

Furthermore, total expenditure should correspond to the conditional expectation
which in turn is the solution for an intertemporal optimization problem where the house-
hold efficiently uses available information, predetermined variables, in forecasting the

If several regressors are involved the sign of the bias in the coefficient of total expenditure is no
longer a priori known. Nevertheless, it will still remain to be a problem which affects the other estimated
parameters of the model as well. Note that we estimate the demand equations in budget share form
where the purchase is divided by the error-prone component. This may cause the bias to be somewhat
milder and its sign is unpredictable even in the case of a single regressor.

59



future values of all relevant variables, see Bierens and Pott-Buter [1989] The conditional
expectation is taken relative to prices, interest rates, household composition and in-
dicators for wealth variables. One should also include variables correlating with human
wealth and labour market conditions.

First we deal with nominal total expenditure. In contrast with the conventional
method of instrumental variables that is used by Blundell et. al (1993) we use a richer set
of explanatory variables, i.e. those variables that span the space on which the projection
is taken. Furthermore, we allow for a different form (timne varying parameters) in the
surveys (six) present in our data. Calculating six regressions rather just one it is hoped
that ’a better fit’ is obtained since the ’consumption function’ defined by conditioning
on the available instruments may drift over time due to changes in labour and credit
markets. These in turn affect the dynamic economic environment where consumption
decisions are made. These modifications are particularly important since we do not use
the conventional method of instrumental variables where errors in the endogenous R.H.S.
variables are only assumed to be uncorrelated with the instruments but we in effect use a
multi-equation structure (4.36) and (4.37) and estimate the parameters of a preliminary
model (4.37) for the conditional expectation of total expenditure variable.

Note that it is not obvious how the conditional expectation of total consumption is
identified independently of the equations defining consumption in the component cate-
gories without imposing restrictive separability conditions. If an instrument entered the
former it was observed to enter at least one of the latter equations in our data. He-
re we solve this problem by using time-varying parameters and nonlinear and product
terms in the former equation and in turn consider the share equations as parsimonous
simplifications of the more complicated models. In all we have used a constant term and
seventy variables (Table A2.2), where the set of variables naturally includes the exoge-
nous factors of the model for budget shares.? It should be noted that we consider these
variables as predetermined and not outcomes of a simultaneous intertemporal optimiza-
tion decision. Logarithmic area of the dwelling and a quadratic term in it are used as
additonal instruments to capture effects of permanent income or wealth on consumption.
We rely heavily on this *proxy’ for wealth. The area variable is allowed to have an inte-
raction term with 13 other regressor, 11 of them indicator variables. Several indicators
that measure holding of major assets (car, weekend house), tenure choice (owning or
renting), dwelling type (small house, flat), and amenities (Bathroom, Warm water, WC)
available in the dwelling are also included.

Educational status is used here as a proxy for human capital. Total disposable income
of the household in logarithmic form and a quadratic term in it are also included among
the regressors and some additional indicator variables to take account of the labour
supply decision of the household. The labour supply variables that we have access to
(self-employed household head, household head out of workforce, spouse working, number
of retired persons) are not very detailed and decisions concerning them are made on a
long term basis. Therefore we feel that they are predetermined enough for our purposes

2The price variables, however, were not included since they correspond to quite short time periods
in our model, and have presumably little informational value to the intertemporal decision.
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and need no separate treatment with instruments. Regional variables are used to capture
effects of local labour market conditions and otherwise unobserved, permanent differences
in relative prices. In addition, both the logarithm of the age of household head and the
logarithmic household size are present with interaction terms with four indicator variables
each. Twelve additional interaction variables are formed among the indicator variables.
The logarithmic variables measured in interval scale, area of dwelling, age and household
size have all possible pairwise product terms (three) in the model, for a complete list of
the variables, see Table A2.2.

To account for any remaining interactions among variables two additional variables
are formed by taking the fit of a preliminary equation (with the 68 variables), and
calculating the Ramsey’s RESET-terms, the fit to the second and to the third power.?
The final fit is a combined fit of all the 70 variables. The problem of a possible over-fitting
does not worry us since there are so many observations available (33 420).

The next step is to make a similar operation with the budget shares as the object
variables. In doing this two generated variables are added to the list of explanatory
variables to account for the cross section Engel curves in consumption. These are the
fitted values of the logarithmic total expenditure and a quadratic term in it. Finally, the
fitted values of the logarithm of total expenditure are deflated with the Stone price index
with the weights calculated from the fitted values and prices calculated continuously for
each sample period using the specific information on which period the expenditure data
was collected (Section 3.2.2).*

A notable feature of the data is that in 1981, the fourth sampling year in the data,
the bookkeeping period used in collecting the data was shortened from a month to a
two-week period, in hope of enhancing the quality of collected data. There had been
some indication of fatigue when the longer bookkeeping period was used (Table 3.1).
On the other hand, shortening of the bookkeeping period leads inevitably to more ze-
ro observations and increase in variance of expenditures if the length is arithmetically
accounted for (Table 3.3). '

3Ramsey [1969) argued for reset terms as useful additional instrumental variables and devised a
celebrated test for the functional form of model which can be seen as test which is based on instrumental
variables estimation of the model.

“The data has twelve different (monthly) bookkeeping periods for each surveys in 1966-1976 and
about twenty-six bookkeeping periods for each survey from 1981 onwards (Chapter 3.). The weights are
truncated below at zero and the fitted values for the other budget shares are proportionally adjusted so
as to sum to one in cases with negative values of some budget share fits.
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Table 5.1. The fitted values of log expenditure.

Year | Nominal R? Real R?

1966 9.2036 | 0.681 | 10.5805 | 0.676
1971 9.5387 [ 0.705 [/ 10.6530 | 0.702
1976 10.2582 | 0.724 || 10.7422 | 0.719
1981 10.8689 | 0.636 | 10.8663 | 0.635
1985 11.2987 | 0.621 | 11.0022 | 0.621
1990 11.5691 | 0.654 |} 11.0235 { 0.655
All 10.8049 | 0.876 || 10.8791 | 0.676

These aspects can be clearly seen as a deterioration of the fit since 1981, see Table 5.1
where values of nominal and real expenditures are shown together with the coefficient of
determination of the instrument equations for each survey year.

The same tendency is observable in Figure 5.1 where the actual values of real expen-
diture are plotted against the fit obtained from the instruments.® On the other hand,
visual examination of Figure 5.1 gives no clear indication of heteroskedasticity in the
model errors. This gives credence to our preference for OLS estimation in this phase and
more complicated methods of estimation seem unnecessary.

Finally, we calculated the variance of the preliminary fit of the logarithmic real ex-
penditure to collect some finite sample efficiency gains in the second stage of our quasi
likelihood estimation exercise using the formula (4.80).6

5.2 Testing for heteroskedasticity
The budget share equations are tested for heteroskedasticity by first estimating equa-

tions by OLS using the chosen set of exogenous regressors and including the fitted values
of the real expenditure variables. A variant of the Lagrange multiplier test similar to

%At this point one cannot help commenting that the weighted variables which correspond to the
estimates at the population level show a closely similar tendency to increase over the sample period
independently whether one considers fitted or actual values. However, if one looks at the standard
deviations of logarithmic variables, a kind of measure for inequality, one notes that only half of the
increase in inequality (three versus six thousand parts in the value of the standard deviation) remains
after the data are smoothed by projection in contrast to the raw values, in the change from 1976 to
1981. In other periods the two measures show closely similar development. One may suggest that a
major part of the apparent increase in inequality was in fact accounted for by the shortening of the
major bookkeeping period and should not be taken to indicate an increase in actual inequality. We plan
to develop these ideas in later analyses of the data while inequality in consumption is considered.

SActually to be on the safe side in estimating these covariance terms we resorted to the heteros-
kedastic consistent estimators for the covariances by White [1980], although no clear indication of
heteroskedasticity is actually detected.



that proposed by Breusch and Pagan [1980] is used.” Specifically, the logarithm of the
squared residual is regressed on a number of variables. The test was originally proposed
by Park [1966], and the test is presumably more powerful than the Breusch-Pagan test
against the specific alternative considered here.®> We included as test variables dummies
for the sample surveys to detect differences in sampling framework and methods of data
collection, see Section 3.1 on sampling methods, and that part of the least squares fit of
the preliminary OLS estimation which is composed of the exogenous variables in the fit,
see (4.85). Six extra variables in all.

Table 5.2. Results of heteroskedasticity tests.

Variable | W, Wo Wa Wy Ws Ws Wr Ws Ws

Mean 0.2827 | 0.0356 | 0.0685 | 0.2369 [ 0.0631 | 0.0302 0.1545 | 0.0800 0.0486
Fit0 2.22 36.6 11.59 3.29 25.41 53.11 15.14 20.59 35.43
T 451 50.17 15.35 22.82 17.94 | 56.26 82.67 1 39.93 46.27

1x3(6) 21.18 | 448.96 | 196.30 | 93.07 | 159.91 | 803.71 | 1220.04 | 377.67 | 1480.92

Table 5.2 provides the results.® The component categories of consumption are formed
as follows: Category 1 (Wh) is Food, (W,) is Beverages and Tobacco, (W3) is Clothing
and Footwear, (W,) is Housing and Energy, (W5) is Household Appliances, (Ws) is Health
Care, (W) is Transport and Communication, (Ws) is Education and Entertainment, and
the final, residual category (Ws) consists of Other Goods (and Services).

The means of the expenditure shares in the data are given in the first row of Table 5.2.
The last row provides the test statistic for heteroskedasticity. The second rows shows
the coefficient of the fit term in the auxiliary regression of logarithmic squared residual
indicating the strength of the mutual relationship between the fit and heteroskedasticity.
The third rows gives an asymptotically normal test statistic for a non-zero coefficient of
the fit term.

There is a considerable amount of heteroskedasticity present and variance of the error
term seems to be positively correlated with the OLS fit, i.e. the expected budget share
conditional on the exogenous variables. The problem of heteroskedasticity is particularly
severe in those categories that have relatively low budget shares and a fair amount of zero
observations (Table 3.3). This suggests that the truncated distribution of the budget

"The Breusch-Pagan test is not dependent on the exact functional form for heteroskedasticity, and
can be interpreted as testing for non-zero correlation between the squared residuals and the fit of the
model, see eq. (5.4) below. Our version of the test is constructed to produce as a side product starting
values for quasi maximum likelihood estimation.

8The squared residuals are truncated from below to guard against taking logarithms of ’near zero’
residuals and prevent instability in results.

3The numerical results are actually based on Model P in Section 6.2. All variants of the basic
specification in the study produced closely similar test results.
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shares is partly responsible for the above phenomenon and our method of analysis is at
least partially successful in controlling for the heteroskedasticity. In the present study
the nonlinearity of mean that for example models in the Tobit family imply is not
utilized in the estimation. Bivariate models for joint determination of purchase and
consumption decisions that could handle zero observations and in principle also differing
lengths in bookkeeping periods have been developed by Deaton and Irish [1984] and
Kay et.al. [1984], see also Suoniemi {1990].1° We find no easily interpretable patterns
in the variance components estimated for the separate surveys, although there is a case
for forming a common variance component for the three first surveys when the data
collecting period was one month. However, for some reason, good or detrimental to the
analysis, both the first and the last surveys in 1966 and 1990 seem to have in most cases
the lowest values of the variance component (Appendix 3).

5.3 Efficiency gain of using a functional model for
heteroskedasticity

Below we use a streamlined version of our model to examine the efficiency gains due to
modelling heteroskedasticity by directly proposing a skedastic function. This is done in
a simple and economical but simultaneously in a relatively powerful way by connecting
the conditional mean and the variance of the error term in the model ¢ by a skedastic
function that is governed by a single extra parameter § per equation.!! The conditional
loglikelihood of an individual observation A on the dependent variable yp, in our case
budget share, is given under the normality assumption as,

e = g (toatod) + ) (5.)
2 o)’

un = Yh— n=yn — B 2,

o} = exp{w+du}. (5.2)

The first derivatives of the above likelihood equation are given by:

8£h Up, 50’2 ui 1

9 _ un , bop (uj 1 5.
O a,f-l_ 2 \ot o})’ (5:3)
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oL, o} (up 1

%6 — 2 \ot 1) (5.4)

19Note, however, that the specific type of nonlinearity which is present in the Tobit models is entirely
-due to the assuming Gaussian distribution and does not cover other more general instances.

111 this section the effect of using the fitted values from a preliminary regression among the expla-
natory variables is subsumed to keep the presentation manageable, see Section 4.2.
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If the parameters § are estimated by the method of weighted least squares where the
parameters governing the calculation of weights § and w by (5.2) are estimated using
any consistent procedure the equation (5.6) is replaced by

SR (5.9)

Oh

The equation (5.7) shows that the estimation of the parameters § by the method
of maximum likelihood and weighted least squares are equivalent if the linear form uy
contains a constant term and only one additional regressor. In the more general case
of several regressors the R.H.S. of equation (5.6) has a probability limit of zero and the
two methods are asymptotically equivalent. The extra efliciency that the method of
ML is contributing concerns the estimation of the skedastic function (5.2).'* By these
arguments, to get a lower bound on the efficiency gain of ML it is sufficient to compare
the estimation of the model by OLS and weighted least squares with weights calculated
according to our skedastic function for the conditional variance.

In the case of functional heteroskedasticity the square-root N -consistent covariance
matrix of the OLS estimator, b, is estimated biasedly by the OLS method as,

T\ —1
NVi, = & (Z“}é") , (5.10)

2 (yn— bh,z)°
¢ =yt

In contrast, the non-biased estimator should be

_(Z oz - exp{w + 6pup}znal\ (S 2zl 7
NV, = (——N > N N . (5.11)

Y2For those not preferring simple arguments like those above the result can be proved, alternaftively by
calculating the second-order derivatives of the loglikelihood, taking the probability limits, and forming
the asymptotic covariance matrix of the # parameters by invoking the inversion formula, for a partioned
information matrix as in Section 4.2, details available upon request.
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Finally, the correctly weighted LS method gives the covariance matrix of the efficient

estimator as -
NViy = (Z exp{—w ;V‘S‘” 3 zhzh) . (5.12)

The exponential function for the variance (5.2) is useful as allowing for a simple
approximation of the efficiency gain due to the weighted LS method if the regressors
have multinormal distribution. Under this assumption the moment generating function
of the regressors is given by

P(r) = £ = exp{—7Tv + -;—TTQT}, (5.13)

where v is the mean and § the full rank covariance matrix of the regressors. Taking
second derivatives of (5.13) gives

62ge—TTz
OrdrT
Y

a7rorT

The OLS estimate b, for the vector 4 is consistent, plim b, = . Therefore, taking
the value of (5.14) at the points +68 and invoking the law of large numbers enables us
to write the stochastic limits of (5.10) -(5.12), as N T oco. Note that subsequently, we
drop the element e¥ which is common to all formulas.

£ (e‘TTzzzT> =

= exp{—TTv + ';—TTQT} (Q + (Qr —v)(Qr — V)T)(5.14)

plim NVy, o exp{6fTv+ %52/# Q81 + D)7, (5.15)
plim NV, o exp{6f7v + %625Tﬂﬁ} X
(@+w7) 7 (24 (898 + 1)(698 + v)T) (Q+ ), (5.16)
plim NV, o exp{68Tv — %52[#9;3} (Q + (808 — v) (698 — u)T)“1 . (5.17)
Note in (5.15) that the OLS estimate for s has the probability limit,
plim s* = E(ys, — 27 bo,)? = £ = exp{w + 687w + %52/#9/3}. (5.18)

The term e?®”? is common to all equations and does not count in comparisons. Int-
roduce the square root matrix A, A2 = , and apply the formula

A lzaT A1

Ty-1 _ Ao-1 _
(A+zz’)" =A [T TAs"



The limits (5.15),-(5.17) can now be simplified in the form:

A tp(ATI)TN
; ghéaplP -1 fp_ 2 A% ) 1 5.19
plim NV,, o« e A (I T AT , (5.19)
A~ w(A~W)T
; gléaglPa~1{ y = A% “) 5.20
plimm NV, o< e? A (I T AT (5.20)

1 _ A vy TA? _
(1+ (A0 + 8AB)(A™'v + 6AB)T) (I - mll_"’) ATY(5.21)

(A='v — SAB)(A~'w — 6AB)T
B 14 ||A-ty — 6AB|?

plim NV, o e 18A8IF 71 (1 )A-l. (5.22)

To compare the variance of the fit of the model taken at the mean of regressors,
NVar(bTv) = NvTCou(b)v, one multiplies (5.19)- (5.22) on the left by 7 and on the
right by v, assuming A~'» # 0 to obtain:

plim NoTVyer o edlonare AP (5.23)
" L+ Aty
1,02 -1,,1I2 T, |2
; T spsagie {NAT NP + (AT V| + 687 v o
plim Nv-Vuyy o e ( (1 +[JA-1y|2)2 ) (5.24)

(A~ w|* - 5ﬁTV|2>
L+ A —engpz) . O®)

plim Nv Vv o e 510800 (||A‘11/||2—

In the case of AB = 0, and fTv = 0 all three equations give identical results. To clarify
things, note that now there are no second-order gains obtainable at the mean although
they are available at other values of the fit. Furthermore, there may exist gains in higher-
order comparisons of estimators than those that are related to the order square-root N.

Return to considering the individual coeflicients. To simplify the formulae (5.19),-
(5.22) we assume that the data has been centred so as to make v = 0.13

plim NV,, « e%“‘mﬂ“zﬂ_l, (5.26)
plim NV o esIP8I° (071 4 62567) (5.27)
52ﬁﬂT
; —glisapl? fq-1 _ PP
plim NV, o e (Q T3 A8 ) (5.28)

It is easy to see that the above matrices are ordered plim NV, < plim NV, <
plim NV, with equality, if and only if § = 0. The efficiency gain of using the weighted
LS method can be examined by (5.27) and (5.28). The gain consists of two elements
that contribute to it. First, the scalar coefficient in front of the matrices is smaller in the

13Centring the data has no effect on the estimation results. The efficiency gain concerning the constant
term of the model can be examined through the equation that connects in the usual way the parameters
obtained from centred weighted regression and means of correctly weighted variables. Note that here
one has to apply sums that are properly weighted.
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formula referring to the weighted LS formula (5.28) than in (5.27), if A8 # 0. Second,
the difference of the matrix part given in the parenthesis in equations (5.27) and (5.28)
is positive definite and equal to

82pBT  _ %2+ [|6ABI*)BAT
L+leAgz —  1+]eAgr

If we compare the above matrices (5.19),-(5.22) by their trace, i.e. the sum of the
variances of the individual coefficients we obtain:

62687 + (5.29)

. L16A8112 -1 - tvi?
plzm Nt'f‘(‘/ols) x e2 t'f‘(Q ) — m N (530)

plim Nir(Vy) o e3llfAol” (tr(ﬂ”l) + Q27w + 68)*

9 Qv+ 83)TQ 1T (Q ' + 68) + || y|[?

L+ A2
Q- 1vT (1 + 68)|12 + A2 Q102
' (1 A2 ) o 63
im Nitr o o-tisnsie (g 97Ty — 8B
plim Ntr(Viys) 8AB (t @) T3 ATy = 6A,8|]2) . (5.32)

To conclude we give an indication of the efficiency gains obtainable in the data. We
present calculations that are based on our empirical estimation results. Take the trace
of (5.27) and (5.28) and divide to calculate a measure of relative efficiency as

_l1sABIR 2 tr(Q71) + |66
eof . = T+ 10ABIP) ((1 TTeAAr @) - WHZ) | (5:33)

In the special case of one regressor the above formula (5.33) is

ef.f. = el=PIP(1 1 )60,8)17)% (5.34)

This means that relative efficiency in estimating the parameter (3 is positively dependent
on the standardized coefficient of the explanatory variable o,8 = pgyoy, (in OLS 8 =
Oys/0zz). It is naturally dependent on the parameter 6.

Consider a more general case of several but independent regressors. In the homoske-
dastic case the corresponding parameter estimators are also independent and the trace
is an appropriate measure of efficiency. There is no loss of generality in considering
standardized variables {2 = I, and standardized coeflicients of the explanatory variables
Bz = 048:.1 Note that the parameter § is unchanged by these modifications. This gives

14y a more general case consider the canonical uncorrelated variables and their coefficients. To be
more specific form a spectral representation Q = ) A; P; where the orthogonal projections P; are onto
the eigenspaces correponding to the-eigenvalues A;, and the orthogonal eigenspaces span the whole
parameter space @@ P; = R™.
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Therefore the relative efficiency is inversely dependent on the number of parameters
to be estimated tending to ell®®I” as the number of parameters m goes to oco.

Table 5.3 provides our estimate for the scalar factor A = ||6AS||? on the left hand
of the brackets. The estimates which give a lower bound on the average increase in ef-
ficiency produced by weighted LS method are actually based on our model P in Section
6.2.1% :

(5.35)

Table 5.3. Efficiency gain of weighted LS.

Variable W] Wg W3 W4 W5 Ws W7 Ws Wg

A 0.391 | 0.289 | 0.140 [ 0.050 | 0.116 | 0.508 | 0.580 | 0.179 | 3.920
e* 1478 | 1.335 | 1.150 | 1.051 | 1.123 | 1.662 | 1.786 | 1.196 | 50.40
e*(1+A) | 2.057 | 1.720 | 1.312 | 1.104 | 1.252 | 2.506 | 2.824 | 1.410 | 248.01

The second row of Table 5.3 can be interpreted as showing that on the average one
would need, say in the case of Food expenditure, W, at least 1.5 times (lower bound) as
many observations (the upper bound is about two) as we have available to obtain the
same level of accuracy in estimating the parameters of the model by OLS than by the
method that accounts for heteroskedasticity.'®

We have over forty parameters to estimate so the lower bound in Table 5.3 is more
appropriate here. It will be interesting to see whether system methods where one could
directly introduce cross-equation restrictions to improve the efficiency in estimation of
the cross-price coefficients in (4.10) would produce similar gains. We return to these
aspects in later parts of the study.

15Q¢ther specifications produced closely similar results.

16We actually employ the method of estimated quasi maximum likelihood and use the information
on common parameters in the regression and skedastic function to reap additional rewards in the more
efficient estimation of the skedastic parameters. Recall that conditional on the skedastic parameters
ML and weighted LS are asymptotically equivalent to the order square-root N.
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5.4 Estimation strategy for heteroskedastic models

The parameters of the budget share equations are estimated by the following method.
First we test for heteroskedasticity and as a side product obtain estimates for the variance
components of the survey years and the parameter connecting the fit to heteroskedas-
ticity, eg. as given by the third row in Table 5.2. In the next step the starting values for
structural, 1.e. equation parameters are obtained by estimating the budget share equa-
tion by a weighted regression of the model. The weights are calculated as the inverse of
the estimated variance for each observation using the estimated skedastic function.

Finally, the quasi maximum likelihood method is utilized to get final more efficient es-
timators of the parameters using the above consistent preliminary estimates as starting
values. Here we model for heteroskedasticity using a skedastic function and simulta-
neously take account the sample variability that is introduced by using the estimated
conditional expectations for expenditure terms and not the true theoretical variables,
as explained in (4.80). For comparison and testing purposes we use the quasi maxi-
mum likelihood estimators to calculate new variance weights and estimate the model
parameters anew by weighted least squares.



Chapter 6

Evolution of the Age Profiles and
Engel curves in Consumption

6.1 Models allowing structural change

The evolution of the age profiles and Engel curves in consumption over the sample
period 1966-1990 are examined by estimating a series of models with varying degrees
of parsimony. This approach is selected in order to find out which effects conveniently
summarize the data without setting unreasonable restrictions on the fit. Below we shall
see that diagnostic methods have to be used in a liberal and relaxed manner to avoid
from producing by far too complicated models.

The main problem with the data set which we have available is that the number
of observations in individual surveys is very large but on the other hand the number of
surveys is small. In these circumstances parameters that are identified by variation across
the cross-sectional units will tend to be estimated very accurately while parameters that
are identified by variation across time, i.e. across surveys are estimated quite poorly.
If one is not very concerned with the time-varying effects, for example price effects one
preferably uses a ’fixed-effects’ model. These models have the additional good property
that the possible bias in estimators that is caused by not including in the model effects
that vary with time and simultaneously produce correlation between the explanatory
variables and the error term of model, such as business-cycle or trend effects is not so
severe in fixed-effects models, The bias is substantially reduced as we are effectively
conditioning on the mean value of the error component in the individual surveys and the
errors may in fact correlate with the regressors but still do not produce any bias.!

'Any possible correlation between the regressors and the error term after subtracting the survey
means is naturally still present and produces some bias. The severity of this depends on the case we
consider. For example, suppose that some of the households are liquidity-constrained but no variable
directly relating to this is available. In this case the fixed-effects model allows for a gradual or cyclical
relaxing of liquidity-constraints in the aggregate level but if liquidity-constraints are correlated with
say individual wealth and income variables they are confounded with the latter effects and the ”true”
coefficients cannot be estimated unbiasedly.
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The first model, Model A, includes among the regressors.dummy variables for each
survey. As noted before, using these variables together with the price variables has the
negative side effect that only movements within the sample years in relative prices are
effectively included as explanatory factors. The reason for this is that the differences in
the yearly means of prices, and any other variable for that matter, are smoothed out
and their effect is confounded with the coefficients of the survey dummies.? Therefore
it does not seem sensible to include a full set price variables in these models and we
prefer to forming a price variable which is separate for each consumption category. The
variable is the "logarithm of relative price’ which is formed by dividing the corresponding
component price index with the Stone price index which we use to define real expendi-
ture (Section 3.2.3). Because any variation between the survey years in this variable is
in estimations effectively smoothed out we do not have high hopes for getting sensible
interpretation of the price parameter in terms of own price elasticity of demand.? Table
6.1 gives a good picture of the amount of price variability between the surveys and within
the surveys in the data. For example only about eight per cent of the total variation in
the price variable LRP; is due to variation within the surveys.

Table 6.1. Variation in relative prices.

Variable LRP, | LRP, | LRPs | LRP, | LRPs | LRP; | LRP, | LRPs | LRP,
SD between e
surveys 0.0468 | 0.0403 | 0.0802 | 0.0537 | 0.1243 | 0.0720 | 0.0293 | 0.0474 | 0.0556

SD in 1966 0.0174 | 0.0158 | 0.0143 { 0.0137 | 0.0203 { 0.0158 | 0.0158 | 0.0158 | 0.0158
SD in 1971 0.0127 | 0.0197 | 0.0205 | 0.0223 | 0.0172 | 0.0127 | 0.0168 { 0.0121 | 0.0181
"SD in 1976 0.0284 | 0.0161 | 0.0198 | 0.0217 | 0.0159 | 0.0146 | 0.0106 | 0.0135 | 0.0136
SD in 1981 0.0123 | 0.0241 | 0.0163 | 0.0133 | 0.0148 | 0.0079 | 0.0130 | 0.0094 | 0.0122
SD in 1985 0.0072 | 0.0112 | 0.0135 | 0.0096 | 0.0077 | 0.0117 | 0.0149 | 0.0087 | 0.0086
SD in 1990 0.0085 | 0.0171 | 0.0174 | 0.0072 | 0.0066 | 0.0195 | 0.0083 | 0.0064 | 0.0124

SD total 0.0488 | 0.0440 | 0.0819 | 0.0554 | 0.1249 [ 0.0733 { 0.0320 | 0.0485 | 0.0570
within var. +—
total var. 0.0790 | 0.1627 | 0.0409 | 0.0600 | 0.0106 | 0.0375 ] 0.1654 | 0.0441 | 0.0495

SD refers to standard deviation.

On the other hand, adopting the above form of the model should not lead to any
major concern since in this section we are primary interested in the age and the real
expenditure variables of the model and return to the estimation of price elasticities in
a later part of the study where models more constructive for the purpose of estimating
the price elasticities of demand are employed.

ZNote similarities with using fixed effects in modelling proper panel data.

3The endogeneity of this variable and covariance with the real expenditure variables are properly
accounted for in the EQML estimation by augmenting the pseudo error variance accordingly, see Section
4.2.




Keeping the focus on our current mission we use two auxiliary variables that are
not commonly employed in empirical studies of consumption. The basic explanatory
variables include the logarithmic age of household head (LAGE) and a square term of
this variable (LAGESQ). Since the natural range of the age variable is bounded then
taken together with the corresponding coefficients these variables allow for the effect of
age to be either monotonously decreasing or increasing, or to have either the shape of a
well or a hump. The first two cases occur when the local extreme value of the binome
(in logaritmic age) occurs outside the natural range of age.

The first supplementary variable is the logarithmic age of the household head in a
given year (LCOHAGE), in our case we select arbitrarily the year 1981.% This variable
allows for a slowing creeping effect w.r.t. the survey years which may be a useful device
to capture some cohort effects in slowly changing consumer environment where new
commodities are introduced and habits and preferences evolve. On the other hand,
using only the calender age at the time of the survey neglects the gradual overturn of
population, and having in the sample people that are observed to be same age but have
in fact been grown-up and moulded in widely differing economic and social environments.

The second variable is constructed using the instrumented fitted values of total real
expenditure adjusted for the number equivalent adults in the household. It is the signed
distance of the household from the median consumer. The median is estimated using
the population mean of logarithmic total expenditure which is adjusted for the size of
household.® The variables are based on instrumented values and the mean is calculated
separately for each survey year available.® The variable called 'relative consumption’
builds both on early remarks by Veblen [1899] which have become popular in psycholo-
gical and sociological literature under the heading ’relative deprivation’ theory and an
early and interesting ’relative income hypothesis’ in consumption behaviour put forth
by Duesenberry [1949]. Loosely speaking the hypothesis suggests that a consumer’s
consumption habits should reflect his (or her) social reference group. When that indivi-
dual’s income fall below the comparison level, he feels relatively deprived.” Alternative
interpretations to the above phenomenon might involve the concept of positional goods,
i.e. goods whose consumption is dependent on the consumer’s position in the income
distribution rather than on his actual income level, for example domestic help and other
labour services, and locational amenities that are scarce. To examine and test these
ideas we introduce the positional variable (LNRELX) into the model.

The full estimation results are shown in Appendix 3 (Table A3.1). In particular we

“In selecting this year one has to guard against the unexpected effects which may result if logarithms
are taken from variables having some low values with respect to the bulk of data.

SHardle and Jerison [1988] have found that Engel curves are more stable across cross sections if they
have been normalized with mean income. This should give some additional credence to our choice of
the auxiliary variable.

®Note that since we calculate total expenditure using a rough equivalence scale (Section 3.2.3), we
should arrive at a more reasonable outcome than by utilizing unequalized values of expenditure.

"Relative deprivation theory which is a common theme in psychological and sociological literature has
not made much impact into the economic literature. Recent writers that have followed Duesenberry’s
footsteps include Boskin and Sheshinski [1978], Akerlof and Yellen [1990], and Clark and Oswald [1994].
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find that our two supplementary variables enter the fit with significant coeflicients. Table
6.2.a introduces some interesting summary diagnostics from the preliminary OLS regres-
sions. The ordinary Durbin-Watson statistics is produced here as offering an excellent
non-parametric diagnostic test for the Engel curve specification since in calculating it
we have ordered the data w.r.t. both the survey year and the value of the fitted real
expenditure variable of the model.® : ‘

Table 6.2.a. Summary diagnostics by preliminary OLS, Model A.

Variable W1 Wz W3 W4 W5 Ws W7 Ws W9

Mean 0.2827 | 0.0356 | 0.0685 | 0.2369 | 0.0631 ; 0.0302 | 0.1545 | 0.0800 | 0.0486
S.E.E 0.0904 | 0.0412 | 0.0570 | 0.0906 | 0.0642 | 0.0388 | 0.1209 | 0.0584 } 0.0599
R? 0.3670 | 0.0844 | 0.0768 | 0.3142 | 0.0175 | 0.0822 | 0.2202 | 0.1109 | 0.1013
DW 1.8725 | 1.9727 | 1.9957 | 1.6979 | 1.9781 | 1.9771 | 1.7314 | 1.9826 | 1.9548

We consistently find that our Model A seems to be performing better in terms of fit in
cases where the consumption category is responsible for a substantial part of consumer
outlay. In addition in those categories where purchases of durables have a larger role, eg.
category W5, Household appliances the fit is deteriorated. On the other hand, an initially
better fitting model increases the power of specification tests, as is clearly indicated by
the row 'DW’ and row 'RESET(3)’, Ramsey [1969] in Table 6.2.b. The Durbin-Watson
test is statistically significant indicating misspecification in consumption categories Wi,
Wy, Wy, Wy, and Wy. Note the low power of the test in category Wy which is due to the
poor fit of the model.

Table 6.2.b. Summary diagnostics by weighted LS, Model A.

Variable Wi W Ws Wy Ws We W Ws We

Mean 0.2827 | 0.0356 | 0.0685 | 0.2369 | 0.0631 | 0.0302 | 0.1545 | 0.0800 | 0.0486
S.E.E 0.0876 | 0.0380 | 0.0555 | 0.0882 | 0.0568 | 0.0275 | 0.1007 | 0.0558 [ 0.0420
R? 0.3530 | 0.0772 | 0.0791 | 0.3023 | 0.0232 | 0.0708 | 0.2537 | 0.1160 | 0.1338
RESET(3) | 47.872 | 154.939 | 24.894 | 271.521 | 3.822 | 65.300 | 123.128 | 100.084 | 105.752

Table 6.2.b provides the summary statistics for a weighted least squares estimation
with skedasticity weights calculated using the EQML estimates. The RESET test, Ram-

81t is common for data released by Statistical Offices to be ordered according to geographical sampling
areas even when information on the specific sampling strata is not released. Therefore the Durbin-
Watson test using the original ordering of the data is quite effective in testing for within strata correla-
tion. This aspect is not examined in the study. The number of observations is so large (33 420) in this
study that we would expect the test statistic to lie quite near two under the null. In fact in our case
values under 1.98 indicate some deficiencies in functional form which show up as positive autocorrelation
in the ordered data.




sey [1969] is calculated by including the second, third and fourth powers of the fit as
additional explanatory variables in a weighted regression and testing for whether they
enter the model with statistically significant coeflicients. Under the null hypothesis the
test statistic is distributed by the x?-distribution with three degrees of freedom. It offers
a complementary test for functional misspecification with quite good power properties.
This is reflected in the results with only the category W5, Household Appliances passing
the test for misspecification. Table A3.1 provides the estimation results for both the
quasi likelihood method and the weighted LS described above. Recall that these two
methods produce parameter estimators that are asymptotically equivalent. Therefore,
differences in the results indicate the importance of accounting in the quasi likelihood
for influences that are relevant in finite samples, see eg. the R.H.S. of (4.49).°

On the other hand, weighted least squares give generally higher t-values for the pa-
rameters. This is a consequence of not allowing for the randomness in those variables
replaced with estimators for their conditional expectations but treating them as fixed in
repeated samples. In contrast, the method of quasi likelihood properly accounts for this
and in addition it deals with the uncertainty concerning the skedastic parameters to be
estimated in the process.

A slightly more general version of the previous model is obtained by allowing the
real expenditure term (ILNXR) to have different slope coefficients for each survey year.
Similarly, the logarithmic age for the household head (LAGE) is having a freely varying
coefficient. The variable which earlier captured the cohort effect is naturally dropped
here to prevent perfect multicollinearity. Note that if we want to retain the relative
consumption term for comparison with the restricted Model A, presented above we can
actually add only four additional variables affecting the slope, product terms of the
survey dummies with the total expenditure variable in the model. Otherwise there is a
linear dependence between the relative consumption variable, the survey dummies and
the expenditure variables formed separately for the surveys.

For this model, Model B, with eight extra variables we estimate the parameters by
the method of quasi maximum likelihood and weighted regression with weights obtai-
ned from the quasi maximum likelihood estimates similarly as before. The results are
shown in Appendix 3 (Table A3.2). Table 6.3 represents the summary statistics from
the weighted least squares estimation.

®One could construct a test of the model by comparing the EQML estimators with alternative
estimators obtained by a method which is consistent under less demanding conditions, the conventional
method of instrumental variables with the heteroskedasticy allowed for by using weighted least squares
would serve as one, see Davidson and MacKinnon [1993].
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Table 6.3. Summary diagnostics by weighted LS, Model B.

Variab le W1 Wz W3 W4 W5 Ws W7 . Wg Wg

Mean 0.2827 [ 0.0356 | 0.0685 | 0.2369 | 0.0631 | 0.0302 | 0.1545 | 0.0800 | 0.0486
S.EE 0.0876 | 0.0380 | 0.0554 | 0.0882 | 0.0567 | 0.0275 | 0.1005 | 0.0557 | 0.0418
R? 0.3535 | 0.0785 | 0.0800 | 0.3033 | 0.0245 | 0.0722 | 0.2550 | 0.1167 | 0.1360
RESET(3) | 52.466 | 164.140 | 22.676 | 256.395 | 2.536 | 49.301 | 118.994 | 60.102 | 78.204

These two models seem to be equally successful in explaining the data although one
may find some parameter variation among the common explanatory variables (Appendix
3). However, the added variables have coefficients that are significantly different from
zero using the asymptotic t-test with conventional levels of significance (Table A3.2).

The quasi maximum likelihood tests for comparison with the full and restricted model -

are shown in Table 6.4.

Table 6.4. Quasi maximum likelihood test of the restricted Model A and Model B.

Model W1 Wz W3 W4 W5 Ws W7 WS WQ

A 33190.6 | 59336.3 | 48109.7 | 32960.9 | 46972.2 | 66738.6 | 24458.5 | 47205.2 | 51333.8
B 33198.2 | 59370.9 | 48132.8 | 32974.7 | 47008.3 | 66767.4 | 24486.2 | 47271.4 | 51415.9
x%(8) 15.16 69.22 46.24 27.77 72.16 57.75 55.33 132.38 | 164.25

In all consumption categories except the first, W; the null hypothesis is rejected.
However, the test statistic is of seemingly low order in comparison with the likelihood
of the model. But note that likelihood is not invariant to the scale of the data. The low
practical value of the significance test is better revealed in Tables 6.2a and 6.3 which
show that the coefficients of determination are practically of the same size. Observe also

the values in the row LOGS0 in Appendix 3 which give an estimate of the error term

variance in 1985.

The most general model, Model C is formed by a collection of estimation results
that are obtained by allowing different parameters for all variables in each survey. This
gives 160 more parameters to be estimated as compared to Model B. For Model C we
do not estimate the parameters by the method of quasi maximum likelihood, but use
instead weighted regression applying six separate regressions with weights obtained from
the ’restricted’ Model A, presented above. Note that under the implicit null hypothesis
defined by Model A the variance structure is estimated consistently. In addition using a
common weighting structure for all models provides a consistent testing framework for
various null hypothesis of added coeflicients that are canonically nested. The full set of
estimation results are shown in Appendix 3 (Tables A3.3 (i),-(vi)).

The above collection of models offers a natural framework of testing parameter re-
strictions. Calculating the pseudo loglikelihood based on a weighted LS estimation using




a common consistently estimated skedastic function (Model A) for the variance com-
ponents provides a x?-test statistics for the nested sequence of alternative hypotheses
(Table 6.5). The test is a consistent and unbiased one.°

*Table 6.5. Pseudolikelihoods and y2-tests based on weighted LS estimators.

Model w1 W Ws Wy Ws We W Ws Wy

A 33414.0 | 59631.3 | 48352.3 | 33087.3 | 47055.9 | 66946.2 | 24540.2 | 47317.2 | 51533.0
B 33426.1 | 59663.6 | 48382.4 | 33103.6 | 47098.8 | 66983.4 | 24568.9 | 47377.2 | 51620.2
1966 3116.1 | 6013.4 | 4223.6 | 3285.2 | 51960 | 6679.3 ! 3023.8 | 5535.0 | 7315.0
1971 2944.8 | 5053.6 | 4122.8 ] 3006.5 | 4363.7 | 5424.7 | 2548.1 | 4960.3 | 64534
1976 3591.5 | 6221.6 | 4516.5 | 3566.4 | 47972 | 7837.0 | 3018.2 | 4689.7 | 6241.3
1981 | 6898.1 | 13022.0 | 11068.5 | 7457.4 | 10784.3 | 17990.1 | 5235.4 | 10595.8 | 12293.9
1985 7886.0 | 15147.0 | 11662.5 | 8501.9 | 9435.0 | 141344 | 5281.2 | 10235.0 | 10592.2
1990 9227.5 | 14377.7 | 13039.0 | 8018.3 | 12621.6 | 15065.2 | 5610.1 | 11485.7 | 8888.3
Hy(8) 24.37 64.63 60.17 32.56 85.72 T4.47 57.49 120.04 | 174.36
H,(168) | 500.02 | 407.79 | 561.34 | 1496.92 | 28347 | 366.36 | 353.30 | 368.44 | 501.89

The alternative hypothesis H; allows for varying slope coefficients in the logarithmic
age and real expenditure variables. The test statistic is distributed by the x? with eight
degrees of freedom. The most general hypothesis H, allows for all coeflicients to be free
to vary from survey to survey. In particular we note that additional parameters seem
in average to have at most a comparable effect on the statistics bearing on Hy as on
f1, in relation to the number of extra parameters. The only exception to the above
rule is category Wy which mainly consists of housing costs.!' The tests lead to a formal
rejection of the hypothesis Hy defined by Model A. The summaries of the fits for each
survey year are shown in Appendix 3 (Tables A3.4 and 5). Note that the fits of the
individual surveys seem to suffer from same magnitude of misspecification in functional
form as the models fitted to our whole data set. In addition the coefficients seem to be
rather unstable across the cross sections. These observations seem to indicate that trying
to estimate demand equations using a single cross section is a near futile exercise. The
instability of the price coefficients is a good indication of the hazards involved (Tables
A3.3 (1),-(vi)), but note also instability relating to parameters that are identified by
variation within the surveys. The last effect is somewhat unexpected.

We suspect that formal rejection of the restricted Model A is the expected outcome

19The pseudo likelihood differs from the above, quasi likelihood since the former does not allow for
the sample variation introduced by the use of fitted values of a preliminary model and treats them as
fixed in repeated sampling experiments.

"10n the behalf of the rental equivalent of owner occupied housing which forms a large subcomponent
in this variable, costs are based on imputed values and the rules that are used in calculations may have
varied considerably over the sample period. However, we are quite certain that people in Statistics
Finland have made their best in constructing the variables in the study. The underlying calculations
are based on the area and number of rooms, quality and condition of dwelling, site of residence, and the
availability of amenities.




79

of any consistent test if applied to our data. The main reason for this is by ordinary
econometric standards an enormous number of observations (33420). Any sensible ana-
lysis of data should be concerned with the parsimony of the model and not allow the
number of coefficients to creep upwards in order to capture any twigs or tails of data by
- adding extra powers and interaction terms of variables, cf. Section 5.1. In contrast, the
asymptotic square-root N -consistent estimate of the variance of the fit should be tightly
controlled. Aless academic reader might present the matter in the form of asking a
simple question, what is the real insight gained by using these more complex functional
forms in explaining the data. The answer is not easy because of the many both func-
tionally related and correlated regressors involved. What may at first sight seem as a
dramatic change in individual parameter values may in closer examination turn out to
have a small combined net effect on the fit. Graphical methods seem to be the best way
to compare complex models as the ones in the present study and subsequently we use
them and hopefully reveal the salient features of the models. In Section 6.2 we introduce
-an additional model with-a full set of price variables and compare its performance with
the models of the present section.

6.2 Model with a full set of price variables

Here we present the estimation results of a model, Model P, with a full set of price
variables. In the analysis we drop the survey dummies but retain our two supplementary
variables, relative consumption variable and the age variable that captures some cohort
effects. Homogeneity of demand (4.8) with respect to the price variables is imposed on
the data by forming eight price variables with the logarithmic component price index
relating to the last, ninth category subtracted from the other price variables. The means
of the variables, LP;— LPy,i=1,..,8, are provided in Table A2.1. The implied coefficients
for price variables referring to the last category are shown in the last row of Table A3.6
which shows the estimation results obtained by the method of quasi maximum likelihood.

Comparing with Model A presented in Section 6.1 the Model P, has now two para-
meters more (eight price parameters versus one price variable and five survey dummies
in Model A). The fit and diagnostics of the model are comparable to those of Models A
and B (Tables 6.6.a, and 6.6.b).

Table 6.6.a. Summary diagnostics by preliminary OLS, Model P.

Variable Wi Ws Wi Wy Ws We Wr Ws Ws

Mean | 0.2827 | 0.0356 | 0.0685 | 0.2369 | 0.0631 | 0.0302 | 0.1545 | 0.0800 | 0.0486
S.E.E | 0.0901 | 0.0412 | 0.0571 | 0.0907 | 0.0639 | 0.0390 | 0.1207 | 0.0580 | 0.0597
R*¥*2 | 0.3660 | 0.0831 | 0.0770 | 0.3105 | 0.0182 | 0.0827 | 0.2211 | 0.1094 | 0.1010
DW 1.8719 | 1.9698 | 1.9947 | 1.6998 | 1.9772 | 1.9776 | 1.7314 | 1.9809 | 1.9544




Table 6.6.b. Summary diagnostics by weighted LS, Model P.

Variable Wi Wa Ws Wy Ws W Wx We Wo

Mean 0.2827 | 0.0356 | 0.0685 | 0.2369 | 0.0631 | 0.0302 { 0.1545 | 0.0800 | 0.0486
S.E.E 0.0880 | 0.0380 | 0.0655 ; 0.0885 | 0.0567 | 0.0275 | 0.1006 | 0.0558 | 0.0420
R? 0.3514 | 0.0762 | 0.0789 | 0.2999 | 0.0233 | 0.0695 | 0.2642 | 0.1153 | 0.1336
RESET(3) | 43.831 | 165.332 | 27.026 | 263.208 | 6.480 | 74.022 | 114.876 | 95.860 | 110.135

If the estimation results provided by the quasi likelihood method and weighted LS
are compared (Table A3.6) one notes that differences are somewhat smaller than in the
case of Models A and B. The two methods should produce parameter estimators that
are asymptotically equivalent. Therefore, huge differences in the results could indicate
misspecification of the model over and abové those effects that are due to accounting
in the quasi likelihood for influences that are relevant in finite samples. Recall that the
method of weighted LS gives generally t-values that are too high. This is a consequence
of not allowing for the stochasticity in those variables substituted for the conditional
expectation but treating them as fixed in repeated samples.

Note that the matrix of estimated price coeflicients is far from symmetric and a
rough examination of the standard errors of estimates would indicate that symmetry
restrictions are rejected by the data. We return to a more detailed examination of the
estimation results of Model P after comparing the models that we now have in hand.

6.3 Engel curves and age profiles in consumption

To compare the Engel curves and the age profiles in consumption obtained by Models
A, B, C and P we resort to graphical methods. In Appendix 3 (Figure A3.1) we show
the Engel curves and the age profiles in consumption for the categories Wy,- Wy.'? The
corresponding figure for the category Wi, Food is produced here.

12The Engel curves are customarily defined as showing how the demand for a commodity evolves as
the expenditure (or income) is varied. In this study, we depart from the usual terminology and choose to
define the Engel curve as representing how the budget share evolves as the total expenditure is varied.
The reason for this is that the corresponding figure is more informative and easier to visualize in the
latter case. Note that on the x-axis we show the logarithmic real expenditure. This means that a
unit intrease in the x-axis (in logarithms) correspond to about 2.7 fold increase in the value of the real
expenditure variable. The range of values shown in the x-axis includes almost the entire range of values
observed in the data (Table A2.1). '
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The models in Figure 6.1 are ordered with decreasing levels of parsimony.'® The panels
in the top row give the curves that are calculated by using the estimated parameters
of Model P which includes all the price variables. We calculate and show the curves
separately for each individual survey year from 1966 to 1990, six curves in each panel.
The panels in the second row give those curves that are calculated using Model A with a
single (relative) price variable but including survey dummies. Similarly, in the third row
are shown the results of Model B which in turn allows different slopes for the logarithmic
real expenditure and age variable for each survey. In the panels of the bottom row are
shown the curves that are based on Model C allowing all coefficients of the model to
vary between the surveys.

The curves represent ceteris paribus effects, i.e. in calculating them we hold the other
variables affecting the fit constant. The values for other variables are set to some typical
reasonable values. Note that the real expenditure variable is adjusted for the number
of equivalent adults in the household. However, if ceteris paribus effects are considered,
then in comparing low values in this variable on the left of the x-axis with the high values
on right of the x-axis we are not comparing total expenditures that are elevated due to a
large household size.!* In contrast to the above rule the prices are, however, allowed to
vary. Here we use the mean values for each individual survey, especially to see if the price
variables in Model P and dummies in Model A produce similar net effects on the fitted
curves. Naturally in calculating the Engel curves that are shown in the left hand side
panels of Figure 6.1 we vary all expenditure variables, the second order term and slopes
that are connected to the household composition in a consistent manner. Similarly, the
age variables, LAGE, LAGESQ, and LCOHAGE, are varied consistently on the right
hand side panels of Figure 6.2 together with some additional variables that are linked to
age for natural reasons. In the special case shown here, an adult pair with no children,
we assume that the household head which is a male retires from work at the age 65 and
his spouse is retiring five years later. The variables reflecting the socio-economical status
of the household head (RETIRED) and the number of old age persons in the household
(OLDAGE) are also modified according to this rule. This produces two jumps in the age
profile in consumption occurring at ages 65 and 70. In reality the retirement age varies
and the estimated jumps reflect the average effects of these variables and should not be
taken too literally.

If we study for example the curves for share of Food expenditure, W; we find that
the curves for the individual surveys (holding real total expenditure or the age of the
household head, respectively, constant across the surveys) move very closely together
(Figure 6.1). The only exception is the bottom left panel where the curves related to
the individual surveys show divergent behaviour at higher levels of real expenditure.
This has a quite natural explanation. In the early survey years one does not have many
observations with real expenditure at those higher levels that are customarily found in

13Actually the first, Model P has two extra parameters if compared to the second, Model A.

1*Here the household size is kept fixed so this makes really no difference, but note that in Chapter
7 we make comparisons which involve family size and composition by examining the unadjusted total
real expenditure.
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the last surveys. This is due to the gradually improving living standards over the 24 year
time period that is covered by our data. Therefore, the quadratic term in the logarithmic
real expenditure relating to the early survey years which have freely estimated coefficients
in Model C, give unreasonable fits outside the range observed in those surveys. Their fits
overshoot in the case of Food, W, but give a very mixed picture in the other expenditure
categories. On this point the Figures 6.1, A3.1 give a very useful warning of the hazards
involved in trying to estimate Engel curves on the basis of individual cross sections of
the data. The hazards are particularly severe if ones tries to extrapolate the Engel curve
outside its sample range to represent economic conditions prevailing in later surveys.

The age variable has a natural range of values which are little affected by which
survey we consider. Therefore, the age profiles in consumption that are shown in the
bottom row panels (Model C) show much less variability across the surveys than the
Engel curves. The variability that is still present in the age curves is due to getting some
instability in the coefficients for the individual surveys. The most appreciable differences
in relation to Model C, seem to be in the categories W,, Beverages and Tobacco, and
W, Health Care, and W3, Education and Entertainment. On the whole differences are
minor. ‘

To summarize the figures in Appendix 3, we find that Models P, A and B show quite
similar behaviour across the surveys although the extra slope parameters of Model B
were earlier found to be significant. However, they do not seem to affect the fit very
much and their inclusion may introduce multiple effects in the other coeflicients of the
model (for example the second order terms) which seem to cancel each other out to
give a minor net effect.’® The most notable exceptions to the rule are categories W,
Household Appliances, and Wy, Transport and Communication, where Model C allows
for a continuing increase in the budget share whereas the models with less flexibility force
the budget share to eventually decrease as a function of total expenditure. The residual
category, Wy, Other goods and services has become over the years more important and
increased its share. This is probably due to a gradual inclusion of new commodities and
service charges to the survey diaries which are such that they do not seem to belong
naturally to the other, more established consumption categories. Similarly, we have
previously found out that reporting has been on higher level in this category in the more
recent surveys if compared with the National Accounts values (Table 3.2). Therefore, it
seems quite natural that Model C gives a somewhat better picture of the evolution in
its budget share over time.

In most consumption categories the quadratic term in logarithmic real expenditure
has a moderating and counter-balancing effect to the slope if one compares with the
coefficient of the log-linear term (Tables A3.1, 3.2, and 6). Note that in calculating the
second order term we have subtracted a constant from it which corresponds to a typical
value of logarithmic total real expenditure observed in the data (Section 3.2.3). This

15Naturally, there may exist combinations in the values of the explanatory variables where the depar-
ting effects are more marked. Note, however, that age and real expenditure seem on a priori grounds to
be among the more important explanatory variables, and as a consequence they were allowed to have
time varying coefficients.



has as a consequence that the coefficient for logarithmic real expenditure directly gives
the slope of the Engel curve. Similarly, the coefficient of the quadratic term gives the
derivative of the slope at this point, a measure of curvature.'® In effect this produces a
reparametrisation of the model which has no effect on the estimation results but helps
in interpreting the results, for details see Section 3.2.3. The estimate for the coefficient
relating to the quadratic variable is statistically different from zero in most consumption
categories. These effects are reflected in the left hand side panels of the three first rows in
Figure 6.1. The category, Food Wy, is a necessity with the Engel curve having a negative
slope.!” The slope gradually increases and the Engel curves become almost horizontal at
very high levels of the real expenditure which correspond to a high position in the income
distribution. Similarly, category Wg, Health Care, is a clear necessity. If the age profiles
in consumption are examined the category, Food seems to increase its share in the total
budget as people age and the same observation holds true for the latter category.

Category Wy, Housing and Energy and the residual category, Wy seem to be clear
luxuries which also increase their share in consumption as people age. On the other
hand the budget shares of W,, Beverages and Tobacco, and category Wy, Transport
and Communication have expenditure elasticities quite close to one and have relatively
constant budget shares. Younger people seem to have more use for transport services.
Similarly, the age profile in the category of Beverages and Tobacco seems to eventually
decrease as the head of household gets past the early thirties. '

Variables, W3, Clothing and Footwear, W5, Household Appliances, and Wg, Education
and Entertainment are consumption categories whose Engel curves display as being a
luxury good at low levels of real expenditure but turn to a necessity at very high levels
of expenditure.'® The age profiles in consumption are decreasing in Ws, quite flat in Wi,
and slowly increasing in W3, with respect to the age of the household head.

All the above general features in the consumption patterns are in good accordance
with what one would a priori expect. The commodities that are connected to consump-
tion activities that take mainly place at home get more important as the household ages
and moves through the lifecycle.

Furthermore, on the basis of the observations in Figures 6.1, and A3.1 we conclude
that Model P which includes no survey dummies but uses instead a full set of price
variables does not set undue restrictions on the data, and simultaneously conveniently
summarizes their most important features. It provides a parsimonious model, although,
we found earlier that the data rejects Model P by formal tests. In the following we
examine Model P in more detail and give the other Models, A, B, and C no further
consideration in this study.

16To see this derivate the equation for the budget share (4.11) w.r.t. the logarithmic total expenditure.

17A commodity is said to be a necessity if its expenditure (or income) elasticity of demand is less than
one but greater than zero. Considering the budget shares that we use to characterize the consumption
decision this is equivalent with that the budget share of a normal good is a decreasing function of total
expenditure. On the other hand a commodity is a luxury good if the elasticity of demand is more than
one. This in turn means that the budget share is everywhere an increasing function of total expenditure.

!8In the panel relating to Model C we, however, noted earlier that Wi, is a luxury throughout the
range of the total expenditure variable.
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6.4 Cohort and life-cycle profiles in consumption

In the previous section we have examined the age profiles in consumption. These repre-
sent ceteris paribus effects, i.e. in calculating them we hold the other variables affecting
the fit constant. In practice if we observe a typical household all through its lifecycle
we see changes in other variables too. Children are born into the family, they age and
finally leave to start their own independent life as consumers. The income available to
a household typically increases at first and may finally have a down-turn at old age.
Simultaneously, over time there is economic growth present which is reflected in higher
living standards and higher levels of total consumption. Therefore, one may with good
reason argue that showing ceteris paribus effects w.r.t. age in individual surveys is a
good description over only a limited range of values.

To accompany the examination in Section 6.3 we present here alternative and supple-
mentary figures that show the total, marginal effect of the age of the household head.
We label the figures as life-cycle profiles in consumption since in calculating them we
make predictions for all other variables on the basis of the age variables that we allow
to vary over the same range of values as in Figure 6.1.

To be more specific, we calculate estimates for the population means and covariances
of the explanatory variables of our Model P, separately for each individual survey.!®
The predictions for other than the age variables are then calculated using the regression
formula

E(wn(i)|2age w(0)) = (i) + Cozli)Coa ()™ (Zage 1(3) — is())- (6.1)

Above the index ¢, 1 = 66,- 90, refers to the survey in question, and % gives the in-
dividual observation. The vector z,4. includes the age variables that we vary, LAGE,
LAGESQ, and LCOHAGE, and x stands for all other explanatory variables. The popu-
lation means are given by the vector g, and the population covariances are denoted by C
with the subindices referring to the corresponding submatrix within the large matrix. In
contrast to the above rule for the price variables we use the mean values taken separately
for each individual survey.

By the above method we can produce life-cycle profiles in consumption that simulta-
neously take account of the predictable changes in the other variables as well. Of these
effects the most notable one concerns the income effects that operate through the total
real expenditure variables. Over the sampling period the real income and real expenditu-
re of households have increased simultaneously as the households have aged (Table 5.1).
As we saw in Section 6.2 in some cases these effects on the consumption share operate
in the opposite directions and the above method is a convenient tool to examine the
net effect.?? Furthermore, we find it instructive and interesting to visualize the cohort

1%In estimating the population variates we naturally use the sampling weights (Section 3.1). These
are formed as the inverse of the probability of being included in the survey with non-response properly
allowed for in the calculation of the weight, see Section 3.1, and Laaksonen [1988].

20Tn principle one could obtain similar patterns by calculating the mean shares from the raw data
over a suitably defined partition over the values of the age variable. Here we would probably run into
difficulties that are due to sample variability if the partition is fine enough, and we feel that our method



effects, between surveys, and life-cycle effects, within surveys, in one figure.

In Figure 6.2 we show the life-cycle profiles in consumption for each survey. In addition
we have shown typical cohort paths of households by connecting the profiles relating to
individual surveys with dotted lines reflecting the way how a typical household moves
through the life-cycle profiles relating to the different surveys as time passes. For example
in the top left hand side panel are shown the life-cycle profiles in consumption for the
share of Food consumption. We take households at ages 20, 30, 40, 50, in year 1966 and
follow their movement through the picture over the 24 year time period that is available
to us. This movement is shown by the dotted lines, eg. point in the curve for year 1966
that corresponds to the age 20 is connected to the point in the curve for year 1971 that
corresponds to the age 25, e.t.c.

One finds that changes in the values of income (and other) variables across surveys
have caused the expenditure share of Food to fall dramatically over the sample pe-
riod, although the effect that depends on age alone is having a slowly upwards creeping
influence on the curve. Interestingly enough we find that between the years 1976 and
1981 there is hardly any movement. This may reflect the fact that the economic growth
was slacking in the time period in question.?! Note that we have not connected curves
with cohort lines in categories W, and W; since here the life-cycle profiles in consump-
tion move closely together and the inclusion of lines would only make the corresponding
panels messy.?? In category Wg, Education and Entertainment we find totally opposite
effects to those in category, Food. Here the life-cycle profiles in consumption are decrea-
sing w.r.t. the age variable but income effects across the surveys cause the cohort effect
to be a clearly increasing one.

It is interesting to note that in the category W5, Transport and Communication, the
curves are decreasing w.r.t. the age but a simultaneous increase over time in living
standards causes the expenditure share of an individual cohort to be nearly constant,
especially so in the younger cohorts of the data. In contrast in category Wj, Clothing
and Footwear, the income effects strengthen the downward movement as the household
ages when cohort effect is considered.

that includes a large number of explanatory factors instead is preferable.

21Change in data collection methods that took place in 1981 could also play a role here, see the
previous discussion in Section 5.1, but ’reporting’ of Food has actually been on a higher level after 1976
(Table 3.2).

*ZNote that the vertical distances between the curves in category Wi are of comparable absolute
level than say those of Ws. The selection of a scale to the panel plays naturally a role here. We feel,
however, that relative differences between the curves more properly measure the changes in consumption
structure over time which are our main interest.



0.40

0.05

L. — —
0.0026~ 25 30 35 40 45 50 55 60 65 70 75 80

.12 Il
0.10 [*22 %0,
. | ™. oo,
7 LTS
3 R . "‘"tqyuooo.u
o N * 20900000, 04000000000 000000

o
2
2

° 1966
0041 (- 1971
-~ 1976 0.10 - 1976
— 1981 — 1981
002} fo— 1985 .05 o— 1985
— 1990 - o 1390
000,735 36 35 40 45 50 55 66 65 70 75 80 0005 55 30 35 40 46 50 55 &0 65 0 75 a0
Age of household head Age of household head
Figure 6.2. Model P, Cohort profiles in 1966—90 varioble W5 Figure B.2. Model P, Cohort profiles in 1966—90 variable W6
0.10 0.06
nos

0.35

Budget share
o
o
3

Figure 6.2. Model P, Cohort profiles in 1966—~9Q0 varigble W1

o eassesteseesertedosrEleiRIeeN
sosasssees
sesoe; )

.
SURPRRTE L LS bt

~— 1990

Age of household hegd

Figure 6.2. Model P, Cohort profiles in 1966—~90 variable W3

Figure 6.2.

Model P, Cohort profiles in 1966—-90 variable W2

0.08

0.05

Budget share
o o
[ {

o
[

0.0t

s

1986
1971
1976
1981
1985
1990

0.0050 25

30

35

Figure 6.2. Model

40 45 50 55 60
Age of household head

65

P, Cohort profiles in 1966—90

70 75 80

variable W4

0.08
4 <
So.0s 2
@ ®
k] b
< g
a0 o 1966 ® °
-- 1977 -
-~ - 197\ —
o.02f |[— 1981 — 1981
a— 1985 oot e— 1985
*~— 1990 — 1990
0.00. — i 600 L
005 25 30 35 40 45 50 55 60 65 70 75 80 200 25 30 35 40 45 S50 S5 60 65 70 75 80
Age of household head Age of household head
Figure 6.2. Model P, Cohort profiles in 1966—3Q variable W7 Figure 6.2. Model P, Cohort profiles in 1966—90 variable W8
0.28 — 012 —— ——
° 1966
0.24 -- 1971 0.10
— 1978
-— 1981
0.20 o 19085
R — 1990 g oo
2016 PRae TS 3
- % 0.06
& &
©0.12 3
a e @
*oee,, 0.04
0,08 IARLITR Pt
0.0 002
000,535 35 35 46 45 50 5 &0 65 70 75 80 000, 25 30 35 40 45 50 o5 60 65 70 75 80

Age of househald head

Age of household head




In all the categories considered above, one can observe an ordering in the curves
which is more or less the same as the survey years give. In the category Ws, Health
Care, however, the curves form two separate groups with the last two surveys, in 1985
and 1990 being on a higher level than the others. This is exactly the same period when
reporting has been on a higher level than earlier (Table 3.2). As a sideline we also note
that the life-cycle curve for the category W,, Beverages and Tobacco is at the highest level
in 1971 if one considers those of under 30 years old. In the two latest surveys the curves
are on a lower level at these values of the age variable. Note that we have not included
in the model variables that would capture the liberalization of alcohol policy that took
place in the late 1960’s and resulted in a marked increase in alcohol consumption in
Finland. The reason for the behaviour shown in our curve is probably due to the fact
that the changes in the values of explanatory variables across the surveys capture the
structural changes that took place in late 1960’ and early 1970’s in Finnish society.
These included an increased inflow of people into cities as labour moved from rural to
urban areas, and more rewarding earnings possibilities especially for the young people
entering the workforce. The above observations by no means exhaust the possibilities
of interpreting the effects that are shown in Figure 6.2. We leave these to an interested
reader.



Chapter 7

Consumption Structure, Household
Composition, and Other Effects

7.1 Consumption structure and household compo-
sition

Household composition is expected to be a major factor that affects how total expenditu-
re is allocated among the component categories. One of the earliest authors to examine
the influence of family composition on consumption was Ernst Engel [1895]. He initiated
the estimation of equivalence scales. Since then especially the determination of the cost
of children has been a major industry within the broader area of consumption research.
These studies have an immediate application in welfare policy since they give a useful
tool that can used to control for changes in the size and composition of households in
order to arrive at meaningful comparisons of living-standard, on these points see Deaton
[1986] and Pollak and Wales [1981].1 In this study our ambition level is more moderate.
We do not try to estimate meaningful and theoretically consistent equivalence scales but
return to these question in a follow-up study.

In this section we use Model P (Table A3.6.) to present a rough picture how chan-
ges in the composition of household, i.e. the number of children, adults and old-aged
persons and the gender of the household head, affect the expenditure shares in the nine
component categories of consumption which are examined in the study.

First, recall that the total expenditure variable that is used in our study is calculated
per the number of equivalent adult members in the household. Therefore, the model
already includes a rough measure of equivalence scale that is based on the convention
introduced by OECD. We readily admit that this scale is at best a rough first approxi-
mation to a more relevant measure. We have, however, included in the model several

UIn fact the question how households allocate purchases among family members is more subtle than
indicated above since there may be bargaining type elements involved in the process. These latter aspects
invalidate the standard neoclassical theory and in particular the symmetry of cross-price responses but
have testable implications on allocation within the household, see Manser and Brown [1980}.
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other variables and interaction terms with the real expenditure variable that capture the
effects of household size and household composition. Therefore even if the OECD-scale
is a poor proxy these other variables correct for its influence and the estimated net effect
is hopefully quite near the proper one.?

On the other hand, consider the case where the equivalence scale is independent of
relative prices, as such a highly implausible assumption, and additionally that we have
used the ’correct’ scale to adjust for real total consumption. In this case one would
expect that all variables that are related to the size and composition of households
have statistically insignificant coeflicients if entered in the budget share equations. An
immediate examination of the estimation results reported in Table A3.6 reveals that
the null hypothesis that consists of using real expenditures adjusted for the number
of equivalent adults calculated with the OECD-scale is rejected by the data and the
preliminary adjustment for household size is not sufficient. Furthermore, in several
instances the estimated coefficients are both highly significant statistically and have a
marked influence on the fit indicating that family composition and size have an important
effect on consumption in Finland. The coefficients that can be interpreted as capturing
the left-over influences to individual categories have a varying pattern of signs.

The gender of the household head enters the budget share equations with coeflicients
that are both highly significant statistically and have marked influence on the fit (Table
A3.6.). If the household head is a female then the budget shares of the categories Wi,
Food, and W, Beverages and Tobacco are on a lower level. In contrast, the shares of
W3, Clothing and Footwear, and W,, Housing are increased. The parameter estimate
corresponding to the category Wi, is statistically insignificant, and the budget shares
for W7, Transport and Communication, and Ws, Education and Entertainment are on a
higher level if the head of the household is a male. In the residual category we find a small
increase in the budget share in female households. If slope coefficients are considered
where we allow for corresponding changes in the gender variable the slope is changed
to the same direction as before in the last five categories but in the categories Wi,
and W, the slope is having a change to the opposite direction. If the above influences
are compared with the Engel curves in consumption one cannot find any immediately
recognisable pattern. However, in most categories the gender variable, if head is female,
is producing effects that operate similarly as aging of household heads (Section 6.3).

Examination of the other coefficients in model P that are related to household compo-
sition is not easy because one has to bear in mind that the household size and composition
operate simultaneously through several variables. First, introducing an additional child
to the household directly affects the variables CHILDREN, the number of children,
HHSIZE, the household size and HHSIZESQ, the quadratic term in the previous variable.
The most difficult ones to fathom are those influences that change the slope of the Engel

%A clear deficiency in the OECD-scale is that the age of persons in the household is not properly
accounted for although it has a major influence on consumption, as we already found out in Chapter 6.
Second, it has been argued the economies of scale w.r.t an extra member in the household is not
accounted for to the full extent. These effects are particularly strong in the case of durable goods, but
should be less striking eg. in the category Wi, where Food expenditure is considered.
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curve and that accrue through the variables interacting with real total expenditure. The
last variable note, is itself influenced by these factors through the OECD-scale (Section
3.2.3). However, recall that in forming the real expenditure variable we have subtracted
a constant from it which corresponds to a typical value. Therefore, at value 7 = 0 the
effects of household composition can be assessed directly by not taking into a account
the real expenditure variables. This helps interpretation if we are satisfled with looking
at the influence near the typical value of the real expenditure variable. However, house-
holds with several members have naturally higher total expenditure. If the OECD-scale
is a reasonable scale to adjust total real expenditure for the number of equivalent adults
one can rely on the above remark in these cases as well if we do not depart too far from
the typical value, calculated in this case per the number of equivalent adults.

If the whole range in the total expenditure variable is under consideration one has to
collect all the relevant variables. It is useful to get an approximation to the OECD-scale
to express it in the same variables that are used in our model. An approximation of the
OECD-scale® which is useful in relating to the other variables the combined effect of the
parameters of the real expenditure variables and of the scale variable, is given by

log(scale) = log(1 +0.7(na — 1) +0.5n.) = 1og(0.7) + log(n) + log (1 toa- Eil)

— AN,

log(0.7) + log(n) + ‘ln— (7.1)

Q

where n, is the number of children and n, is the number of children, and the coefficients
are a; = 3/7, az = 2/7. The approximation is excellent if the size of household, n > 2,
and the number of children in household is not too large relative to the total number of
members, say n, < 2n,. .

Figure A4.1 provides a graphical presentation of the separate influences on consump-
tion which are due to both total expenditure and household composition by presenting
the fit of the budget shares in categories Wy,-Wy. The curves are given for six different
household types. Here we give the corresponding fit for the consumption of Food, W;.
The household types are, starting from the top left panel, a single young female, a single
young male, a pair with two children, a pair with four children, an old, retired pair,
and an old female.* The Engel curves are provided separately for each survey, and the
range in the values of total real expenditure shown is based on the scale of values ty-
pically encountered in the survey, i.e. the mean of logarithms +2SD’s, calculated for
each specific household type.®

3The OECD-scale is calculated as follows the first adult in the household gets weight 1, and each
additional adult gets a weight 0.7. Furthermore, the children (under 18 years of old) get weight 0.5.

41t is widely acknowledged that children of differing ages may have different impact on consumption.
It is customary to make a distinction between children under school-age, in lower grades in school, and
teenagers. In this study we have to refrain from a more detailed analysis that aspects like this imply
due to lack of data.

SNote that presently we are using total real expenditure which is not calculated per equivalent adult
member in contrast to the procedure used in the figures of Chapter 6.
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To facilitate easy comparison across household types the two bottom panels gives the
Engel curves for 1966 and 1990, respectively. A comparison between the last two panels
shows the effect of improved living standards and increased consumption possibilities
that have occurred in the 24 year time period.

One finds that the budget share of Food consumption Wy, is markedly influenced by
household size with the single female households having the lowest share of Food if other
effects are held constant. This is what we expected by common reason and previous
studies since economies of scale w.r.t. the household size and number of children should
not play a major role in this consumption category. Food consumption seems to be a
necessity if considered w.r.t. the size of household.® Note that larger households also
tend to have higher levels of total real consumption and the combined effect calculated
at the mean values of logarithmic real consumption shows that the actual shares of Food
consumption differ considerably less. This is a feature that we will find in the other
categories of consumption as well and it shows that the preliminary adjustment of the
real expenditure variables by the OECD-scale is not too far off the mark. In fact, as we
noted above the individual coefficients of the demographic variables related to the size
and composition of households do provide with a reasonably undistorted picture, even
not accounting for the effects accruing through the real expenditure variables.

In the case of Housing and Energy, W, we find that old females have particularly high
expenditure shares whereas the households with children have the lowest share. Here one
may find economies of scale operating. One may hypothesize that liquidity constraints
have prevented full adjustment in the size of dwelling to account for household size in
the case of young households with children, or alternatively that housing services are a
luxury w.r.t. the household size, similarly as they were found to be a luxury w.r.t. the
total expenditure variable in Chapter 6. Need for space and other housing amenities
seems to depend more on economic resources than on family size. The other types
presented, retired pair and the two single member households have Engel curves that lie
quite near each other.

Households with a single male seem to find most use of Tobacco and Beverages, W,
with the old pair, and female households consuming least. If there are children present
the share is not much affected. Since the category consists mainly of ’adult goods’
the results indicate that this category has less substitution possibilities for the goods
consumed by children. Similar observations hold w.r.t. the category Wy, Transport and
Communication, with a qualification that young females also seem to have a relatively
high expenditure share. The category Education and Entertainment, Wy can be broadly
seen as giving a similar picture. The opposite holds for expenditures on W, Health Care
with old age persons consuming most. Allowing for the higher level of total consumption
by the household types with children they seem to have quite similar expenditure shares
at mean values in all the previous categories W,, W, Wy, and W;s as the households
with a single young member.

SNecessity, or luxury w.r.t. the household size is naturally measured with an inverted scale w.r.t. the
size variable, ¢f. with the expenditure function formulated per the number of members in the household,
see Section 4.1.



In the category Household Appliances and Furniture, W5 the economies of scale shine
clearly through with the three types of households with a single member having the
highest share with the Engel curves lying almost on top of each other. An alternative
interpretation is that Ws is a relative luxury w.r.t. the household size. Note that old
pairs have somewhat low budget shares. A quite similar picture is offered in the category
Wj3, Clothing and Footwear. A qualification that we make is that males seem to account
for their higher consumption in category W, by spending a little less on clothing than
the other household types with a single member. Note that in this study we could not
differentiate children w.r.t. their age due to lack of data. Therefore it is possible that the
age variables that we use may pick up some effects that are due to family composition
and therefore are taken into account elsewhere. Especially older children with more
expensive clothing and possibly more response to fashion should have a larger effect on
the budget share than is seen here.

The residual category Wy seems to include goods and services that are either in
greater demand by the single member households or as having among them commodities
that have economies of scale involved, for example service fees. In the latter respect
the panel referring to the year 1990 gives a clearer picture than the one referring to the
starting survey 1966. Recall that the residual category has increased its share probably
by repeated introduction of new goods and services that were not previously accessible
to consumers, or like banking costs not previously charged for, and not included in
consumption. Similarly, 'underreporting’ has been on a lower level in the more recent
surveys (Table 3.2).

To give a short summary, those activities that take place outside home seem to be
more preferred by households having a single young member. In contrast, in those
consumption activities that take place mostly at home one finds both economies of scale
and more preference by old-aged persons. Food consumption and consumption of Health
Care, Ws have effects that one would consider reasonable from physical reasons alone.

Finally, just to give a rough idea of equivalence scale calculations, measure the ho-
rizontal distance of the budget share curves referring to a single young male and a couple
with two children. Choose a starting point where the distance is measured as the mean
of logarithmic expenditure in the group corresponding to the former curve. A coarse
estimate for this number is a little above one in categories Wy, Wy, Wa, W;, and Wy,
and less in the category Housing and Energy, W,. The former values correspond to
a roughly three-fold increase in total expenditures which is not too far away from the
corresponding value 2.7, given by the OECD-scale.

7.2 Other effects

In this study we pick up only a few effects to closer examination, and leave a more detailed
analysis to an interested reader (Table A3.6). Start with considering the regional effects.
The variable MIDDLE refers to a less populated part of the country in the middle
of Finland. Similarly, the variable NORTH corresponds to the North of Finland and
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Lapland where there are extremely few people. The coeflicients seem to have similar signs
if compared to the reference case which is the South of Finland with the NORTH having
the more extreme influences. In particular, holding other effects constant expenditures
on Transportation, Wy, Clothing, W3, and Housing and Energy, W, seem to be on a
higher level in the North with the counter-balancing reductions made in the categories
Beverages and Tobacco, Wa, Health Care, Wg, Education and Entertainment, Ws, and
the residual category, Wy. This is sensible in view of the colder winter there.

If households that live in rural areas, variable RURAL, are considered we find a similar
pattern of effects with additional decreases and increases made in the above categories
with the exception that the budget share of Clothing W3, is not so markedly affected.
The estimated parameters of the regional variables may have been affected by omitted
variables. In particular permanent, regional differences in relative prices may have been
important. Note also that greater distances in the more thinly populated areas mean
more costs of shopping in the form of extra money and time involved by the need to
communicate over wider distances.

If the socio-economical status of the household head is examined we find that far-
mers, variable FARMER, spend quite little on Tobacco and Beverages, W, and more on
Housing and Energy, W, than the reference group that consists of blue-collar workers.
Similarly, as the former households tend to have older members there seems to be some
effects that are left over even after accounting for the influence of the age variables.
These make them spend more on Health Care, Ws and less on Education and Entertain-
ment, Ws. On the whole in the Farmer group most of the influences can be interpreted
similarly as the regional effects but they are sometimes even more marked than the ones
encountered previously.

If self-employed and private entrepreneurs, variable SELFEMPL, are considered we
find that they spend more in Clothing, W3 and in the residual category, Wy making
the corresponding reductions across the other categories. If white-collar workers are
considered the effects are quite similar to those in the previous group. On the other
hand, in households with the head not belonging to the labour force, variable RETIRED,
consisting typically of older persons but also students belong to this group we find that
they spend more on Housing, W, and Health Care, We and less on Food, W, and
Transportation, Wy. These effects operate in the same direction as those that we found
when age profiles in consumption were considered.

On education variables we have little a priori reasons to expect marked influences,
especially so since other variables (total real expenditure) have already been taken into
account in the model. However, note that these variables serve also for proxies for
human capital. Households attaining the higher educational levels seem to spend less
on the category W,, Beverages and Tobacco, and more in the category Wy, Education
and Entertainment than the reference group. The same tendency is seen in a dampened
manner in those who have attained the middle levels in education.

In estimating the allocation of consumer demand among the component categories
we have conditioned on a number of variables that correspond to decisions that are
made on a long term basis but can be considered as predetermined when the current



allocation decision is made. One could argue that the analysis would need at least to
endogenize these decision and preferably estimate models for these as well, see Blundell
et.al. [1993]. However, the latter procedure is in our opinion out of the reach of the
current econometric estimation technology and the data that is available to us. We have
previously given arguments for using a modelling strategy that is based on forming the
conditional expectation of the total expenditure variable in lieu of using an intertemporal
model at the outset.

On the other hand, if the the intertemporal indirect utility function is separable
and separability holds w.r.t. leisure and consumption one should not observe these
variables entering the budget share equations independently. However, our indicator
variables have statistically significant coefficients in most, of the component equations.
The variable SPOUSENW, is an indicator of the spouse’s labour supply decision having
value zero if there is some labour supplied and one, otherwise. The decision clearly
affects the amount of leisure, or time available for work in home. Increase in leisure is
accompanied by a corresponding increase in the share of Housing, W,, Health Care, Wy,
and Beverages and Tobacco W, with the most savings made in the category, Education
and Entertainment, Ws. Similarly, the budget share for W3, Clothing and Footwear has
a lower level in this case. Somewhat surprisingly we see a slight decrease in the share of
the category W, Transport and Communication if there is labour supplied. Browning
and Meghir [1991] have earlier observed the importance of labour supply variables in
budget share equations, and our results seem to give additional evidence on that leisure
is not separable from the consumption of commodities at the level of categorization that
we consider.

The availability of a car in the household, variable CAR, has marked influences on
the consumption pattern with owning naturally increasing the share of Transport and
Communication, Wy. The corresponding savings are made across all other categories.
Similarly if the household has a weekend house, variable WEHOUSE, it indicates inc-
reased needs of transport and communication services with reductions made elsewhere.
However, note that share of Housing and Energy, Wy is not affected, a quite natural re-
sult. The type of heating system that households have installed, variable CENTHEAT,
is having a large effect on the costs in Housing and Energy, W,. The dwelling type, small
house, variable SMHOUSE, have similar effects with again increased costs in Housing
and Energy, Wy, and Household Appliances and Furniture, Ws. Families that live in
semi-detached houses, variable SDHOUSE, have rather similar influences as the pre-
vious group but spend more on Education and Entertainment, Wy and Transportation,
W. This in turn is a feature that may be a consequence of that most of these house-
holds live in sub-urban areas near population centres, and the variable serves also as an
indicator of real wealth. If people are renters, variable TENURENT, they seem spend
less on Housing and Energy. On the other hand, the choice of renting should in principle
reflect more need for housing services relative to the portfolio demand of housing as an
asset. However, in Finland the rental markets of housing have been heavily regulated in
the time period of our study, and in some cases owning may a corner solution due to the
implicit rationing in the rental markets. In a substantial part the rentable apartments
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have been publicly provided to those passing a means-test, and only preset (restricted)
~ dwelling sizes have been available. Similarly, the other effects that we have picked up
above may have been affected by the fact that these variables serve as proxy for real
wealth.
Finally, we find some seasonal effects in consumption. These are relatively straight-
forward to interpret but we shall not discuss them.



Chapter 8

Price and Expenditure Elasticities
of Household Demand

8.1 Imposing adding-up and symmetry restrictions
on estimators

In the last part of the study we report the elasticity measures of the effects on demand by
the price and total expenditure variables. First, note that since we are using an allocation
model which is based on a flexible form to represent these effects the elasticities are not
constant if different household are compared but vary depending on the values of the
above variables but also on the values of our other explanatory factors. The latter effects
have already been discussed in Chapters 6 and 7.

Second, the estimation results that have been presented so far on our preferred Model
P are based on the method of estimated quasi maximum likelihood (EQML), where hete-
roskedasticity of the disturbances and preliminary fits by instruments has been accounted
for. The estimation method that we use is relatively complicated. Therefore estimation is
done in an equation by equation manner and its extension to handle systems of equations
is not straightforward. For example, one cannot directly impose parameter restrictions
across equations as would be needed in testing of the symmetry in the -y parameters by
either maximum likelihood or score tests.

Furthermore, the adding-up constraints of the model parameters are not necessarily
valid at the estimates that we obtain since in effect the individual observations are
weighted on the estimated skedastic function in the estimation method. On the other
hand, homogeneity of demand w.r.t. the prices is easily handled by using a simple
transformation of the price variables. However, since our estimators are unbiased only
asymptotically there may be some small sample bias in the estimators. Particularly
50, since the method that we use is essentially a two-stage one with preliminary fits of
the conditional expectations of the endogenous factors substituted for the theoretical
variables in the second stage.

Instead we calculate a Waldian test of these restrictions using the unrestricted form

98
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of Model P, as the base line. To recall from Section 4.3, lei the set of linear parameter
restrictions be written as a matrix equation Ro = r, rank(R) = p, where « is a vector
that is obtained by collecting together the parameters in all individual equations. The
Wald test statistic which has under the null hypothesis the asymptotic y2-distribution
with p degrees of freedom is given by

-1
Wy, = (R& —r)" (RVRT) ™ (Ré ~r), (8.1)
where V is the covariance matrix of the model parameters, and & is the unrestricted quasi

maximum likelihood estimator of the parameters.! The results are given in Table 8.1.

Table 8.1. Tests of the adding-up and symmetry constraints, Model P.

Adding-up | Symmetry | Symmetry &
Adding-up
x2-statistic 1461.8 621.5 2032.2
Degrees of freedom 45 36 81
P-value S 6—100 S 6—100 S 6—100

The data strongly reject both restrictions on the estimators. In spite of this we go
‘on to form estimators that satisfy these restrictions since in the case of no theoretical
constraints operating, it would be hard to give any economic interpretation for the elas-
ticity estimators. Starting from (8.1) one can form a linear function of the unrestricted
estimators which satisfies the constraints Ra = r setting

&=a+VRT (RVRT)” (r - Ré). (8.2)
The above estimator has the asymptotic covariance matrix
Cov(a) =V — VET (RVRT) " RV. (8.3)

The estimator & is the best unbiased linear transformation in the sense that it has
under the null hypothesis the smallest asymptotic covariance matrix in the set of esti-
mators that are linear functions of the unrestricted estimators & and satisfy the linear
constraint Ra = r. Table 8.2 provides the estimates based on (8.2) which have both the
adding-up and the symmetry constraints imposed.

Tif R has less than full row rank one substitutes a corresponding generalized inverse for the inverse
matrix in the middle of (8.1).




Table 8.2. Estimation results, Model P, both restrictions imposed.

Food Beverages Clothing Housing Household
Variable Tobacco Footwear Energy Appliances
Param. T Param. T Param. T Param. T Param. T

CONSTANT | -29.5699 | -5.19 [ -38.4857 | -19.95 | 25.8789 7,54 | 76.4748 | 12.45 | 29.8201 | 10.44
LCOHAGE -2.9872 | -6.91 0.4014 2.16 0.4678 1.54 3.9071 8.20 1.9928 | 8.04
LAGE 32.7057 | 10.20 | 24.3711 | 21.70 | -10.1155 | -5.24 | -37.7358 | -10.91 | -13.6025 | -8.42
LAGESQ -3.6635 | -8.65 | -3.4125 | -23.04 1.1986 4.67 52178 | 11.31 1.4799 | 7.23
HHSIZE 0.8774 8.86 | -0.0902 | -3.12 0.4923 852 | -1.0956 | -9.84 | -0.2881 | -6.79
HHSIZESQ -0.0422 | -3.93 0.0164 513 | -0.0324 | -537 0.0178 1.43 0.0078 | 1.82
CHILDREN -0.6627 | -9.85 [ -0.4166 | -19.02 0.0711 1.88 2.3401 | 31.69 0.1661 | 5.85
FARMER -0.9803 | -6.84 | -0.7962 | -16.25 0.0639 0.81 3.56187 | 22.35 | -0.0959 | -1.68
SELFEMPL -0.5942 | -3.35 | -0.1894 | -3.26 0.6442 6.08 | -0.5268 | -2.73 0.05630 | 0.72
WHCOLLAR | -0.2328 | -2.11 | -0.2524 | -6.95 0.5816 8.78 | -1.7522 | -14.79 0.1025 | 2.24
RETIRED -1.6337 | -10.86 0.0468 0.96 0.0164 0.19 2.0701 | 1241 | -0.0621 | -1.02
EDUCM -0.2656 | -2.79 | -0.1711 | -5.43 0.2540 4.56 | -1.0502 | -10.25 0.1841 [ 4.55
EDUCH 0.1027 0.67 [ -0.6119 | -12.43 0.3332 3.69 ) -3.2280 | -19.13 0.3415 | 5.07
FEMALE -1.0691 | -10.21 | -0.7385 | -21.03 1.4025 | 19.54 1.3596 | 11.72 0.0222 | 0.50
OLDAGE -0.1696 | -1.92 [ -0.0105 | -0.35( -0.3592 | -7.15 2.0884 | 20.77 0.0908 { 2.52
SMHOUSE -0.4285 | -4.19{ -0.2052 | -6.17 | -0.4323 | -7.28 2.2625 | 20.27 0.1138 | 2.55
SDHOUSE -0.7183 | -2.72 0.1184 1.33 0.6836 4.13 | -0.5448 | -2.08 0.2050 | 1.90
TENURENT 1.0176 9.08 0.9576 | 21.61 0.5095 7.36 | -2.5341 | -21.38 | -0.1610 | -3.42
TENURKIN 0.7246 4.13 0.5430 8.96 1.2037 | 10.90 | -2.6382 [ -14.52 | -0.1010 | -1.37
CENTHEAT -1.6211 | -13.88 | -0.3112 | -8.37 | -0.5400 | -8.16 2.2678 | 17.64 | -0.0185 | -0.41
WEHOUSE -0.6164 | -6.38 | -0.1904 | -6.04 | -0.2130 | -3.80 0.3212 3.03 | -0.0107 | -0.26
BATHROOM | -1.8397 | -14.19 | -1.0420 | -22.11 0.2373 3.30 28347 | 19.04 0.1859 | 3.65
MIDDLE -0.1704 | -1.98 | -0.2186 | -7.56 0.0992 1.97 0.8750 9.34 | -0.0199 | -0.56
NORTH -0.3044 | -2.64 | -0.1468 | -3.86 0.4094 5.91 0.2465 1.98 0.1350 | 2.74
RURAL -0.2477 | -278 | -0.0828 | -2.80 | -0.1041 | -2.03 0.1041 1.10 | -0.0360 | -0.99
SPOUSENW -0.4341 | -4.71 0.0837 2.80 [ -0.8678 | -15.10 2.3574 | 23.55 | -0.1242; -3.22
CAR -2.7738 | -23.34 | -0.6370 | -17.52 | -1.2467 | -18.18 | -4.7846 | -36.11 | -0.2085 | -4.67
WINTER -0.75618 | -7.27 | -0.4015 | -10.93 | -0.2288 | -3.66 1.3135 { 11.63 | -0.2581 | -5.56
SUMMER 2.5005 [ 21.38 { -0.0187 | -0.49 | -0.6185| -9.35| -1.2213 | -10.24 ) -0.3958 | -7.64
AUTUMN 0.4532 440 | -0.1106 | -2.86 0.6644 | 10.14 | -0.6718 [ -6.00 ; -0.2581 | -5.35
LP1 13.3620 | 14.35 | -1.0803 | -2.16 2.9621 4.86 | -3.7259 | -4.71 [ -1.4945{ -2.69
LP2 -1.0803 [ -2.16 3.7715 3.17 | -2.7937 | -4.07 2.4069 3.78 | -0.0639 | -0.10
LP3 2.9621 4.86 | -2.7937 | -4.07 0.5917 0.59 7.2475 8.73 | -4.6460 | -7.46
LP4 -3.7259 | -4.71 2.4069 3.78 7.2475 8.73 5.8474 4.40 0.7372 | 1.08
LP5 -1.4945 | -2.69 | -0.0639 | -0.10 | -4.6460 | -7.46 0.7372 1.08 2.8576 | 3.43
LP6 -1.3430 1 -390 { -2.6820 | -4.88 ) -3.6033 | -7.99 | -2.5043 | -5.96 0.3765 | 0.77
LP7 -0.9192 | -0.89 | -1.7990 [ -1.79 | -3.6190 | -3.13 | -3.5956 | -2.58 | -2.2046 | -1.87
LP8 -2.9932 | -3.72 0.3154 0.22 0.0951 0.07 | -3.6912 | -3.05 7.0479 | 6.14
ILNXR -12.8407 | -28.16 0.3952 1.84 1.8984 6.57 6.2111 | 12.28 0.4934 [ 1.82
ILNXCH -0.4878 | -2.96 0.0602 0.95 0.2167 1.98 | -1.1223 ( -6.59 ) -0.1675| -1.93
ILNXFEM 1.7909 5.80 1.1652 836 | -0.0818 | -0.38 | -0.2065 | -0.65 | -0.5571 | -2.86
ILNXSIZE 0.4700 3.38 | -0.2236 | -3.98 | -0.6137 | -6.87 2.2830 | 15.58 | -0.0326 | -0.44
ILNXSQ 4.5882 1 13.68 | -0.5707 | -3.82 | -1.4309 | -6.20 0.9325 2.68 | -0.8542 | -3.84
LNRELX -0.0167 | -0.04 0.0028 0.01 0.0119 0.05 1.2088 3.00 0.6235 | 2.29
LP9 -4,7681 | -7.75 1.9251 1.69 3.7655 4.86 | -2.7221 | -3.56 | -2.6104 | -2.79
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Table 8.2. Estimation results, Model P, both restrictions imposed.

Health Care Transport, Education, Other Goods
Variable Communication | Entertainment and Services
Param. T Param. T | Param. T Param. T

CONSTANT | -5.4247 | -4.64 | 53.0089 9.79 | 2.8676 0.80 ( -14.5701 | -6.78
LCOHAGE 0.7439 5.68 | -1.0261 | -2.05(-2.9883 | -7.83| -0.5114 | -2.38
LAGE 3.2566 4.87 | -19.3775 | -6.34 | 9.1998 4,53 | 11.2982 9.31
LAGESQ -0.4507 | -5.13 2.2658 5.63 | -1.2019 | -4.63 | -1.4334 | -8.87
HHSIZE -0.1882 | -8.96 0.3323 3.64 | 0.0829 1.46 | -0.1220 | -3.44
HHSIZESQ 0.0076 3.49 0.0566 5.51 { -0.0426 | -7.12 0.0112 3.02
CHILDREN -0.0322 | -2.43 | -1.6221 | -23.27 | 0.4336 9.94 | -0.2775 | -10.33
FARMER 0.1899 6.07 [ -0.7758 | -5.47 | -0.9044 | -10.70 | -0.2198 | -4.36
SELFEMPL 0.0254 0.66 | -0.5996 | -3.17 | 0.1983 1.70 0.9892 | 12.26
WHCOLLAR | -0.0345 | -1.44 0.3097 2,79 | 0.7297 9.85 0.5485 | 11.74
RETIRED 0.4354 | 11.73 | -1.0292 | -7.35 ] -0.1714 } -1.88 0.3276 5.47
EDUCM 0.0208 1.02 0.2421 2.56 | 0.5253 8.44 0.2606 6.65
EDUCH -0.1484 | -4.60 0.7753 509 | 1.6662 { 1547 0.7694 | 11.11
FEMALE 0.0336 1.39 | -1.2311 | -11.82 | -0.4460 | -6.59 0.6668 | 12.69
OLDAGE 0.2357 | 11.25 | -1.4236 | -16.87 | -0.2739 | -5.24 | -0.1780 | -5.21
SMHOUSE -0.1970 | -8.51 | -0.0089 [ -0.09 | -0.7076 | -10.60 | -0.3968 } -8.85
SDHOQUSE -0.1363 | -2.47 0.2398 0.95 | 0.2465 1.43 | -0.0938 | -0.97
TENURENT | 0.0660 2.68 { -0.3199 | -3.07{ 0.4761 6.51 | -0.0118 | -0.26
TENURKIN 0.1519 3.95 | -0.1136 | -0.67 | 0.1109 0.97 0.1187 1.67
CENTHEAT | -0.0187 | -0.73 0.1567 1.41 | 0.0759 1.10 0.0091 0.20
WEHOUSE -0.0365 | -1.71 0.5820 5.86 | 0.0191 0.31 0.1447 3.55
BATHROOM | -0.0273 | -1.01 | -0.2894 | -2.40 [ -0.1685 | -2.22 0.3089 6.05
MIDDLE -0.0219 { -1.16 | -0.1076 | -1.27 | -0.0080 | -0.15| -0.4279 | -12.19
NORTH -0.0860 | -3.40 0.7140 6.11 | -0.4416 | -6.19 | -0.5261 | -11.40
RURAL -0.1525 | -7.63 1.3347 | 15.12 | -0.3082 | -5.47 | -0.5075 | -13.08
SPOUSENW 0.1670 8.16 | -0.2329 | -2.45| -0.9098 | -14.73 | -0.0394 | -1.06
CAR -0.2594 | -10.32 |} 10.9550 | 87.84 | -0.6060 | -9.09 | -0.4390 | -10.77
WINTER -0.0022 | -0.09 | -0.1578 | -1.52{ 0.7241 | 10.81 | -0.2373 | -5.60
SUMMER -0.2895 | -11.25 | -0.6979 | -6.40 | 0.4079 5.83 0.3332 7.45
AUTUMN -0.1765 | -6.83 | -0.5889 | -5.64 | 0.4940 7.14 0.1943 4.43
LP1 -1.3430 | -390 ! -0.9192 | -0.89|-2.9932{ -3.72 | -4.7681 | -7.75
LP2 -2.6820 [ -4.88 | -1.7990 | -1.79 | 0.3154 0.22 1.9251 1.69
LP3 -3.6033 | -7.99 | -3.6190 | -3.13 | 0.0951 0.07 3.7655 4.86
LP4 -2.5043 | -5.96 | -3.5956 | -2.58 | -3.6912 | -3.05 | -2.7221 [ -3.56
LP5 0.3765 0.77 | -2.2046 | -1.87 | 7.0479 6.14 ) -2.6104 | -2.79
LP6 4.2835 8.74 0.1061 0.16 | 3.6044 4.13 1.7619 2.40
LP7 0.1061 0.16 6.0286 2.32 | 2.1040 1.09 3.8986 3.20
LP8 3.6044 4.13 2.1040 1.09 | 3.1569 0.98 | -9.6392 [ -5.98
ILNXR -0.0447 | -0.25 1 -0.6236 | -1.26 | 0.7074 2.37 3.8034 | 12.53
ILNXCH 0.1821 3.87 0.3502 2.22 | 1.0403 | 11.06 | -0.0720 | -1.34
ILNXFEM -0.0912 ; -0.75 | -1.5405 | -5.40 | -0.8664 | -4.74 0.3874 2.64
ILNXSIZE -0.0943 | -2.21 | -0.6435 | -4.84 | -0.8238 | -10.88 | -0.3214 | -6.65
ILNXSQ 0.1560 1.24 | -0.8773 | -2.51 [ -1.7399 | -8.14 [ -0.2036 | -1.23
LNRELX -0.2670 | -1.65 1.1065 2.56 { -0.6808 | -2.39 | -1.9891 ( -6.38
LP9 1.7619 2.40 3.8986 3.20 | -9.6392 | -5.98 8.3887 4.56




Note that the estimated standard errors for the individual coeflicients have a tendency
to decrease if compared with the unrestricted estimators in Table A3.6. This is generally
true since (8.3) states that any linear combination of the model parameters is estimated
now more efficiently. However, the matrix in (8.3) refers to the correct covariance mat-
rix under the null hypothesis. We have given earlier a formula (4.91) to calculate the
generalized mean square error of the estimators if the null hypothesis which is imposed
on the estimators is not true.

In the present case we have no strong reasons of not believing in adding-up constraints
which are related to the budget shares, if the errors enter additively, since the budget
shares that we use satisfy these by construction.? This can be seen as follows. Let the
consumption, labour supply, savings decision in a period be governed by £(m| z), if
consumption is considered in isolation. Here m denotes the total expenditure (expressed
in logarithmic form), and z is the whole set of variables that affect the consumption
decision including currently known price and wealth variables and those variables which
are used efficiently by the household to forecast the future values of these variables.
Here wealth includes human wealth, i.e. the z-variables should have among them factors
affecting labour market conditions and wages in the future. The vector z should naturally
include the currently known price variables. With no loss of generality one may consider
a simplified version of our model to express in a budget share form the allocation decision
how total expenditure is distributed among its component categories:

TkTk

wi = = = o+ )_ ki log gj + B (E(m| 2) — A(q)) + e, (8.4)

2 4525 7

Rationality in forming expectations implies the martingale property of consumption.
This ensures that the error terms €; have mean zero and are independent of the con-
ditional expectation £(m| z). Since Y w; = 1 by construction, taking expectations on
both sides of (8.4) and summing over the index k shows that the equations that are for-
med using conditional expectations of m in lieu of the actual values of total expediture
satisfy the adding-up constraints, which were given earlier (4.7)-(4.9). Similarly the ho-
mogeneity conditions hold providing us with the additional condition (4.3). In contrast,
adding-up of planned expenditure in the various consumption categories to observed total
ezpenditure need not hold, see Bierens and Pott-Buter [1989] and Chavas and Segerson
[1987).2

¥The following remarks are based on an underlying theoretical framework. This set-up is appropria-
te if we consider the allocation decision among the non-durable items of consumption. So far we have
included purchases of durable goods and the acquisitions of these are governed by different, dynamic
considerations possibly interacting with the other variables and the error ferms in the model. These
caveats should also be borne in mind if whether to impose the theoretical restrictions is under conside-
ration. The discussion is really more appropriate when the results in Chapter 9 are considered where
we leave out the purchases of durable goods.

3Note that theoretical considerations would actually recommend not expressing the consumption
decision in budget share form using observed data as the dependent variable but modelling directly
by using conditional expectations and considering the stochastic component as an integral part of the
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On the other hand, it may true that symmetry restrictions are out of place here.
These doubts arise from recalling that we deal with household data which in effect
aggregates the consumption decisions of several persons. So even if one would be a
firm believer in the neoclassical theory as giving the true mode of individual behaviour
the symmetry conditions do not necessarily survive the aggregation and the implicit
bargaining mechanism taking place within the household, see Manser and Brown [1980].

Table 8.3 provides the summary sample statistics which refer to the predictive values
that are calculated using the estimates with symmetry and adding-up constraints impo-
sed on the data.

Table 8.8. Descriptive statistics for predictions.

Variable Mean Std Dev | Minimum | Maximum
FW, 0.2830 0.0686 0.118 0.565
FW, 0.0348 0.0100 0.000 0.072
FWs 0.0688 0.0166 0.014 0.136
FW, 0.2367 0.0566 0.000 0.449
FWs 0.0628 0.0063 0.034 0.101
FWs 0.0288 0.0079 0.007 0.056
FW, 0.1565 0.0621 0.012 0.324
FWg 0.0804 0.0218 0.000 0.142
FW, 0.0481 0.0187 0.000 0.126

8.2 Price and expenditure elasticities

In the study we use the linearized version of the QAIDS functional form (4.11). Recall
the formulae for calculating the elasticities for individual households. First, the uncom-
pensated price elasticities?

_ alog $k(q, m) _ + 610g wk(qam)
k= Olog g1 T dlog g
- 9B ) () — Byt — B
S (Brk + ﬁzkml)b(:ﬂl Burm — Pam ), (85)

model. The stochastic component reflects, measurement errors, unobservables, idiosyncratic differences
in tastes, and possible optimization errors. If observed shares are used one increases the noise in the
data in form of the denominator in (8.4). In fact, this should produce a more complicated (in some cases
intractable) heteroskedastic error term and it is questionable whether the error term enters the model
additively. Therefore, in general, the use of simple additive homoskedastic errors is not well-founded in
the budget share equations, Chavas and Segerson [1987]. We have refrained from this and followed the
usual convention for ease in presenting the results in an intuitive manner.

“Note that the elasticity formulae (8.5),-(8.7) relate to a consumer with "median taste”, i.e. the case
where individual error terms ¢; which include individual taste differences have been set to zero.



where m = log M — log Ps —log n, the logarithmic total real expenditure per the number
of equivalent adults in the household, and « defines the Kroenecker’s function, &;; = 1
if ¢ = j, and zero otherwise. Second, the expenditure elasticities

_ alog mk((Lm) =14 610g wk(qam)
M = OlogM dlog M
1+ M‘ﬂn_ (8.6)

W

Recall that the parameters By are allowed to depend on the observation through a
collection of predetermined variables, 81y = ¥; Birizi.
The compensated price elasticities are calculated by the formula®

Tt = N+ My
Vit + (Brr + 2B26mm)(Burn + Pon?)
Wy

= —Kkp+ i+ . (8.7)

We give the elasticities of aggregate market demand in the survey years, 1966-1990.
The calculations are based on Model P and the estimates in Table 8.2 with homogeneity
and symmetry constraints imposed. Furthermore, we will make some comparisons with
the rough descriptive estimates that we have given in Table 2.2 using the alternative
sources of time series data.®

In calculating the expenditure elasticities at the aggregate level we make the as-
sumption that each household is affected by an equally large relative increase in total
expenditure. This means that no changes in income distribution are considered here. To
calculate elasticities of the corresponding aggregate consumer demand one has to take
account of the sampling framework that was used to draw our samples in the respective
years. In actual calculations we do not form individual elasticities to prevent numerical
instability, underflow in cases where the denumerator in (8.5) and (8.6) is near zero.
Instead we calculate aggregate elasticities with the formula

Olog [ xx(q,m*) dF,, _ Olog [ e'8M 8k (g, m*) dF,
dlogz B Olog 2
[ e°8M* Guy (g, m*) /B log z dF,
[ eosM . (q,m*) dF, ’

= K+ (8.8)

where k = 1 if z = M*, £ = -1 if 2 = ¢) , and zero otherwise. The integration is
taken w.r.t. to a discrete point density function which is constructed using the sampling

5In this study we have used a linearized version (4.11) of the ’true’ functional form (4.6). The
linearized form does not fulfil Gorman’s condition of integration which is equivalent with having a
symmetric Stutsky matrix. The main culprit for this is neglecting the term in the last row of (4.35)
which is obtained by derivating the function By(g). In calculating the off-diagonal Slutsky elements at
the individual level we in fact use the average of the corresponding terms to account for this ’beauty
error.” However, the calculations are little affected by this modification.

®Note, that the variables have only limited comparability if survey data and data from National
Accounts are compared (Section 3.2.1).
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weights dF,,(a) = w,, and for each survey year [, dFi,(a) = S w, = 1.7 In calculating the
elasticities by (8.8), we make a small modification which has little practical consequence
but has rather to conform to our former treatment of the ’errors-in-variables’ problem
concerning the nominal total expenditure variable M. Recall that we assumed log M ~
(m*,02%) and had a preliminary estimator for the m* by m* = ¥, z;%; and an estimator
for the variance of m*, say w? based on the covariance matrix of the estimators for v;,
and the values observed for the z-variables. Here we use this information to substitute
for exp{log M*} in (8.8) which refers to the true error-free variable the corresponding
approximation of the expected value exp{m* — fw?} which refers to our estimator. The
above approximation is based on a cumulant generating function having zero skewness
and zero excess kurtosis. The cumulant generating function is approximated by an
expansion

¥ (t) = log Ee*® s pt + él—'a"’t2 + %ng,#" + %(m - 3)t4,
where p is the mean of the random variable z, and o? is its variance, and k3 and &4 are
the third and fourth cumulant, respectively (k3 = skewness, and x4 — 3 = the excess
kurtosis).

The estimates of the aggregate elasticities are given in in Appendix 4 (Tables A4l
(1),-(vi)). To start at bottom with expenditure elasticities one finds immediately that
the aggregate market demand for the component categories have expenditure elasticities
that are closer to one than individual elasticities taken, say at mean values, or the ana-
lysis in Chapter 6 would suggest. The effect is partly a consequence of the fact that in
aggregating we weight the individual elasticities in such a manner that households with
" individually large expenditures in a specific category get a larger weight but simulta-
neously have elasticities that are closer to one than those with smaller consumption, see
(8.5),-(8.8). This is true if total expenditure is held constant. So even as most of those
effects that are due to observing households with varying total expenditure would cancel
out we will observe a kind of ’regression toward’ one phenomenon. This is a general
feature of aggregation that we shall meet also as we consider the price elasticities.

The mathematical formula that is used to calculate the elasticities in the case of the
QAIDS-form shows that the deviation of its value from the constant « in (8.8) is inversely
dependent on the budget share. This means that holding other variables constant (this is
only an approximation) one should observe expenditure elasticities deviating from £ = 1
over time in those categories with aggregate share decreasing (expenditure elasticity less
than one or an unfavourable change in demographics). On the other hand, in those
categories with aggregate share increasing (expenditure elasticity more than one or a
favourable change in demographics) we should see expenditure elasticities which get
closer to one. This is a general feature that is observed in the other elasticities as well.
These effects are clearly observable in Tables A4.1 (i),-(vi), and Figure 8.1 where the
evolution of aggregate elasticities is shown over the 24 year time period.

"The sampling weights are the inverse of the individual probabilities to be included in the sample
with each survey year considered separately and nonresponse treated accordingly.
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To supplement the conventional expenditure elasticities we have reported estimates
of 'relative expenditure elasticity.” This measure is based on our auxiliary variable which
is motivated by the ’relative income hypothesis’ in consumption, behaviour, originally
put forth by Duesenberry [1949]. Specifically, we introduce a positional variable into our
model. The variable is the distance of the household from the median consumer, the
reference level. The median is estimated using the population mean of logarithmic total
expenditure corrected for the size of household and calculated separately for each sample
year available (Section 3.2.3). In calculating the elasticity separately for the auxiliary
variable we make an assumption that if the position of a household in the income di-
stribution is unchanged the ordinary expenditure elasticity should be calculated by not
allowing the coefficient of our auxiliary variable to enter. In a sense the latter is an
indexing variable which is treated equally to any other similar variable which is consi-
dered as predetermined, such as family size and composition, or age variables. In turn
the conventional total expenditure variable takes account of the gradual improvement
in living standards over time but does not account for those changes which result from
climbing up (or down) the social ladder. Table 8.4 provides the aggregate budget shares
and expenditure elasticities in 1990.

Table 8.4. Expenditure elasticities in 1990.

Aggregate | Expenditure elasticities
Variable | Share Direct Relative

Wi 0.221 0.546 -0.000
Wa 0.034 1.001 0.000
W3 0.063 0.985 0.002
Wa 0.256 1.418 0.047
Ws 0.063 0.878 0.099
Ws 0.030 1.040 -0.088
Wr 0.172 0.769 0.064
Ws 0.090 0.906 -0.076
Wy 0.071 1.691 -0.281

At the aggregate level, the categories, W, Housing and Energy, and Wy the residual
category are clear luxuries. This is possibly a consequence of the fact that in this
study purchases of durables and (partly imputed) housing costs are included in the
corresponding consumption categories. On the other hand, Food is a necessity with
all other categories having near unit elasticities (Table 8.4). An explanation for the
latter observation is that in analysing broad categories which include a large number of
individual commodities some of them necessities and some luxuries one is bound to get
a large number of near unit elasticities. Note that somewhat surprisingly the category
Wz, Transport and Communication has an expenditure elasticity which is a little under
one on the aggregate level. This runs counter to our a priori expectations and to the



analysis of the Engel curves in consumption (Section 6.3).%

To give more credence to our interpretation of the auxiliary variable we are delighted
to see that if all data are considered (Table 4.1 (vi)), the consumption categories, W,
Food, W, Tobacco and Beverages, Wa Clothing and Footwear, and Ws, Health Care, have
practically zero values of the relative expenditure elasticity in the three first categories
and with the value of the last category being negative.” The corresponding coefficients
are not statistically different from zero (Table 8.2). A possible interpretation is that
these categories have little use as conspicuous consumption in the sense of Veblen, or
include few positional commodities. A priori one would not expect that the consumption
of goods in these categories should involve distributional considerations other than the
income effects due to general improvement in living standards. Furthermore, the above
categories were not found to represent luxury items of consumption in Chapter 6.

On the other hand, one observes that categories, Wy Housing and Energy, W5 House-
hold Appliances and Furniture, and W; Transport and Communication, have positive
relative expenditure elasticities indicating that they may be used for signalling, or show-
off purposes, particularly so as we recall that Housing was earlier found represent a
luxury item of consumption.!® The two remaining categories, Wy Education and Enter-
tainment, and Wy the residual category, have negative relative expenditure elasticities
indicating that they are found more useful in the lower part of the income distribution.
In the last five categories the corresponding coefficients are also found to be statistically
significant (Table 8.2). On the point concerning the residual category we, however, would
like to make a reservation that concerns the gradual increase in its budget share over ti-
me. This is partly a consequence of introducing new goods and services, and service fees
not previously charged for in the survey, and improved reporting (Table 3.2). However,
we are ready to admit that the interpretation of the effects found in connection of our
positional variable is not clear cut and may be slightly premature. One has to wait for
more studies in this area.

The price elasticities are the key concepts in demand analysis. Note that if the
compensated cross-price elasticity, the off-diagonal elements in the matrix given in Table
A4.1.(i),-(vi), is negative the commodity category shown in the column is a complement
to the category given by the row of the matrix. The substitutes are found similarly,
looking up the positive numbers. For instance, Clothing and Footwear, and Housing and
Energy were found to be substitutes for Food {Tables A4.1) with statistically significant
price coeflicients (Table 8.2). All other categories present complement commodities with
the exception of Transport and Communication, W7 where the corresponding parameter
estimate does not differ significantly from zero.

8When the Engel curves in consumption were calculated we naturally allowed the coefficient of the
relative expenditure variable’ to enter.

®'The relative expenditure elasticity’ has a rather absurd meaning at the aggregate level if the related
thought-experiment is taken literally but it should be considered really as an aggregate measure of all
the individual effects concerning the position in the income distribution.

"®Housing services may have some characteristics of a positional good if dwelling places in the more
lucrative neighbourhoods are considered. ‘
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Table 8.5 provides the aggregate price elasticities in 1990. Results of the other surveys
years are given in Tables A4.1 (i),-(v). Considering the own price elasticities one can
observe that we have six estimates that are negative at the aggregate level.

Table 8.5. Price elasticities in 1990.

Price
Variable LP1| LPZI LP; LLM LP5| LPGI LP7J LPsl LPg

Uncompensated price elasticities

Wi -0.290 | -0.033 | 0.162 | -0.056 | -0.039 | -0.047 | 0.036 | -0.094 { -0.186
We -0.318 | 0.113 | -0.825 | 0.703 | -0.019 | -0.792 { -0.523 | 0.095 | 0.567
Ws 0.477 | -0.447 | -0.904 | 1.157 | -0.742 | -0.577 | -0.571 | 0.018 } 0.603
Wy -0.243 | 0.080 § 0.256 { -0.870 | 0.002 | -0.110 { -0.216 { -0.183 | -0.134
Ws -0.210 | -0.006 | -0.731 | 0.144 | -0.537 | 0.063 | -0.328 | 1.134 | -0.407
We -0.454 | -0.889 | -1.196 | -0.838 | 0.122 | 0.418 | 0.027( 1.189 | 0.581
Wy 0.000 | -0.097 | -0.195 | -0.154 | -0.114 [ 0.013 | -0.608 | 0.144 | 0.242
Ws -0.310 | 0.038 | 0.017 | -0.391 | 0.789 | 0.403 | 0.254 | -0.640 | -1.064
Wy -0.835 | 0.248 | 0.488 | -0.552 | -0.413 | 0.227 | 0.431 | -1.425 | 0.139

Compensated price elasticities

Wi -0.169 | -0.015 | 0.196 § 0.084 | -0.005 | -0.030 | 0.130 | -0.045 | -0.147
W, -0.097 | 0.147 [ -0.763 | 0.960 | 0.044 | -0.762 | -0.351 | 0.185 | 0.638
Ws 0.695 | -0.414 | -0.843 | 1.410 | -0.680 | -0.547 | -0.401 | 0.107 | 0.673
Wy 0.071 | 0.128 | 0.345 | -0.506 | 0.092 | -0.067 | 0.028 | -0.056 | -0.033
Ws -0.015 ) 0.023 | -0.676 | 0.370 | -0.482 | 0.090 | -0.177 | 1.213 | -0.345
Ws -0.224 | -0.854 | -1.131 | -0.571 | 0.188 | 0.449 | 0.206 | 1.283 | 0.654
We 0.170 | -0.071 | -0.147 | 0.043 | -0.065 | 0.036 | -0.476 | 0.213 | 0.297
Ws -0.110 | 0.069 | 0.073 | -0.159 | 0.846 | 0.430 | 0.409 | -0.559 | -1.000
Ws -0.461 | 0.305 | 0.594 | -0.118 | -0.306 | 0.279 | 0.722 | -1.273 | 0.258

All elasticities are rather low in absolute value reflecting modest substitution possibi-
lities among the categories. But also here aggregation of commodities within categories
is partly responsible for this. The demand for the category, W5 Clothing/and Footwear
is most responsive to price changes with the uncompensated own-price elasticity of -0.9
in 1990. -

The sinful culprits (sigh) that have unexpected signs are the categories, W2 Tobacco
and Beverages, W5 Health Care, and the residual category, Wy.!! The same observation
holds true if compensated elasticities are examined. To give some excuses it may be
that in the category, W, Tobacco and Beverages there is some addictive consumption
present that is not responding to price as demand normally does. Furthermore, in this

* 1A quick glance at the budget shares (Table 8.4), and the estimates for the coefficients and their
standard errors (Table 8.2) would suggest, see (8.8) that the positive sign in elasticity is statistically
significant at the individual level only in the category, W Health Care.



category we have found a considerable number of zero observations some of them reflec-
ting genuine decisions not to consume some of the goods included here, or reluctance
to give information on their consumption (Table 3.3). The last effect leads to a consi-
derable underreporting of consumption, (Table 3.2). This particular category is by the
“way sometimes left out if systems of equations of consumer demand are analysed. The
category, Ws Health Care, may in turn have some problems in the variables which are
used here since this category includes only out-of-pocket expenses, and expenditures on
goods in this category were partly income tax deductible during the sample period and
some acquisitions of durables in this category were also partly subsidized after hand.
These effects are accounted in the income variables but not in the consumption variables
of the data. Furthermore, during the sample period free Public Health Service expanded
vastly in Finland and this not accounted for in the budget data. We also experienced
considerable difficulties in constructing the corresponding Consumer Price Index variable
in the period 1966-1976 (Section 3.2.1).

If the above results are compared with the rough picture given by the corresponding
time series in Chapter 2 (Table 2.2) one has to bear in mind that different definitions are
involved with the time series obtained from National Accounts (Chapter 2 and 3.1). In
addition, recall that change in the demographic variables is accounted by conditioning
on those variables in the micro data but in the time series temporal evolution in these
variables is confouded with the temporal change in the total expenditure and price va-
riables. Here closer examination of Section 6.4 where cohort effects have been considered
is particularly helpful. Furthermore, in estimating the allocation model for consumer de-
mand we have conditioned on a set of variables that correspond to consumer’s decisions
that are made on a long term basis. If the comparisons were made on equal footing the
analysis would need to estimate models for these decisions as well. This runs, however,
counter to the methodological framework that we have adopted. Furthermore, it is out
of the reach of the data that is currently available to us.

One can observe that if the budget share of Food is considered, both sources of data
give a similar picture on the evolution of the demand with the time series share being
six to ten percentage points lower than our corresponding micro data variable Wy. The
budget share of the category Wy, Housing and Energy, is higher in the cross sections
where also a temporal increase is shown which is absent in the corresponding time series.
Note that in the latter category of consumption the time series data are constructed on
quite different basis than the budget data, and the reporting of expenditure is here on a
higher level than the average level in the other categories of consumption (Table 3.2).

On the other hand, the category Ws, Education and Entertainment, has almost the
same behaviour in both pictures. The observation holds true also for the category Ws,
Clothing and Footwear. In the category Wy, Household Appliances, the time series gives
only slightly higher shares. In contrast, the budget share of the category W5, Tobacco
and Beverages, is almost doubled in time series. Recall that the consumption of alcoholic
beverages is well known to suffer from considerable under-reporting if the data that are
based on surveys made on individual level are compared with the data obtained from
the sales of goods (Table 3.2). In the category Ws, Health Care, the values of the budget
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share are on a similar level but the time series data show a temporal increase which
is almost absent in the picture provided by the cross sections. This may again be a
consequence of the fact that in the budget data the category includes only out of pocket
expenses and expenditures on goods in this category were partly subsidized after hand.
Note that Table 3.2 shows that the survey figures have been on an increasing trend if
compared with National Accounts, and earlier the *under-reporting’ has been substantial.

In the residual category Wy one observes a temporal increase in both pictures but
the budget share in the time series is about twice as large as the other one and has
not been increased as much over the time period as shown in the cross section picture
where shares have more than doubled. Earlier we found that the ’under-reporting’ has
been on a lower level in the three last surveys (Table 3.2). For natural reasons, the time
series and budget data concerning the residual category are constructed with the least
amount of comparability. In addition one would expect to find some instability in the
coefficients. In the category W, Transport and Communication the temporal evolution
is quite similar but the time series data is showing a higher budget share.

If elasticities of demand are compared in the category, Food, one notes that both the
time series and the micro data produce similar estimated elasticities at the aggregate level
with the price elasticities closer to zero in the time series. The definitions of commodities
to be included in the category correspond presumably quite closely to each other in the
two sources of data. Recall that in four categories, W3, W5, Wg, and Wy, the time series
estimates for own price elasticity are positive, and additionally in the categories Wi,
and W, the elasticity turns positive at the end of the sample period (Table 2.2 and
Figure A1.1).'> The estimates for elasticities in the category Wy, Housing and Energy,
are higher (in absolute value) in the micro data than in the time series. On the other
hand, the picture is totally reversed if the category Wy, Transport and Communication,
is considered. Here the time series data indicate a luxury item of consumption whereas
the micro data indicate a necessity. However, recall that in setting up the model we have
been conditioning the demand for commodities in relation to both the type of housing
and tenure (owning or renting) and for private car holding. These variables correlate with
real wealth. Since we are modelling individual (current) allocation decisions in- micro
data there are good reasons to proceed in this manner. However, if the time evolution in
these conditioning variables, and additionally the change in the demographic variables
included in the micro model are properly accounted for, the marked differences that are
apparent here may afterall have much less influence, see Section 6.4 on cohort effects.
The price elasticities obtained from the time series have been rapidly approaching zero
in the sample period (Figure Al.1). In the present case one could also note that the
estimates that we obtain from micro data are not very robust w.r.t. the inclusion of
purchases of durables in the category W, and the model used, see Riihels and Sullstrém
[1993], and Chapter 9.

2Gince the method we are using is based on a 'smoothing’ operator on the data it has common features
with similar operators like the moving average filters used in the estimation of seasonal components and
adjustment of time series data. The estimates are generally unstable and uncertain near the end points
and some temporal phenomena that we observe may actually be due the smoothing method we use.



In the category W, Tobacco and Beverages the estimated expenditure elasticities are
at similar levels, over unitary values in the cross section and the time series elasticity on a
decreasing trend path. However, in the micro data own price elasticity has been estimated
positive in contrast to a small (in absolute value) inelastic time series elasticity. In the
category Wj, Household Appliances, the expenditure elasticities are again at similar little
over unitary level but with the micro data in turn giving negative own price elasticity
and the time series giving positive estimates. In the residual category Wy, both own
price elasticities are estimated positive, and the category is deemed to represent luxury
consumption with the micro data giving higher expenditure elasticities to reflect the
improved reporting in the survey data.

The category Wy, Education and Entertainment, is a clear luxury if time series data
are considered whereas the expenditure elasticity is lower in the micro data. In this case
the influence of the'indicators of human capital referring to the education level attained
by the household head, and the temporal increase in the educational levels that are
controlled for in the analysis of the micro data are particularly important in explaining
the apparent discrepancies (Section 6.4). The own price elasticity is now negative in
the micro data but the time series give a very mixed picture over the time period with
elasticity value about -0.5 in 1966 but suddenly jumping to 0.5 in 1971.

The category W3, Clothing and Footwear, has expenditure elasticities that are about
one in the micro data but increase in the time series data from 0.6 to 1.4. The own
price elasticity is having a near unitary absolut value in the micro data whereas it has
the wrorng sign in time series. The opposite is true w.r.t. the category Ws, Health Care,
where time series data give a decreasing expenditure elasticity (from 1.4 to 0.8) over the
sample period whereas ‘elasticity is an increasing one in the micro data creeping slowly
upwards to one. In contrast to the previous category the corresponding value of own price
elasticity is estimated positive in the micro data and in the time series it starts as having
negative values but changes sign in later years. The evolution may be partly due to the
reasons given in an earlier discussion about the introduction of public health services
and how the expenditure and price variables are constructed in the micro data. To give
a summary, some of the differencies in the time series and budget data are resolved
by simply looking how the *underreporting’ in surveys has evolved (Table 3.2). In the
categories Wy, Health Care, and Wy, Other goods, more marked differencies are easily
explained by this. On the other hand, the evolution in the demographic charcteristics
which are properly controlled for in the analysis of micro data shows up as a stochastic
" trend component in the time series data and is easily confouded with the price and
income effects. Therefore, comparisons of estirhates across the different data sets are not
in general on a consistent basis although the results that we obtained were reasonably
similar in the category, Food. The continuous updating of elasticity estimates that is
employed in our ’smoothing operator’ may have been partially succesful in capturing
the slowly changing random component in the time series but the net effects on the
estimated parameters are quite unpredictable.

Obtaining positive point estimates for compensated demand elasticities in the micro
data is a great pity since they do not conform to the theoretical restrictions that are
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implied by an underlying expenditure function defining rational expenditure minimizing
behaviour. In the opposite case, the results would have an immediate application in
welfare policy since they give direct access to the expenditure function (4.1) and the
associate welfare measures like equivalent variation, see King [1983], and Suoniemi [1994].
These tools could then be used to assess reforms in indirect taxation at the household
level. Furthermore, one could simultaneously control for differences in the size and
composition of households and demographic characteristics as the age and gender of
household head, and geographic location in order to arrive at more relevant comparisons
of welfare gains and losses, and ‘living-standard, see Baker et.al. [1990].

Recall that our mission is to give an analytic description of the evolution in the'struc-

ture of consumption in 1966-1990. Therefore, we have naturally included the purchases
of durable goods into the analysis. The decisions concerning acquisitions of durable
goods do not necessarily fit nicely into the class of allocation models that we use. These
decisions involve dynamic considerations and a better solution not available to us due
to data restrictions would be to include into consumption the flow of services that they
produce to the households. This is the main reason why studies of consumer budgets
that have a welfare theoretic orientation and aim at tax reform analysis normally consi-
der only non-durable consumption. To try our methodology in this area we modify the
expenditure variables and price variables accordingly and present in Chapter 9 results
on the allocation of non-durables and services among the component categories.



Chapter 9

Analysing Household Pemand for
Non-durables

9.1 Data

Below the allocation of consumption expenditure among its component categories is
examined while purchases of durables are excluded from the consumption categories.
Furthermore, the price variable in owner-occupied housing is not based on the relevant
user cost variable which accounts for financial considerations, return on capital, tax rates
and (de- or) appreciation in house prices. In addition, the consumers are not necessarily
at their utility maximizing position with respect to the stream of housing services because
of significant transactions costs of relocating. There seems to be a good case for excluding
housing costs which are imputed on the part of owner-occupied housing. The possibility
of corner solutions in housing markets may produce additional spill-over effects on the
demand for transportation services. 4

We also leave out the category W, Beverages and Tobacco since here some addictive
consumption may be present, and move the subcategory 'Non-alcoholic beverages’ into
the category, Food (Section 3.2.1). Furthermore, note that we have found a considerable
number of zero observations and under-reporting in the category (Tables 3.2 and 3.3).
These modes of behaviour, addiction by drunkards, and absistence by teetotallers, may
not respond to changes in prices as demand normally does. Naturally the total expen-
diture variables and the price indices are also adjusted to exclude spending on the items
of consumption that are left out in the analysis.

The descriptive statistics for the modified variables are given in Table 9.1. Comparing
our new budget shares with those when durables and housing expenditure were included
we find that first there is a drop of twenty percentage points in the category NW,. This
is accounted for by not including the (partly imputed) housing costs. Now the category
NWy consists of expenditure on housing related Energy, power on heating and light
(Section 3.2.1).
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Table 9.1. Descriptive statistics for non-durables.

Variable Mean | Std Dev | Minimum | Maximum
Nw, 0.3746 0.1558 0.000 0.982
NW, 0.1017 0.0844 0.000 0.758
NW, 0.0685 0.0608 0.000 0.677
NWsy 0.0491 0.0537 0.000 0.708
NWs 0.0396 0.0560 0.000 0.833
NW- 0.1591 0.1148 0.000 0.917
NWs 0.0957 0.0707 0.000 0.709
NWy 0.1116 0.1067 0.000 0.951
INW; 0.3747 0.1008 0.048 0.673
INW; 0.1017 0.0287 0.000 0.409
INW, 0.0685 0.0400 0.000 0.406
INW;s 0.0491 0.0131 0.000 0.219
INWs 0.0395 0.0225 0.000 0.475
INW, 0.1592 0.0577 0.000 0.470
INW 0.0957 0.0281 0.009 0.374
INW, 0.1116 0.0584 0.000 0.420
LNP, -0.0922 0.6565 -1.454 0.515
LNP;3 -0.0968 0.5453 -1.196 0.436
LNP, -0.1632 0.4985 -1.266 0.292
LNP; -0.1563 0.7596 -1.819 0.556
LNPs 0.1054 0.6999 -1.192 1.003
LNP; -0.1112 0.6532 -1.508 0.530
LNP; -0.0300 0.6151 -1.265 0.629
LNP, -0.0619 0.6935 -1.482 0.693
ILNC 10.3664 0.8919 7.000 12.645
VARLNC | 0.0018 0.0025 0.000 0.194
ILNX 0.0923 0.3182 -1.204 1.483
ILNXFM 0.0229 0.1622 -1.048 1.298
ILNXSZ 0.1968 1.1602 -13.344 5.932
ILNXCH 0.0117 0.5532 -11.120 2.966
ILNXSQ 0.1076 0.1443 -0.073 2.112
LNRELX | -0.0068 0.2340 -1.020 1.263

When purchases of durables are left out the shares of those categories which consist in
the main part of non-durables and services, Food, NW;, Clothing and Footwear, NWj,
Health Care NWs, and the residual category NWs, have risen accordingly. The cate-
gories, NW; Transport and Communication, and NWs, Education and Entertainment,
had earlier a sizeable durable component so their share is not increased so much. In
the category NWj, Household Appliances, dropping expenditure in Furniture causes the
budget share to have even a lower level than earlier.

Demand models that are estimated using cross section budget data generally assume
that households face the same prices everywhere. Ignoring spatial variation in prices is
not necessarily a good assumption, see Deaton [1987]. This may account for some of
the deficiencies that we will find in our empirical results. Some effects due to spatial



variation in prices may in fact get accounted by the regional variables in the model as
discussed in Section 7.2.

9.2 Imposing adding-up and symmetry restrictions
on estimators

The quasi maximum likelihood estimates of the model for nondurables are provided in
Appendix 5 (Table A5.1.). Model ND is built to conform to Model P (Section 6.2)
containing the same (or analogously formed) explanatory variables if appropriate, such
as the price variables. Following the procedure explained in Section 8.2 we calculate
a Waldian test of the adding-up and symmetry constraints of the estimators using the
unrestricted form of Model ND as the base line, see (8.1).

Table 9.2. Tests of the adding-up and symmetry constraints, Model ND.

Adding-up | Symmetry | Symmetry &
Adding-up
x*-statistic 792.2, 377.8 1145.0
Degrees of freedom 44 28 72
P-value < g 100 6.1 8 < gmi00

Again we find that the data strongly reject both restrictions. In spite of this we go
on boldly ahead to form estimators and an estimator for their asymptotic covariance
matrix using (8.2),-(8.3) that satisfy these restrictions on the same grounds as before.!
Table 9.3. provides the estimates which are based on (8.2) and have both the adding-up
and the symmetry restrictions imposed.

We do not give here a detailed examination of the results but note that the variables
which are proxies for labour supply, human capital, and real wealth enter Model ND with
significant coeflicients. This indicates that our earlier finding on consumption and leisure
not being separable is robust w.r.t. to the inclusion of durable items in the component
categories. Earlier Browning and Meghir [1991] have obtained similar results using data
on non-durable consumption.

'However, recall the reservations that have been made earlier in Section 8.1 concerning the symmetry
restrictions, and the error terms entering the budget share equations additively.
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Table 9.3. Estimation results, nondurables, both restrictions imposed.

Food Clothing, Fuel Household
Variable Footwear Power Appliances

Param. T Param. T | Param. T Param. T
CONSTANT | -69.5036 | -9.57 | 47.0838 9.06 | -1.4069 | -0.63 | 33.9780 | 15.09
LCOHAGE 0.3533 0.55 1.9802 4.04 | -1.5678 | -7.14 1.3773 6.75
LAGE 48.8419 | 11.83 | -20.3094 | -6.88 | 4.2006 3.27 | -16.6537 | -12.93
LAGESQ | -5.4449 { -9.99 2.1908 5.63 ) -0.1731 | -1.01 2.0357 | 12.39
HHSIZE 2.9856 | 23.32 0.4585 5.08 | -0.9368 | -21.61 | -0.3592 | -10.44
HHSIZESQ -0.3580 | -25.32 | -0.0074 | -0.75 | 0.0223 4.59 0.0065 1.91
CHILDREN 1.1987 | 14.94 0.2799 523 | 0.5568 | 22.13 0.2922 | 13.00
FARMER 0.6632 3.61 0.5601 461 1.7631 | 25.41 0.0562 1.27
SELFEMPL -0.8003 | -3.38 1.0305 6.37 | 0.6529 8.33 | -0.0448 | -0.78
WHCOLLAR | -1.6544 | -11.29 0.9257 9.19 | -0.1819 | -4.39 0.0523 1.49
RETIRED -1.0993 | -5.61 0.0806 0.61 | 0.5646 8.72 0.1110 2.27
EDUCM -1.7200 | -13.66 | -0.0262 | -0.31 | -0.2184 | -5.84 0.2583 7.98
EDUCH -2.4622 | -11.71 | -0.4683 | -3.29 | -0.6900 | -11.69 0.4760 8.85
FEMALE -1.4903 | -10.82 1.9651 | 19.27 | -0.2338 | -5.44 0.1280 3.62
OLDAGE 1.5899 | 13.71 | -0.4530 | -6.01 | 0.3357 8.24 0.1908 6.58
SMHOUSE 0.4131 299} -0.9157 ] -9.90 | 4.1162 | 82.65 0.2014 5.83
SDHOUSE -1.8231 | -5.45 0.2250 0.93 | 2.1834 | 18.38 0.3179 3.75
TENURENT -0.1425 | -0.98 0.2208 2.14 { -0.9751 | -23.20 | -0.3242 | -8.52
TENURKIN -0.7557 | -3.29 1.1838 7.18 | -1.1144 | -17.72 | -0.2438 | -4.18
CENTHEAT -0.8704 | -5.85 | -0.1664 | -1.67 | -0.0599 [ -1.20 0.1535 4.18
WEHOUSE -0.2089 { -1.63 | -0.1039 { -1.21 | 0.3710 9.51 0.1368 4.23
BATHROOM | -1.1188 | -6.95 0.9433 8.88 | 0.1283 2.46 0.4323 | 10.31
MIDDLE 0.4355 3.85 0.3330 |  4.32{ 0.4801 | 13.59 | -0.0390 | -1.39
NORTH -0.0046 | -0.03 0.7468 7.08 [ 0.4835 | 10.00 0.0036 0.10
RURAL -0.2321 | -2.00 ] -0.1493 | -1.92| 0.7096 | 19.23 | -0.0701 | -2.42
SPOUSENW 0.3337 272 | -1.0338 | -12.14 | 0.4730 | 13.28 | -0.1261 | -4.22
CAR -3.3757 | -23.86 | -1.7617 | -17.98 | -0.2388 | -5.83 | -0.1665 [ -4.85
WINTER -0.8887 | -6.51 0.0251 0.27 | 0.6893 | 15.90 | -0.6465 | -14.70
SUMMER 3.0803 | 20.95 | -1.2145 | -12.35 | ~0.1438 | -3.25 | -0.7451 | -15.62
AUTUMN -0.2028 | -1.49 0.8978 9.43 | -0.0295 | -0.71 | -0.5952 | -14.26
LNP1 16.6737 9.58 | - -3.0903 | -3.10 | 2.8552 536 [ -2.2588 | -3.90
LNP3 -3.0903 | -3.10 4.5036 4.01 | 3.4408 6.58 | -2.5099 | -4.86
LNP4 2.8552 5.36 3.4408 6.58 | 1.5355 3.54 42670 | 10.75
LNP5 -2.2588 | -390 | -2.5099 | -4.86 | 4.2670 | 10.75 3.2778 4.73
LNP§ -0.2873 | -0.66| -04792 | -1.18 | 0.0090 0.03 0.9488 2.44
LNPT -5.3767 | -3.87( -4.3894 | -4.01{ -3.4298 | -4.54 [ -9.5613 | -11.04
LNP8 -4.8979 | -5.55| -1.7615 | -1.92 | -3.3354 | -5.12 4.9313 6.19
ILNXS -19.8666 | -27.30 4.7371 9.25 | -2.2558 | -8.22 0.2166 0.65
ILNXCH -1.0440 | -4.12 0.6012 3.12}-0.5729 | -5.93 | -0.0163 | -0.14
ILNXFEM 1.6691 3.88 | -1.6800 | -5.15 | 0.0786 0.52 | -0.7139 | -3.32
ILNXSIZE 0.9769 4561 -0.2194 | -1.39{ 0.8343 | 10.33 0.1341 1.44
ILNXSQ 1.9368 3.72 1 -1.5996 | -4.18 | 0.9905 475 | -0.4605 | -1.80
LNRELX -0.6030 | -1.15 | -0.4458 | -1.17 | -0.0572 } -0.32 0.8551 3.21
LNP9 -3.6179 | -3.31 4.2858 4.52 | -5.3424 | -8.24 0.9051 0.98




Table 9.3. Estimation results, nondurables, both restrictions imposed.

Health Care Transport, Education, Other Goods
Variable Communication | Entertainment and Services
Param. T | Param. T | Param. T | Param. T

CONSTANT | -3.5673 | -2.31 7 63.4477 | 10.11 | 9.3499 2.48 | 20.6183 448
LCOHAGE 1.9943 | 10.97 | -3.8658 | -6.42 | -1.6596 | -4.17 | 1.3880 2.89
LAGE 1.4494 1.63 | -20.6112 | -5.81 | 4.9944 2.34 | -1.9119 | -0.73
LAGESQ -0.3739 | -3.22 2.8414 6.08 | -0.8220 | -2.96 | -0.2542 [ -0.75
HHSIZE -0.2818 | -9.94 | -0.1414 ] -1.34| -0.0735 | -1.25 | -1.6512 | -18.90
HHSIZESQ 0.0101 3.49 0.1183 9.69 | -0.0227 | -3.47 | 0.2311 | 21.45
CHILDREN | -0.0201 { -1.22 | -1.9689 | -28.63 | 0.6743 | 17.55 | -1.0129 | -20.66
FARMER 0.4001 9.59 [ -1.1043 | -7.29 | -0.4113 | -4.81 | -1.9270 | -18.30
SELFEMPL 0.1771 340 -1.6795| -8.36 | 0.1493 1.28 | 0.5147 3.41
WHCOLLAR | -0.0124 | -0.39 | -0.1098 | -0.87 | 0.5248 7.06 | 0.4558 4.88
RETIRED 0.7071 | 1441 0.1769 1.09 | 0.5714 5.92 | -1.1123 | -9.19
EDUCM -0.0451 -1.66 0.5874 546 | 0.4532 7.0 0.7108 8.89
EDUCH -0.3655 | -8.30 1.3288 7.29 | 1.1283 | 10.34 | 1.0528 8.05
FEMALE 0.0737 2.27 0.0100 0.09 { -0.0893 | -1.39 | -0.3635 | -4.42
OLDAGE 0.3916 | 14.10 | -1.0226 | -10.74 | -0.1617 | -3.03 | -0.8707 | -12.52
SMHOUSE -0.3966 { -12.35 | -0.8782 | -7.43 | -1.1138 | -15.79 | -1.4264 | -15.23
SDHOUSE -0.0739 | -0.98 | -0.6958 | -2.44 | 0.0882 0.50 | -0.2216 | -1.01
TENURENT | 0.0583 1.76 0.4031 3.27 | 0.1486 2.00 | 0.6111 6.34
TENURKIN 0.1355 2.62 0.0487 0.24 | 0.0704 0.59 | 0.6756 4.38
CENTHEAT 0.1130 3.34 0.1421 1.16 | 0.5282 7.63 1 0.1600 1.69
WEHOUSE 0.0039 0.14 0.1793 1.62 | -0.2096 | -3.34 | -0.1686 | -2.08
BATHROOM | 0.0729 204 | -0.7838 | -5.84| -0.1360 | -1.80 | 0.4616 4,59
MIDDLE -0.0930 ; -3.69 | -0.4818 | -5.08| -0.0518 | -0.94 ] -0.5831 | -8.36
NORTH -0.1588 | -4.70 | -0.1856 | -1.45| -0.3060 | -4.14 | -0.5789 | -6.19
RURAL -0.2423 | -9.12 0.9425 9.49 | -0.1882 | -3.29 | -0.7702 | -10.28
SPOUSENW 0.2242 8.24 0.7125 6.75 | -0.8800 | -14.07 | 0.2964 3.80
CAR -0.2623 | -8.23 7.8530 | 63.68 | -0.5760 | -8.82 | -1.4720 | -16.90
WINTER 0.0653 2.06 | -0.4415 -3.86 | 0.9441 | 13.96 0.2529 3.00
SUMMER -0.4208 | -12.37 | -0.7557 | -6.20 | 0.3491 493 | -0.1494 | -1.66
AUTUMN -0.2924 | -9.13 | -0.2652 | -2.30 | 0.4958 7.33 | -0.0084 | -0.10
LNP1 -0.2873 | -0.66 ; -5.3767 | -3.87 | -4.8979 | -6551| -3.6179 | -3.31
LNP3 -0.4792 | -1.18 | -4.3894 | -4.01 | -1.7615 -1.92 4.2858 4.52
LNP4 0.0090 0.03 | -3.4298 | -4.54 | -3.3354 | -5.12 | -5.3424 | -8.24
LNP5 0.9488 2.44 | -9.5613 | -11.04 | 4.9313 6.19 | 0.9051 0.98
LNP6 3.7224 9.81 -2.9446 | -4.84 | -2.1591 -3.15 1.1900 1.85
LNP7 -2.9446 | -4.84 | 17.2316 799 | 2.1137 1.61 | 6.3566 4.36
LNP8 -2.1591 -3.15 2.1137 1.61} 9.7793 524 | -4.6704 | -3.24
ILNXS 0.2853 0.93 5.5040 8.91 | 2.6118 6.60 | 8.7675 | 15.69
ILNXCH -0.1093 | -1.25 [ -1.0204 | -4.87| 1.9636 | 14.27 | 0.1982 1.13
ILNXFEM 0.1337 0.73 1.0701 293 | -0.4162 ] -1.71 | -0.1414 | -0.43
ILNXSIZE 0.0874 1.12 ] -0.4081 { -2.25 | -0.8870 | -8.05 | -0.5183 | -3.40
ILNXSQ -0.0824 | -041 [ -18141 ] -4201] -2.2497 | -8.11 ) 3.2790 8.92
LNRELX -0.2898 | -1.26 0.3198 0.68 { 0.2913 0.89 | -0.0704 | -0.16
LNP9 1.1900 1.85 6.3566 436 | -4.6704 | -3.24 | 0.8933 0.46
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The estimator is the best unbiased linear transformation of the unrestricted estima-
tor. Naturally we find that efficlency of estimators is increased as compared to the
unrestricted case. In the following we give descriptive statistics for our predictions of
the expenditure shares using estimators that have the both above restrictions imposed.

Table 9.4. Descriptive statistics for predictions.

Variable | Mean Std Dev | Minimum | Maximum
FNW, 0.3774 0.0974 0.087 0.716
FNWs | 0.1027 0.0239 0.007 0.198
FNWy 0.0660 0.0293 0.000 0.155
FNWs 0.0496 0.0078 0.011 0.088
FNWs 0.0375 0.0107 0.006 0.074
FNW, 0.1607 0.0534 0.000 0.313
FNWs 0.0963 0.0257 0.000 0.172
FNWy 0.1098 0.0452 0.000 0.300

9.3 Price and expenditure elasticities

Similarly as before we calculate the elasticities for aggregate market demand for the
survey years 1966-1990 considering now the non-durable component in our eight remai-
ning categories after dropping the category, W, Tobacco and Beverages. Note also that
the total real expenditure and all related variables have been modified accordingly to
represent how the present form of this variable is distributed among the eight consump-
tion categories. The elasticities for individual households can be calculated using the
formulae given in the previous chapter (8.5),-(8.8).

The estimates of aggregate elasticities are given in Appendix 6. To start at bottom
with expenditure elasticities we find in the elasticities of market demand immediately
some the effects of aggregation and the adopted functional form, see Tables A6.1.i-vi.
Recall that in aggregating the individual elasticities are weighted in such manner that
one will observe a kind of 'regression toward’ one phenomenon. In addition, holding
other variables constant (this is only an approximation) one should find expenditure
elasticities that gradually get closer to one in those categories with aggregate share
increasing (expenditure elasticity more than one or a favourable change in demographics).
‘These features are clearly observable in Table A6.1.i-vi. In Figure 9.1 we show the
evolution of aggregate elasticities over the 24 year time period. We pick up the aggregate
expenditure elasticities in 1990 in Table 9.5.
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Table 9.5. Expenditure elasticities in 1990, nondurables.

Aggregate | Expenditure elasticities
Variable | Share Direct Relative
NwW, 0.295 0.479 -0.020
NW; 0.100 1.335 -0.045
NW, 0.054 1.087 -0.011
NWs 0.051 0.837 0.166 X
NWs 0.044 1.163 -0.066
NWe 0.195 1.110 0.016
NWsg 0.114 0.964 0.025
NW, 0.146 1.681 -0.005

If nondurable consumption is considered on the aggregate level the categories, NW;
Clothing and Footwear, and NWy the residual category are clear luxuries. Here the
expenditure elasticity in the former category NW; has been increased markedly if com-
pared with the value obtained in Chapter 8 but stays at about the same level in the latter
category. Contrary to the earlier analysis dropping rental costs and rent equivalents of
owner-occupied housing substantially lowers the expenditure elasticity in category NW,
which now consists of expenditure on (housing related) Energy. On the other hand, the
category Food remains as a necessity with all other categories having elasticities about
one. If the expenditure elasticities are compared with those in Chapter 8 one notices
a marked increase in the expenditure elasticity in the category NW;, Transport and
Communication which is now a luxury having expenditure elasticity significantly above
one on the aggregate level (Table 9.3). However, the actual numerical value is not too
far above one. This is still somewhat less than in previous studies on non-durable con-
sumption allocation in Finland, see Riiheld and Sullstrém [1993] and Sullstrém [1995].
In the remaining categories we find only minor changes.

Similarly, as discussed in Chapter 8 the conventional expenditure variables take
account of gradual improvement of living standards over time but do not account tho-
se changes that result from climbing up (or down) the social ladder. Considering the
estimates for the relative expenditure parameters one observes that these are now sta-
tistically significant only in the category, NW;s Household Appliances (Table 9.3). The
corresponding value is positive giving an estimate for relative expenditure elasticity of
0.17 in 1990.® Similar findings considering the present category were made in Chapter 8.
Interpreted as before it indicates that this category may have some use as conspicuous

2Tt should be noted here that the latter study gives additionally a rather detailed and extensive
analysis on the allocation of expenditures among four subcategories in the more comprehensive category
of commodities W7,

3Note that the uncertainty concerning the ’true’ value of real total expenditure is incorporated in our
EQML estimation method and particularly into the calculation of the standard errors of the estimators
of those coefficients that are related to the fitted values. This is particularly important in order to
prevent too hasty conclusions that would be made if the analysis would be conducted considering the
smoothed values as fixed in repeated sampling.



consumption in the sense of Veblen [1899].

We are delighted to see that now when non-durable consumption is considered the
relative expenditure variable is on the whole quite useless if statistical significance is
at issue. This is what one would a priori expect and it gives more credence to the
our interpretation of the auxiliary variable. On the other hand, one would expect that
particularly the consumption of durable goods should involve distributional considera-
tions. However, durable goods are intimately related to the demand for leisure, and the
consumption, savings decision. Therefore, some of the consequences of this relationship
should show up when analysis of non-durables is compared with the analysis in Chapter 8.

Table 9.6. Price elasticities in 1990, nondurables.

Price

Variable | LNP, | LNP3 | LNPy | LNPs | LNP; | LNP; | LNP3 | LNPy

Uncompensated price elasticities

N, -0.249 | -0.059 | 0.125 | -0.050 | 0.012 | -0.087 | -0.107 | -0.065
NWs -0.432 | -0.576 | 0.327 | -0.269 | -0.062 | -0.502 | -0.215 | 0.395
NW, 0.494 | 0.625 | -0.722 [ 0.781 | -0.000 | -0.649 | -0.624 | -0.991
NWs -0.383 | -0.474 | 0.839 | -0.353 | 0.192 | -1.831 | 0.979 | 0.195
NWg -0.124 | -0.124 | -0.007 | 0.209 | -0.154 | -0.705 | -0.513 [ 0.255
Nwr | -0.314 | -0.234 | -0.182 | -0.495 | -0.156 | -0.138 | 0.097 | 0.312
NWs -0.418 | -0.152 | -0.290 | 0.433 | -0.187 | 0.194 | -0.141 | -0.403
NWy -0.488 | 0.234 | -0.401 | 0.027 | 0.053 | 0.307 | -0.397 | -1.016

Compensated price elasticities

NW, -0.107 | -0.012 | 0.151 | -0.025 | 0.033 | 0.007 | -0.052 | 0.005
NW3 -0.038 | -0.443 | 0.400 | -0.201 | -0.004 | -0.241 | -0.062 | 0.590
NW, 0.815 | 0.733 | -0.663 | 0.836 | 0.047 | -0.437 | -0.499 | -0.832
NWs -0.136 | -0.391 | 0.885 [ -0.310 | 0.228 | -1.668 | 1.074 | 0.318
NWse 0.219 | -0.008 | 0.057 | 0.269 [ -0.103 | -0.477 | -0.380 | 0.425
NW, 0.013 | -0.123 } -0.121 | -0.438 [ -0.108 | 0.079 | 0.223 | 0.475
NWs -0.133 | -0.056 | -0.238 | 0.483 | -0.145 | 0.383 | -0.031 | -0.262
NW, 0.008 | 0.401 | -0.310 | 0.114 [ 0.126 [ 0.636 | -0.205 | -0.770

Next we discuss the estimated price elasticities of demand. If the compensated cross-
price elasticities are considered, the off-diagonal elements in the matrix given in Table 9.6,
are negative when the good shown in the column is a complement to the category given
by the row of the matrix. The substitutes are found similarly, looking up the positive
numbers. For instance Clothing and Footwear, Household Appliances, and Education
and Entertainment were found to be complements for Food (Tables 9.6) and all other
categories present substitutes for the category Food, similarly as in Chapter 8.

Considering the uncompensated own price elasticities we find by direct examination
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that in 1990 we have all with the correct, negative signs (Table 9.6). The elasticities
are rather low with only one not being inelastic (Ws) but in most cases they are larger
in absolute value than the ones with the durables included. However, aggregation of
commodities within categories in also here responsible for the relatively low substitution
possibilities observed. The demand for the residual category, NWy is now the most
responsive to price changes with the own-price elasticity about minus one in 1990.

Turning to compensated elasticities we have only one category with the aggregate esti-
mate having theoretically unexpected sign which is NW; Transport and Communication
implying an upward sloping aggregate demand curve. Earlier the sign was negative. The
three culprits found in Chapter 8 have the signs reversed.? We have earlier found a va-
lue of the expenditure elasticity that was unexpectedly low in this category. Comparing
with the earlier estimates when durables were included one finds that the category NWj,
Clothing and Footwear is estimated more price elastic than before. In addition the resi-
dual category seems elastic if compared to the other categories. Earlier the sing was not
even theoretically correct. The category consists of a mixed lot of commodities so the
instability in the estimates comes as no surprise if one in addition recalls that leaving out
the durable subcategories somewhat reforms the nature of commodities included in the
category (Section 3.2.1). On the other hand, the category NWs Education and Enter-
tainment has now the value of the compensated own price elasticity quite near zero. On
the whole the picture is now much brighter but we still have one dark cloud looming in
the sky and preventing us from calculating the underlying expenditure function defining
rational expenditure minimizing behaviour and assessing reforms in indirect taxation on
household level.

Table 9.7 provides the ’Slutsky matrix related to aggregate consumption’ in 1990.
Note that the matrix is an artifact since in fact the conditions for exact aggregation
are not met in the model we use.®* The reason for this is that the chosen form of the
quadratic model is integrable only within those household groups which have an equal
slope of the Engel curve (not accounting for the second order term), i.e. when the in-
teraction variables with total expenditure have a constant value. Therefore the matrix
is not symmetric although we have calculated the Slutsky matrices as to make them
symmetric at the individual level. The matrix that we obtain does not, however, differ
very much from a symmetric matrix. One might say that demand aggregates "almost
exactly’. On the other hand, the Slutsky-matrix is not negative semidefinite since one
of the compensated elasticities was earlier found out to be positive. In fact, the matrix
has two positive eigenvalues instead of the one already produced by the positive element
on the diagonal.

4Recall that in the previous chapter the category W was the only one to be deemed having the
positive value as 'statistically significant.’

SCompensation has meaning at the aggregate level only if the demand equations aggregate exactly
which means that therere exists a ’socially representable consumer’ having a neoclassical preference

ordering and generating the aggregate demand.



Table 9.7. Slutsky-matrix of aggregate consumption, in 1990.

Price
Variable LNP1 LNPa LNP4 LNP5 LNPG LNP7 LNPg LNPg

NW, -0.032 | -0.003 | 0.045 | -0.007 | 0.010 [ 0.002 | -0.015 | 0.002
NWs | -0.004 | -0.044 | 0.040 | -0.020 | -0.000 | -0.024 | -0.006 | 0.059
NW, 0.044 | 0.040 | -0.036 | 0.045 | 0.003 | -0.024 | -0.027 | -0.045
NWsy -0.007 | -0.020 | 0.045 | -0.016 | 0.012 } -0.086 | 0.055 } 0.016
NWsg 0.010 | -0.000 | 0.002 | 0.012 | -0.005 | -0.021 | -0.017 | 0.019
NWy 0.003 | -0.024 | -0.024 | -0.086 | -0.021 | 0.015 | 0.044 | 0.093
NWs -0.015 | -0.006 |} -0.027 { 0.055 | -0.017 | 0.044 | -0.004 | -0.030
NWy 0.001 [ 0.059 | -0.045 | 0.017 { 0.018 | 0.093 | -0.030 | -0.113

To conclude we present some comparisons of elasticities which have been obtained
using similar data sets in the United Kingdom and some recent studies in Finland where
the second author has participated.

Table 9.8. Comparison of elasticities in some categories.

Expenditure Compensated own price
Study elasticities elasticities

NW, | NWs | NW; || NW, NWs | NWr

Blundell et.al. [1993] 0.608 | 0.917 | 1.201 || -0.354 | -0.526 | -0.483
Baker et.al. [1990] 0.435 | 1.033 | 1.746 || -0.737 | -0.942 | -0.956
Browning Meghir [1991) | 0.45 | 1.42 | 1.32 0.04 | -0.82 | -0.84

Riiheld Sullstrém [1993] | 0.432 | 1.460 | 1.390 || -0.414 | -1.024 | -1.270
Sullstrém [1995] 0.260 | 1.551 | 1.294 | -0.234 | -0.226 | 0.007
This study 0.479 | 1.335 | 1.110 || -0.107 | -0.443 | 0.079

In comparing the studies it should be noted that the first four rows correspond to
elasticities that are calculated at mean values of the explanatory variables and are not
directly comparable to the those given in the bottom rows which have been calculated
for aggregate demand in 1990. The break-up of consumption into component categories
have been made on a different basis in studies on the United Kingdom data.® The study
by Riihel4 and Sullstrém [1993] is based on Finnish data up to 1985 and Sullstrém [1995]
uses the same data as here with an equal number of component categories. Differences
between the present and the last mentioned studies are accounted by using a slightly
different set of explanatory variables. Recall also the definition of relative expenditure

8They generally employ seven categories of consumption: Food, Alcohol, Fuel, Clothing, Transport,
Services, and Other Goods.
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elasticity which is used in the present study. Similarly, the estimation methods differ
with EQML taking account of the heteroskedasticity in te present study and 25LS in
Sullstrém [1995]. The endogenous right hand side variables are also treated differently
in these studies.

. There are also some differences in actual calculation of compensated own price elas-
ticities. The earlier study by Sullstrém [1993] does not take into account of the A(q)
term in real expenditure variables and can be seen referring to a elasticity which is com-
pensated w.r.t. the real income and not utility as in the present study, compare (4.14)
with (8.7). The former calculations produce values that are consistently lower than those
obtained by the latter formula in the case of normal goods. Which is the more accurate
one, if one considers the bias inherent to using the Stone price index in lieu of the using
the theoretically correct index A(g), in a non-linear model (4.35) is an open question in
QAIDS. However, we have been able to give some arguments for the former method as
having a less severe inherent bias in the ordinary AIDS-model, Section 4.1.7

If the Finnish studies are compared one notes that more marked differences are found
in the expenditure elasticities of NWj3, Clothing and Footwear, and NW; Transport and
Communication, with the present ones being lower than those obtained earlier. The own
price substitution elasticity for Food has presently a value which is closer to zero, see
the above remarks. On the other hand, NWs Clothing and Footwear has been earlier
estimated less elastic w.r.t. own price. .

"Both studies utilize the ’linearized version’ of QAIDS (4.11) not accounting for the term By(g) in the
calculations. In contrast, the full nonlinear equation (4.6) suggests that the slope terms S1; that we let
vary w.r.t. the household composition should be integrated to the second order coeflicients. -We have to
wait for an improved analysis which utilizes a version of the model fully incorporating the nonlinearities
to provide more definite answers and hopefully results that conform better with the 'theory’.



Chapter 10

Conclusion

Modern approaches to the econometric analysis of the structure of household consump-
tion adopt a representation of preferences which is flexible in the sense that it can be
seen as to present a second order approximation in relative prices for the expenditure or
indirect utility functions. The empirical advantage of using this type of representation
for functional form is that untenable restrictions on behaviour are avoided. In effect
the elasticities are measured not assumed. The model QAIDS that we use provides a
flexible framework in which to explore the evolution of consumer demand. The Engel
curve which relates the expenditure share of an individual consumption category to the
total consumer outlay has additional flexibility in the form of allowing a second order
real expenditure term and is a quadratic extension of the function presented by Working
[1943]. The functional form is derived as a quadratic extension of the Almost Ideal De-
mand System, (AIDS) originally introduced by Deaton and Muellbauer [1980a], where
consumption structure is represented by a system of equations in budget share form.

The data of the study are drawn from six cross-section surveys made in Finland in
1966, 1971, 1976, 1981, 1985, 1990, having 33420 observations in all. In many respects
our work builds on the U.K. tradition which spans through several decades starting from
the monumental study by Stone [1954a] and [1954b].

An appealing feature of economic research in household behaviour is the close and
intimate relationship between theoretical specification and appropriate estimation tech-
nique. This is most apparent when empirical analysis takes place at the micro level.
Analysis of household budgets presents an area where important advances have been
made in the econometric methodology.

The econometric tools that we have used in the study introduce some novel aspects
that may have added methodological interest. Allocation models are customarily estima-
ted using Zellner’s [1962] Seemingly Unrelated Regressions (SURE) model. This assumes
that the covariance structure across individual equations is homoskedastic. Particularly
when using microdata homoskedasticity is a untenable assumption resulting in inefficient
estimators and distorted statistical inference procedures. In contrast, heteroskedasticity
is unavoidable in efficient consumption share equation estimation as shown for example
through the consistent stochastic specification by Chavas and Segerson [1987]. Random
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individually varying coefficients models produce covariance structures that fall into the
heteroskedastic framework.

We introduce an econometric model and an estimation method which accommodates
parametric heteroskedasticity in a single equation Estimated Quasi Maximum Likelihood
(EQML). First, the heteroskedasticity in the model disturbance terms is modelled in a
simple and economical but simultaneously in a relatively powerful way by connecting
the fit of the budget share equation and the corresponding variance of the error by a
functional relationship that is governed by a single estimable parameter per equation.
One may motivate the specific functional form as arising from an approximation at the
mean of a stochastic parameter model. Similarly, we account for some survey specific
features in the sampling framework and methods used in collecting the actual data by
estimating a variance parameter separately for each survey. The procedure has a natural
counterpart in the ordinary random effect approach to modelling proper panel data.
Under some specific assumptions we have been able to evaluate efficiency gain of using
the heteroscedastic vis-a-vis a homoskedastic single equation model and it turned out
that these gains are substantial in our data.

Second, an important econometric problem concerns the error-free measurement of
the various components of consumption. In particular, total consumption expenditure
should correspond to the theoretical concept which is exogenous to the allocation decision
rather than to the error-prone actual expenditure measure which reflects the relatively
short bookkeeping periods used in collecting the actual data. This point has been argued
already by Summers {1959] and is likely to be particularly important in cross-section work
where occasional large purchases affect "both sides of the Engel curve”, Deaton [1986].

To account for data imperfections encountered in collecting the consumption data
the statistical-econometric sampling model of the data treats nominal total expenditu-
re similarly as in an ’errors-in-variables’ problem and solves the estimation problem by
incorporating the use of preliminary fits on the right hand variables in a novel way. Here
we have utilized a two stage estimation procedure where a preliminary fit by instruments
is used to project the error-prone variable on a linear subspace spanned by the instru-
ments. In effect the total expeunditure is replaced by a conditional expectation and the
expectation should be taken in relation to a set of predetermined variables that house-
holds use to forecast the future values that affect the consumption decision in a dynamic
life-cycle framework, see Bierens and Pott-Buter {1989]. These variables should account
for wealth variables not neglecting human wealth variables, and conditions in the labour
and financial markets.

Our method has some similarities with Blundell et. al. [1993] but for the above rea-
sons we prefer to use a richer set of instruments and non-linear forms in the parameters
and variables together with time varying parameters for each survey. At the second
stage of our two-stage estimation procedure all variables that are functions of total real
expenditure are replaced by the conditional expectations in contrast to having separate
treatment by instrumental variables, as conventionally done. The modifications involve
several aspects in the model, for example treatment of nonlinear transformations in con-
ditional expectations. Here we make use of the properties of the conditional expectation



and the distributional properties of the parameter estimates obtained at the initial stage.
This is done to take into account that we are substituting preliminary estimates for the
error-ridden, endogenous explanatory variables rather than the true conditional expec-
tations. Zellner [1970] proposed a similar estimation method which utilizes information
on the specification for theoretical variables in structural estimation of the model. In our
EQML-method this is done by modifying the error terms in the model correspondingly
and making the necessary modifications in the variance of an augmented disturbance.
The quasi likelihood function that we obtain is maximized to obtain estimators for the
structural parameters of the model.

The covariances of those variables estimated at the initial stage are utilized at the final
stage to guarantee correct inferences in the model. In addition, we have used the func-
tional relationship between our endogenous explanatory variables to get compensating
efficiency gains at the second stage of estimation.

To give a comprehensive picture of how the structure of consumption evolved during
the time period 1966-1990 we have included purchases of durables and housing costs
within the nine consumption categories that we study. In the 24 year time period covered
by our data labour moved from rural to urban areas, and the after-war baby boom
generation have grown from youth to middle-aged with a simultaneous reduction in the
average family size. These major influences as well as the impact on the individual
living standards brought along massive changes in the Finnish society. While the focus
in analysing the change has often been on the supply side and the key areas of economic
activity as the labour and financial markets and on aggregate demand, many shifts have
occurred in the composition of demand. These changes took place as incomes increased,
relative prices changed and the age structure and family composition was reformed, and
new goods and services were introduced.

We utilize a wide variety of explanatory variables that allow for the budget share
equations to depend on other predetermined explanatory factors than just price and
total expenditure. These covariates take account of the demographic characteristics:
geographic location of households, the age and gender of household head, and factors
related to household composition, household size, the number of children and old-aged
persons. We feel that our methods of analysis provide insight into the evolution of
consumption structure over the years 1966-1990.

For these purposes we have introduced two auxiliary variables, not commonly met in
similar studies. The first variable is introduced to capture some cohort effects in slowly
changing consumer environment where new commodities are introduced and habits and
preferences evolve. The variable that we have useéd is the logarithm of the household
head in a given year. This variable allows for a slowing creeping effect with respect to the
survey years. On the other hand, using only the calender age at the time of the survey
neglects the gradual overturn of population, and having in the sample people that are
observed to be same age but in fact have been grown up and moulded in widely differing
economic and social environments. The basic explanatory variables include logarithmic
age of household head and a quadratic term in the variable. Since the natural range of
the age variable is bounded then taken together these variables allow for the effect of age
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to be quite flexible, either monotonously decreasing or increasing, or to have the shape
of either a well or a hump.

Although it may be tempting to assign differences that we observed to tastes and
preferences there remains a possibility that omitted variables were influencing the results
that we observe. One notable variable is household wealth. Differences in the quality of
human capital across cohorts should not be overlooked either.

The principal mission is to give an analytical study of the evolution of the age and
income profiles in consumption and their effects on the structure of consumption. The
evolution of the Engel curves and the age profiles in consumption over the sample period
1966-1990 are examined by estimating and reporting the results on a series of models
with varying degrees of parsimony. This approach is selected in order to find out which
effects conveniently summarize the data without setting unreasonable restrictions on the
fit. - Here we have found out that diagnostic methods have to be used in a liberal and
relaxed manner to avoid from producing by far too complicated models. The model
that has no survey dummies but utilizes a full set of price variables does not set undue
restrictions on the data and simultaneously conveniently summarizes their most salient
features. It provides a parsimonious model although the data rejects it by formal tests.
On the other hand, it is natural that one cannot have high hopes to estimate sensible
own price elasticities using data from a single survey. It is a near futile exercise. But
the study gives a very useful warning of the hazards involved in trying to estimate the
Engel curves in consumption and other parameters that are in principle identifiable by
variation within surveys on the basis of individual cross sections of the data. We feel that
the number of surveys that we have available (six) is quite near the minimum needed to
do any sensible analysis.}

Because we have so many complicating covariates it is clear that elasticity calculations
and examination of results should be done in a multivariate framework. In comparing the
Engel curves and the age profiles in consumption obtained by using the different models
we resort mainly to graphical methods. The quadratic term in total real expenditure was
found to have a moderating and counterbalancing effect in the Engel curve if compared
with the coefficient of the ordinary real expenditure variable. Two categories of con-
sumption, Clothing, and Education and Entertainment, were found to represent luxuries
at low levels of real expenditure but necessities at higher levels of total expenditure to
‘reflect the increased scope for substitution as the spectrum in consumption possibilities
available to the consumer is widened. As people get older those component categories
which are connected to consumption activities that take mainly place at home get more
important, a prime example being Housind and (related) Energy. On the other hand,
the share is decreased in‘the categories, Clothing, Transportation and Communication,
and Education and Entertainment. Physical factors give a reasonable explanation why
we observed a declining share in the category Beverages and Tobacco, and an increasing
one in Health Care.

The gradual ageing of population and improvement in the living standards have effects

IThe possibilities for empirical work are far better in the United Kingdom where they currently can
utilize data from about twenty surveys.



which sometimes operate in opposite directions. The categories, Food, and Health Care,
represent necessities while the age profile in consumption is upwards sloping w.r.t. the
age variable. To augment the examination we have presented some material on the
cohort and life-cycle effects on consumption by supplementary figures which present
comparisons of the total, 'marginal effect’ if the ageing of the households is accounted
for in the surveys. We have labelled the figures as life-cycle profiles since in calculating
the profiles we make predictions of all the other variables on the basis of the age variables
that we allow to vary over the natural range of values. The age profiles of consumption
that we have discussed earlier can be interpreted as representing ceteris paribus effects,
i.e. in calculating them we hold other than age variables affecting the curves constant,.
In practice if we observe a typical household all through its lifecycle we see changes in
other variables too. Children are born into the family, they age and finally leave to start
their own independent life as consumers. The income available to a household typically
increase at first and finally may have a down-turn at old age. Simultaneously, over time
there is economic growth present which is reflected in higher living standards and higher
levels in total consumption.

In the study we have examined the cohort path of typical households across the age
profiles in individual surveys while the life-cycle profiles have been calculated to show
the total effect of ageing. In the categories, Food, and Health Care, the life-cycle profiles
are increasing with age but the income effects which operate in the opposite direction
are much stronger. Tracking the cohort path over the survey period as people age
one finds that the income (and other) effects have made households to decrease their
share while they have grown older. The opposite holds for the category Education and
Entertainment. Here the life-cycle profiles are downwards sloping but changes in other
variables over the sample period make the cohort path to be an increasing one. In the
categories, Clothing, and Housing and (related) Energy, the life-cycle effects and time
evolution in other factors strenghten each other. Interestingly enough, although the life-
cycle profiles are decreasing quite rapidly in the category, Transport and Communication,
other favorable developments in the survey period make the cohort paths to be horizontal.
Individual households have been able to maintain a relatively constant budget share even
while they are 24 years older in 1990 than in 1966.

In addition, we have examined the effects of household composition. The gender of
the household head has considerable influence on the consumption structure. If the head
is a female it implies on the whole similar movements in the structure, as ageing does
but we could not find any similarities with the income effects. The categories, Housing,
and Household Appliances (Furniture), are found to be luxury items of consumption if
household size is considered. In the same fashion, they represent luxuries w.r.t. total
expenditure in the typical range of values. The same observation holds for Education
and Entertainment but in the more recent surveys households with children seem to have
elevated budget shares. Similarly, Food is a necessity both w.r.t. the household size and
total expenditure. The category, Beverages and Tobacco, seems to have less substitution
possibilities for children’s goods, since only single males have higher budget shares than
households with children. In addition, activities that take place outside home seem to be



131

preferred by households having a single young member. In contrast, in those activities
taking place mostly at home one finds both economies of scale w.r.t. the household size
:and more preference by older persons.

Geographic location of households has influences on the consumption structure that
can be interpreted to be caused by colder weather in the more northern parts of the
country (Housing and Clothing), or the needs to communicate over wider areas (Trans-
port and Communication) in the countryside and other less densely populated areas.
There are also other covariates that were observed to affect the structure of consump-
tion. In particular, we found out that the indicators which we use to proxy for human and
real capital, and indicators of labour supply variables enter the budget share equations.
This suggests that separability of leisure and consumption does not necessarily hold,
and additionally wealth and intertemporal decisions may affect the current allocation
among the component categories of consumption. The finding is robust in relation to
the inclusion of durables (and housing costs) in the component categories, and in accor-
dance with the results by Browning ang Meghir [1991]. The corresponding decisions
are treated as predetermined in the study and the budget share equations reflecting the
current allocation have been conditioned on them, hopefully conforming to the causal
ordering in the variables.

In the last part of the study we have examined the elasticities of demand. Here we
have used models which are more constructive for the purpose of estimating the elastici-
ties of demand. Because the induced disturbances at the second stage of estimation have
a relatively complicated structure we chose to use an EQML method to estimate the pa-
rameters separately for each equation. Therefore, one cannot directly impose parameter
restrictions across equations as would be needed in testing for symmetry in the price
parameters as required by a model that is based on utility maximizing behaviour on the
part of the household. Furthermore, the adding-up constraints of the model parameters
are not necessarily valid at the estimates that we obtain by using a statistical model for
heteroskedasticity. However, we have been able to use a Waldian test for these restric-
tions using the unrestricted form of model as the base line. Similarly, we have proposed a
linear function of the unrestricted estimators which satisfies the above constraints. The
corresponding estimator is the best unbiased linear transformation of the unrestricted
estimators in the sense that it has under the null hypothesis the smallest asymptotic
covariance matrix in the set of estimators that are linear functions of the unrestricted
estimators and satisfy the linear constraints.

In the study we have reported expenditure and price elasticities for the nine categories
that include housing expenditure and purchases of durables to give a complete picture
how the structure of consumption evolved during the time period we cover 1966-1990.
The results were compared with the descriptive measures that we have obtained for
elasticities using time series data.

The elasticities for our second auxiliary variable may have some interest. The va-
riable is used to examine and test our model for an early and interesting ’relative income
hypothesis’ in consumption behaviour which was originally put forth by Duesenberry
[1949], related ideas have been propagated also by Veblen [1899]. The hypothesis sug-



gests that a consumer’s consumption habits should reflect his (or her) social reference
group. When that individual’s income fall below the comparison level, he feels relatively
deprived. The relative deprivation theory which is a common theme in psychological and
sociological literature has not made much impact into the economic literature. Alter-
native interpretations to the above phenomenon might involve the concept of positional
goods, i.e. goods whose consumption is dependent on the consumer’s position in the
income distribution rather than on his actual income level.

To explore these ideas we have included a positional, ’relative expenditure’ variable
into the model. The variable measures the distance of the household from the median
consumer. The median is estimated using the population mean of logarithmic total ex-
penditure adjusted for the size of household. The variables are based on instrumented
values and the mean is calculated separately for each survey. We have made an as-
sumption that if the position of a household in the income distribution is unchanged the
coefficient of the positional variable does not enter the calculations of the conventional
expenditure elasticity. It is treated as an indexing variable and equally as any other si-
milar variable, for example household composition and size. In contrast, it accounts for
those changes in consumption that result from climbing up (or down) the social ladder
while the conventional expenditure variables give the effects of the gradual improvement
in living standards.

We found that if durables and housing costs are included in the data, the categories,
Housing and (related) Energy, Household Appliances, and Transport and Communica-
tion have significant coeflicients and positive elasticities w.r.t. ’relative expenditure’
indicating that they may be used for signalling, or show-off purposes. Education and
Entertainment and the residual category, Other Goods, have correspondingly negative
coefficients. In the other categories the variable was found to have neither any numerical
nor statistical significance to the model. When durables and housing costs are left out
we noticed that the coefficient is significant and positive only in the category Household
Appliances, in the other categories it is no longer significant, giving more credence to
our interpretation of the auxiliary variable.

We fully recognise that consumption of durable goods exhibits different patterns from
consumption of nondurables and services and their inclusion may be detrimental to ob-
taining price coefficients that properly characterize the current allocation. For these
reasons we presented supplementary estimates for the elasticities at the aggregate level
that have been obtained by not including durables. At the same time the somewhat
troublesome category Beverages and Tobacco is left out since here some addictive beha-
viour may be present. We have observed that the ’compensated own price elasticities’
have the correct, negative sign in all categories but Transport and Communication where
it is slightly above zero (but not significant) if calculated at the aggregate level in 1990.
The estimated compensated price elasticies are quite low in absolute value reflecting
the modest substitution possibilities between the commodities when broad categories of
consumption are considered at the aggregate level. Food was found out have the lowest
value of expenditure elasticity and Clothing the largest if one does not consider the re-
sidual category, Other Goods which has a very mixed composition and has been found
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to have unstable coeficients in the survey data.

Overall our results are encouraging if one is more inclined to verify rather than falsify
the neoclassical mode of household behaviour although they exhibit some of the problems
encountered in the estimation of allocation systems. These are often seen when time
series data are used. Symmetry and negativity of the Slutsky matrix are not confirmed
by the data. Considering the problems in our data, the small number of surveys available,
and the wide time period we had to cover the basic outcome is not unreasonable.

To put our results in a perspective recall what Deaton [1974] writes in his Frisch-prize
winning paper (p. 341) *Unlike most previous work, and in spite of some anomalous re-
sults, the United Kingdom experience seems broadly consistent with neoclassical demand
theory’. Although tests of homogeneity and of homogeneity and symmetry jointly indica-
te rejection at the five per cent significance level and one of the eigenvalues of estimated
matrix of substitution effects is positive. In these aspects our results are quite similar
although here the micro data manage to beat the significance levels by huge orders of
magnitude, the reader can actually choose any level he desires. The power of test is
naturally depending on efficiency in estimation and the number of observations available
(in our case 33 420).

The implications of our study for work on aggregate data are clear. Even ignoring the
interaction of total expenditure variable with the other variables and the second order
term, the aggregate models exclude many important explanatory factors. Therefore,
particular care should be taken in interpreting estimated demand elasticities and tests
of theory restrictions based on them using aggregate data. Comparisons of estimates
either across differing time periods or even across countries are not on consistent basis.

There exists conditions under which the macro equations consistently estimate the
price tesponses of demand, see Stoker [1984]. Examination of micro data has shown
that these conditions are rarely met in the data Browning [1987], and Blundell et.al.
[1993]. The micro model contains evolving demographic characteristics that show up in
the aggregate level as the average size of demographic groups. If these characteristic
are slowly changing it may well be captured by a stochastic trend component which
shows up as autocorrelation or misspecified dynamics. Qur descriptive examination of
the Finnish time series data seems to confirm this. Estimation of parameters may be
biased unless this is accounted for. When the specific distributional conditions, see
Stoker [1984], are not met it is possible that demand equations based on aggregate data
will be inhomogeneous without the presence of money illusion. Furthermore, symmetry
conditions hold only under very restrictive assumptions, not met in our data.

Simultaneity of demand with the price variables has often argued to be a possible
source of biased estimation. In extreme cases the interaction of demand and supply
may be at the aggregate level such that quantity consumed becomes predetermined
and the price becomes the endogenous variable. Especially the older literature was
concerned with this. Simultaneity is considerably lessened if micro data is used but
contrary to some opposite views in the literature the bias is not altogether avoidable. It
is true that price variables are independent of the consumption of individual households.
But if the sample is a representable one of the total population then prices cannot be



independent of aggregated values of demand. Therefore the individual errors in the data
should have a common error component which survives the summation over the sample.
Unfortunately properties of estimators are also crucially dependent of the errors summed
over the sample.

The models developed in this study and the empirical estimation results have an
immediate application if say one needs to asses future changes in the allocation among
the component categories of consumption that are due to predictable changes in economic
growth, and in demography such as ageing of population.

We consider that our modelling strategy provides a steady platform to build on the
experience accumulated so far. The results presented on the allocation of non-durable
consumption can be used to develop analysis to the direction which we feel is the more
interesting one to consider,

In follow-up studies we take a direct welfare analytic approach to aim at the distant
goal to examine the effects due to a comprehensive tax reform which imply changes
both in the indirect and direct (labour) taxation and subsidies given to households.
Our system of demand functions (QAIDS) is based on a functional relationship for the
expenditure function which allows for a theoretically consistent way of evaluating tax-
reforms by a direct calculation of the welfare-based efficiency measures, for example
equivalent variation, see King [1983], Baker et.al. [1990], and Suoniemi [1994], and
obtaining confidence intervals for them. Our research interests include estimating and
studying ’equivalence scale measures’ to correct for differences in household size and
composition when welfare of different households are being compared. A similar yardstick
is often needed to adjust poverty lines or welfare cash transfers for differences in the needs
of households having varying size and composition. In the process we plan to present a
more advanced version of the model which corresponds more closely to the theoretical
considerations by abandoning the linear approximation and using the formulation of the
model which is nonlinear in the parameters and incorporates the mutual restrictions in
the coefficients of the real expenditure variables. The analysis that is given by Pashardes
[1993] and which we have developed in this study suggests that the bias inherent in using
the Stone price index may have lifted the compensated elasticities to the direction which
is unproductive for obtaining ’theoretically decent’ values. This opens up an interesting
research avenue giving us some room to manoeuvre and may even offer an escape route
to explore.
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A.1 Appendix 1

The Figure Al.1 provides a description of the evolution in the budget shares and relative
prices (’1938’=1.000) in eight component categories of consumption: (2) Beverages and
Tobacco, (3) Clothing and Footwear, (4) Housing and (related) Energy, (5) Household
Appliances, (6) Health Care, (7) Transport and Communication, (8) Education and En-
tertainment, and the residual category (9) Other Goods (and services).

The time series variables are up to the year 1948 constructed by Laurila. Since then
they are based on the System of National Accounts (SNA), and starting with 1960 on
the new SNA. The price indices are obtained as the implicit deflators which are formed
by diving each expenditure series, measured in current prices by the corresponding one,
in fixed prices.

The ’expenditure and price elasticities’ give at most an analytic description of the time
series data. They are obtained by fitting a simple loglinear filter on the consumption
data over the period 1900-1990, considering each component category separately. The
smoothing operator is based on a traditional functional form that conveniently produces
the elasticities directly as the estimated parameters. The parameters are continuously
updated in the fitting process referring to a constant term and the price and expenditure
variables. They are obtained by estimating the simple loglinear function by the method
of weighted least squares repeatedly with a moving window of observations. The window
is centred on the particular (pivot) observation we consider and the pivot observation and
the window are moving through the whole time range. The weight function is based on
the density function of the normal distribution which is centred on the pivot (Chapter 2).

The smoothing implicit in the panels for the elasticities is done by both including all the
observations and also by omitting the war years in 1917-1919 and 1938-1945 (the dotted

lines).



Figure A1.1. Consumer demand in 1900-1990.
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Figure A1.1. Consumer demand in 1900-1990.
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Figure Al.1. Consumer demand in 1900-1990.
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Figure Al.1. Consumer demand in 1900-1990.
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A.2 Appendix 2

The following modifications are made to the original variables provided by the Statistics
Finland:

The variables CHILDREN (the number of children in the household) and HHSIZE
(household size) have been truncated from above in this study with limits 10 and 12,
respectively. The old variables are given with a * appended to the name of the variable.

For those values in the variable DISPINC (total disposable income) that are negative
in the 1990 survey or zero, we have substituted the value one before logarithm is taken
to form the variable LNY. The latter variable and its second order term LNYSQ are
used as instruments in the preliminary fits.

No other modifications are made to the data. Undoubtably, we would have obtained
better fits’ of the estimated models if the analysis had been restricted to deal with say
more homogenous groups of households, for example w.r.t. the household composition,
or if some obvious outliers had been removed from the data.

In Table A2.1. the variables 'LP1-LP9’, ..., 'LP8-LP9’ are formed by subtracting the
(logarithmic) price index relating to the residual category, LP9 from the other logarith-
mic price variables to impose homogeneity restriction in the budget share equations.
The variable 'LPSTONE’ refers to the Stone price index which is calculated using the
preliminary fits for the budget shares.
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Variable Mean Std Dev Minimum Maximum
LCOHAGE 3.74856 0.4030 1.946 4.644
LAGE 3.7776 0.3326 2.773 4,554
LAGESQ 14.3810 2.4907 7.687 20.738
HHSIZE 3.1483 1.6144 1.000 12.000
HHSIZE#* 3.1496 1.6226 1.000 18.000
HHSIZESQ 12.5180 13.4121 1.000 144.000
CHILDREN 0.9154 1.2204 0.000 10.000
CHILDREN* 0.9160 1.2251 0.000 13.000
FEMALE 0.2446 0.4299 0.000 1.000
OLDAGE 0.2747 0.8777 0.000 4.000
SPOUSENW 0.5159 0.4998 0.000 1.000
FARMER 0.1384 0.3453 0.000 1.000
SELFEMPL 0.0517 0.2214 0.000 1.000
WHCOLLAR 0.2845 0.4512 0.000 1.000
WORKER 0.3203 0.4666 0.000 1.000
RETIRED 0.2051 0.4038 0.000 1.000
EDUCB 0.5613 0.4962 0.000 1.000
EDUCM 0.3370 0.4727 0.000 1.000
EDUCH 0.1018 0.3023 0.000 1.000
SMHOUSE 0.5778 0.4939 0.000 1.000
SDHOUSE 0.0253 0.1569 0.000 1.000
FLAT 0.3969 0.4893 0.000 1.000
TENUROWN 0.7318 0.4430 0.000 1.000
TENURENT 0.2126 0.4092 0.000 1.000
TENURKIN 0.0556 0.2291 0.000 1.000
CENTHEAT 0.7360 0.4253 0.000 1.000
WEHOUSE 0.2102 0.4074 0.000 1.000
BATHROOM 0.7215 0.4483 0.000 1.000
Wwe 0.8273 0.3780 0.000 1.000
WWATER 0.7681 0.4220 0.000 1.000
CAR 0.6500 0.4770 0.000 1.000
RURAL 0.4598 0.4984 0.000 1.000
SOUTH 0.5444 0.4980 0.000 1.000
MIDDLE 0.3220 0.4672 0.000 1.000
NORTH 0.1336 0.3403 0.000 1.000
WINTER 0.2782 0.4481 0.000 1.000
SUMMER 0.2085 0.4063 0.000 1.000
AUTUMN 0.2666 0.4422 0.000 1.000
SURVEY 81.3478 7.5636 66.000 90.000
Dsé 0.0975 0.2967 0.000 1.000
D71 0.0893 0.2852 0.000 1.000
D76 0.1002 0.3002 0.000 1.000
D81 0.2205 0.4146 0.000 1.000
D85 0.2454 0.4303 0.000 1.000
D90 0.2471 0.4313 0.000 1.000
D6676 0.2871 0.4524 0.000 1.000




Table A2.1. Descriptive statistics of the data.

Variable Mean Std Dev Minimum Maximum
Wi 0.2827 0.1141 0.000 0.843
w2 0.0356 0.0464 0.000 0.613
w3 0.0685 0.0611 0.000 0.612
W4 0.2369 0.1118 0.000 0,883
W5 0.0631 0.0625 0.000 0.637
wé 0.0302 0.0411 0.000 0.768
W7 0.1545 0.1432 -0.000 0.910
w8 0.0800 0.0655 0.000 0.803
wo 0.0486 0.0652 0.000 0.766
Wi 0.2827 0.0710 0.108 0.575
W2 0.0356 0.0177 0.000 0.242
IW3 0.0685 0.0213 0.000 0.330
W4 0.2369 0.0694 0.000 0.632
IWs 0.0631 0.0132 0.000 0.194
IWé 0.0302 0.0143 0.000 0.183
W7 0.1544 0.0663 0.002 0.561
W8 0.0800 0.0235 0.000 0.233
W9 0.0486 0.0237 0.000 0.221
LP1 -0.0998 0.6499 -1.454 0.477
LP2 -0.0320 0.6543 -1.349 0.718
LP3 -0.0781 0.5631 -1.196 0.512
LP4 ~0.0373 0.6016 -1.266 0.610
LP5 -0.1668 0.7536 -1.819 0.539
LP6 0.0439 0.6402 -1.192 0.758
LP7 -0.1048 0.6612 -1.508 0.655
LP8 -0.0530 0.5962 -1.265 0.569
LP9 -0.0620 0.6929 -1.482 0.685
LP1-LP9 -0.0378 0.0748 -0.208 0.079
LP2-LP9 0.0300 0.0465 -0.023 0.133
LP3-LP9 ~0.0161 0.1335 -0.218 0.286
LP4-LP9 0.0247 0.0996 -0.095 0.216
LP5-LP9 -0.1048 0.0898 -0.347 0.004
LP6-LP9 0.1059 0.0818 ~-0.016 0.290
LP7-LP9 -0.0428 0.0475 -0.130 0.044
LP8-LP9 0.0090 0.0975 -0.116 0.216
LRELP1 -0.0255 0.0488 -0.125 0.053
LRELP2 0.0423 0.0440 -0.067 0.175
LRELP3 ~0.0039 0.0819 -0.126 0.247
LRELP4 0.0369 0.0654 -0.073 0.177
LRELP5 -0.0926 0.1249 -0.467 0.037
LRELP6 0.1181 0.0733 -0.017 0.259
LRELP7 -0.0306 0.0320 ~0.166 0.028
LRELP8 0.0212 0.0485 -0.048 0.186
LRELP9 0.0122 0.0570 -0.139 0.138
LPSTONE -0.0742 0.6399 -1.440 0.585
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Variable Mean Std Dev Minimum Maximum
LNY 11,0793 1,0653 0.000 15,043
LNY2 123.8856 22.6100 0.000 226.302
LNSQM 4.2563 0.5546 0.000 6.397
LNSQM2 18.4237 4.4374 0.000 40.921
LNC 10.8049 0.9905 7.046 14.077
ILNC 10.8049 0.9271 7.440 12.805
ILNC2 117.6051 19.4774 55.354 163.961
LNX 10.8793 0.6164 7.648 13.542
LNX2 118.73956 13.2962 58.493 183.397
ILNX 10.8791 0.5069 8.801 12.255
ILNX2 118.6124 10.8702 77.451 150.175
OECDSC 2.3206 0.9436 0.500 8.900
ILNXS 10.1215 0.3662 8.790 11.422
ILNXR -0.1785 0.3662 -1.510 1.122
LNRELX -0.0159 0.2616 -1.111 1.299
ILNXFEM -0.0440 0.1898 -1.610 1.072
ILNXSIZE -0.7061 1.65789 -18,116 3.210
ILNXCH -0.2604 0.8394 -15,096 1.891
VARILNP 0.0004 0.0010 0.000 0.037
VARILNC 0.0015 0.0017 0.000 0.062
ILNXSQ 0.1641 0.2569 -0.063 2.268
CONSUMP 73903.56 63884.48 1148.00 1299375.00
DISPINC 83854.83 69368.92 404260.00 3366559.00
WEIGHT 318.2131 228.3112 14.770  2547.000



Table A2.2. The instruments used in the preliminary fits.

Variable

Product terms

LNY
LNY2
LNSQM
LNSQM?2
LAGE
LAGESQ
HHSIZE
LN(HHSIZE)
HHSIZESQ
CHILDREN
FEMALE
OLDAGE
SPOUSENW
FARMER
SELFEMPL
WHCOLLAR
RETIRED
EDUCM
EDUCH
WEHOUSE
CAR
TENURENT
TENURKIN

SMHOUSE
SDHOUSE
CENTHEAT
BATHROOM
WC
WWATER
RURAL
MIDDLE
NORTH
WINTER
SUMMER
AUTUMN

TENUROWN*LNSQM

LAGE*LNSQM

LN(HHSIZE)*LNSQM

CHILDREN*LNSQM
FEMALE*LNSQM
OLDAGE*LNSQM

WEHOUSE*LNSQM
CAR*LNSQM

RURAL*LNSQM

WINTER*LNSQM
SUMMER*LNSQM
AUTUMN*LNSQM

(FARMER+SELFEMPL)*LNSQM

LAGE*TENUROWN

FEMALE*LN(HHSIZE)

FEMALE*LAGE

CAR*LAGE

TENUROWN*LN(HHSIZE)

RURAL*LAGE

WINTER*TENUROWN
SUMMER*TENUROWN
AUTUMN*TENUROWN

LAGE*LN(HHSIZE)

RURAL*LN(HHSIZE)

FEMALE*CAR

EDUCH*CAR
WEHOUSE*CAR
CAR*LN(HHSIZE)

TENUROWN*CAR

BATHROOM*CAR

RURAL*CAR

WINTER*CAR
SUMMER*CAR
AUTUMN*CAR




Table A2.3. The bookkeeping periods in 1981-1990.
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Bookkeeping
period

1981

1985

1990

00 -1 O U W N~

DO DD B DD B DD DN DD b= s b e b el i e e
NI DO HER WN OO~ UTCUERWER = ©

™o
oo

15.01.81-28.01.81
29.01.81-11.02.81
12.02.81-25.02.81
23.02.81-11.03.81
12.03.81-25.03.81
26.03.81-08.04.81
09.04.81-22.04.81
23.04.81-06.05.81
07.05.81-20.05.81
21.05.81-03.06.81
04.06.81-17.06.81
18.06.81-01.07.81
02.07.81-15.07.81
16.07.81-29.07.81
30.08.81-12.08.81
13.08.81-26.08.81
27.08.81-09.09.81
10.09.81-23.09.81
24.09.81-07.10.81
08.10.81-21.10.81
22.10.81-04.11.81
05.11.81-18.11.81
19.11.81-02.12.81
03.12.81-16.12.81
17.12.81-30.01.81
31.01.81-13.01.82

17.01.85-30.01.85
31.01.85-13.02.85
14.02.85-27.02.85
28.02.85-13.03.85
14.03.85-27.03.85
28.03.85-10.04.85
11.04.85-24.04.85
25.04.85-08.05.85
09.05.85-22.05.85
23.05.85-05.06.85
06.06.85-19.06.85
20.06.85-03.07.85
04.07.85-17.07.85
18.07.85-31.07.85
01.08.85-14.08.85
15.08.85-28.08.85
29.08.85-11.09.85
12.09.85-25.09.85
26.09.85-09.10.85
10.10.85-23,10.85
24.10.85-06.11.85
07.11.85-20.11.85
21.11.85-04.12.85
05.12.85-18.12.85

19.12.85-01.01.86

02.01.86-15.01.86
16.01.86-29.01.86
30.01.86-12.02.86

25.01.90-07.02.90
08.02.90-21.02.90
22.02.90-07.03.90
08.03.90-21.03.90
22.03.90-04.04.90
05.04.90-18.04.90
19.04.90-02.05.90
03.05.90-16.05.90
17.05.90-30.05.90
31.05.90-13.06.90
14.06.90-27.06.90
28.06.90-11.07.90
12.07.90-25.07.90
26.07.90-08.08.90
09.08.90-22.08.90
23.08.90-05.09.90
06.09.90-19.09.90
20.09.90-03.10.90
04.10.90-17.10.90
18.10.90-31.10.90
01.11.90-14.11.90
15.11.90-28.11.90
29.11.90-12.12.90
13.12.90-26.12.90
27.12.90-09.01.91
10.01.91-23.01.91
24.01.91-06.02.91
07.02.91-20.02.91




Table A2.4. Descriptive statistics of nondurables.

Variable Mean Std Dev Minimum Maximum
wN1 0.3746 0.1658 0.000 0.982
WN3 0.1017 0.0844 0.000 0.758
W4 0.06856 0.0608 0.000 0.877
WNB 0.0491 0.0537 0.000 0.708
WNe 0.0398 0.0560 0.000 0.833
WN7 0.1591 0.1148 0.000 0.917
WN8 0.0957 0.0707 0.000 0.709
WN9 0.1116 0.1087 0.000 0.951
IWN1 0.3747 0.1008 0.048 0.673
IWN3 0.1017 0.0287 0.000 0.409
IWN4 0.,0685 0.0400 0.000 0.406
IWNS 0.0491 0.0131 0.000 0.219
IWN8 0.0395 0.0226 0.000 0.475
IWNT 0.1592 0.0877 0.000 0.470
IWN8 0.0987 0.0281 0.008 0.374
IWN9 0.1116 0.0684 0.000 0.420
LNP1 -0.0922 0.6665 -1.4b64 0.515
LNP3 -0.0968 0.54563 -1.196 0.436
LNP4 -0.1632 0.4985 -1.266 0.292
LNPS -0.1563 0.7596 -1.819 0.556
LNPS 0.1064 0.6999 -1.182 1,003
LNP7 -0.1112 0.68632 -1.508 0.630
LNP8 -0.0300 0.81561 -1.2856 0.629
LNP9 -0.0619 0.6935 -1.482 0.693
LNRELP1 -0.0087 0.0288 -0.166 0.064
LNRELP3 -0.0133 0.1010 -0.238 0,294
LNRELP4 ~-0.0797 0.1643 -0.428 0.224
LNRELPS -0.0728 0.1268 -0.444 0.072
LNRELPS 0.1889 0.1389 -0.018 0.491
LNRELP7 -0,0277 0.0311 -0.194 0.042
LNRELPS 0.0535 0.0524 -0.076 0.224
LNRELP9 0.0216 0.0818 -0.122 0.207
LNPSTONE -0.0834 0.8427 -1.81¢9 0.816
NDCONS 46952.96  39923.12 535.00 B551354.07
LNCN 10.3664 0.9663 6.282 13.220
ILNCNSQ 108.2586 17.9981 49.0056 169.899
ILNCN 10,3664 0.8919 7.000 12,645
LNX 10.4499 0.8201 6.829 12.794
LNX2 118.7396 13.2062 £8.493 183.397
ILNX 10.4499 0.4993 8.396 12.078
ILNXR -0.1077 0.3182 -1.404 1.283
LNRELX -0.0038 0.2695 -1.173 1,263
ILNXFEM -0.02680 0.1638 -1.248 1,098
ILNXSIZE -0.43356 1.2850 -18.368 5.132
ILNXCH ~0.1718 0.6682 -16.744 2.5666
VARILNP 0.0004 0.0012 0.000 0.063
VARILNC 0.0018 0.0025 0.000 0.194
ILNXSQ 0.1107 0.1638 -0.070 1.952
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A.3 Appendix 3

In the following we present the Engel curves and age profiles in consumption for the
categories Wy, ..., Wy. In calculating the profiles the explanatory variables have ’typical’
values: The household has two members, both adults, the household head is a male, and
both are working until they are 65 years old. The household owns a car but the other
(dummy) variables have zero values corresponding to the implicit reference groups. In
calculating the age profiles in consumption the value of (nominal) total expenditure is
set equal to the mean in data. The variable is deflated using the Stone price index with
mean values of prices and budget shares in the data, and adjusted for the number of
equivalent adults (1.7) in the household. In the Engel curves the household head is 44
years.old, and the real expenditure variables are formed for each survey using separate
Stone indices for the surveys. ‘

In addition full estimation results are reported on Models A, B, C, and P, see Chapter 6.
The parameter estimates of the (nine) budget share equations have been multiplied by
100 to present the results in percentage points, for ease in exposition. The other pa-
rameters correspond to the (logarithmic) variance components and are reproduced as
such, having a useful interpretation in percentage points. The row LOGSO0 gives the
estimate for the (the logarithmic) variance component in 1985. The row YFITO gives
the heteroskedasticity parameter connecting the {exogenous part of) fit and logarithmic
variance of the error in the model.
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Figure A3.1. Engel curves and age profiles in consumption. -

Figure A3.1. Model P, Engel curves in 1966-90 variable W3

Figure A3.1. Model P, Age profiles in 1966-90 variable W3
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Figure A3.1. Engel curves and age profiles in consumption.

Figure A3.1, Model P, Engel curves in 1966-90 varioble W4
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Figure A3.1. Engel curves and age profiles in consumption.

Figure A3.1. Model P, Engel curves in 1966—90 variable WS

Figure A3.1. Model P, Aqge profiles in 1966—90 variable WS
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Figure A3.1. Engel curves and age profiles in consumption.

Figure A3.1. Model P, Enge! curves in 1966~80 variable W6

Figure A3.1. Model P, Age profiles in 1966-90 variable W6
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Figure A3.1. Engel curves and age profiles in consumption.
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Figure A3.1. Engel curves and age profiles in consumption.
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Figure A3.1. Engel curves and age profiles in consumption.
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Table A3.1.a Estimation results by quasi maximum likelihood, Model A.

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Param. T Param. T Param. T Param. T

CONSTANT -17.8189 -2.76 -39.7200 -20.19 22.2072 6.29 81.6199 10,93 36.5049 12.17
LCOHAGE ~-2.3389 -3.44 0.5597 2.78 -1.2873 -3.47 0.6898 0.87 1.3335 5.01
LAGE 25.1192 6.79 24.9068 21.66 -6.8220 -3.43 -38.6538 -9.05 -15.7428 -9.35
LAGESQ -2.7444 -5.79 -3.5093 -23.,24 1.0277 3.89 b5.7914 10.32 1.8332 8.72
HHSIZE ~0.1148 -1.04 -0.1452 -5.03 0.1727 2.86 -1.4389 -10.11 -0.4938 -11.18
HHSIZESQ 0.0089 0.74 0.0183 5.76 -0.0163 -2.46 -0.0015 -0.09 0.0145 3.50
CHILDREN -0.2949 -4.10 -0.4050 -18.25 0.1231 3.19 2.7064 30.17 0.2632 9.07
FARMER 0.1797 1.14 -0.7364 -14.,83 0.2618 3.23 4.7802 24.79 0.0170 0.31
SELFEMPL 0.0189 0.10 -0.1361 -2,33 0.7464 6.86 0.0350 0.158 0.1769 2.47
WHCOLLAR -0.3493 -2.92 -0.26561 -7.27 0.4879 7.12 -1.9300 -13.49 0.1221 2.77
RETIRED -1.0700 -6.37 0.0666 1.36 -0.0017 -0.02 2.4970 12.11 -0.00156 -0.03
EDUCM -0.3197 -3.06 -0.1938 -6.10 0.1873 3.27 -1.3270 -10.72 0.1998 5.03
EDUCH -0.2335 -1.41 -0.6507 -13.10 0.2486 2.68 -3.7908 -18.00 0.4028 6.05
FEMALE -0.9763 -8.62 -0.7469 -21.06 1.1620 15.28 1.1010 7.91 -0.0301 -0.71
OLDAGE -0.1068 -1.10 -0.0190 -0.64 -0.2891 -5.58 2.2727 17.83 0.1467 4.18
SMHOUSE -0.1262 -1.13 -0.1872 -6.61 -0.2795 -4.68 2.6934 20.06 0.2596 5.86
SDHOUSE 0.1037 0.36 0.15086 1.68 0.7308 4.26 0.0360 0.12 0.3469 3.30
TENURENT 0.9986 8.04 1.0009 22.17 0.6320 7.41 -1.9743 -14.00 -0.1569 -3.44
TENURKIN 0.8548 4.40 0.66853 9.25 1.16569 10.14 -2.1738 -10.22 -0.1370 -1.93
CENTHEAT -1.2726 ~-9.60 -0.3193 -8.52 -0.43568 -6.36 2.1501 13.38 0.0837 1.90
WEHOUSE -0.5116 -4.88 -0.1883 -5.96 -0.1932 -3.36 0.1716 1.34 0.0400 1.02
BATHROOM -1.6918 -11.587 -1.0665 -22.,290 0.1769 2.40 2.0554 11.94 0.2458 4.87
MIDDLE -0.0222 -0.24 -0.2203 -7.88 0.1330 2.56 1.1963 10.48 0.0176 0.52
NORTH -0.1873 -1.49 -0.1566 -4.07 0.4112 5.74 0.5502 3.71 0.2103 4.39
RURAL -0.0720 -0.73 -0.0811 -2.73 -0.0669 -1.26 0.3486 3.13 -0.0515 -1.47
SPQUSENW 0.2180 2.19 0.1222 4.07 -0.6273 -10.48 3.0123 25.09 -0.0859 -2.31
CAR ~2.4186 -16.48 -0.6463 -17.52 ~1.0845 -15.23 -4.9395 -290.02 -0.2899 -6.33
WINTER -0.1303 -1.14 -0.3455 -9.66 -0.2668 -4.24 1,5802 11.85 -0,2674 -5.93
SUMMER 1.8996 14.16 0.0078 0.21 -0.6850 -8.B7 -1.07i7 -7.67 -0.4542 -8.82
AUTUMN 0.3227 2.88 -0.1491 -4.30 0.6208 9.41 -0.3907 -2.94 -0.2997 -6.65
D6676 6.2447 10.95 0.3167 2.42 3.0476 8.49 12,6967 17.57 5.0072 8.96
D66 0.3087 1.16 ~-1.1842 -10.59 2,2182 7.84 0.7920 3.03 3.1216 6.87
D76 -3.7365 ~11.13 -0.4893 -3.10 -1.2046 -5.49 -3.2899 -10.05 -2.2473 -7.41
D81 2.5403 11.10 0.1122 1,22 0.7832 4.86 3.1684 15.556 -0.7556 -5.41
D90 4.5439 9.26 0.4381 4.16 -0.6690 -8.37 4.8101 12.36 ~0.3554 -3.16
ILNXR -9.9913 ~19.14 0.4504 2.01 3.2116 10.55 9.9320 15.53 1.6464 5.63
ILNXCH -0.2826 -1.52 0.0954 1.48 0.1795 1.B6 -1.1784¢ ~5.90 -0.0638 -0.70
ILNXFEM 1.9340 B.50 1.1807 8.30 -0.3019 -1.31 0.0212 0.06 -0.5931 -2.90
ILNXSIZE 0.0607 0.39 -0.2921 -5.09 -0.7660 -8.19 1.5980 9.02 ~0.1797 -2.28
ILNXSQ 3.3751 8.46 -0.4971 -3.23 -2.2424 -9.20 0.09i4 0.22 -1.0794 -4.51
LNRELX -1.7274 -3.76 0.2167 1.06 -0.9017 -3.26 1.8745 3.73 -0.3145 -1.04
LRELP 61.5323 15.51 2.7809 1.97 -5.9618 -2.94 -65.4101 -15.56 21.55688 8.43
LOGSO -7.3295 -8.0739 -7.1683 -5.8120 -8.5434
D676 -0.9283 -0.3530 -0.5866 -0.56377 -3.1061
D66 -0.0866 0.1707 -0.3724 ~0.1584 -1.6841
D76 0.3446 0.0130 0.3233 0.1128 1.1337
D81 ~-0.2665 -0.1028 -0.3187 -~0.0891 -0.3180
D90 -0.7722 0.1192 ~0.16561 -0.1025 -0.56669
YFITO 10.8304 51.5643 23.9745 4.1306 46,9047



Table A3.1a: Estimation results by quasi maximum likelihood, Model A.
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Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T
CONSTANT -4,3074 -3.69 50.0282 8.18 1.4910 0.40 -14.9660 -6.80
LCOHAGE 1.3629 9.57 -0.7554 -1.11 -1,6932 -3.91 -0.4304 -1.85
LAGE 2.5107 3.78 -17.3062 -4.97 8.7229 4.10 11.4950 9.25
LAGESQ -0.4237 -4.90 1.9856 4.38 -1.2818 -4.65 -~1.4695 -8.91
HHSIZE -0.2216 -10.69 -0.2898 -2.82 -0.1038 -1.77 -0.2418 -6.64
HHSIZESQ 0.0085 3.98 0.0719 6.17 -0.0318 -5.13 0.0179 4.74
CHILDREN -0.0328 -2.52 -1.2823 -15.81 0.4021 8.86 -0.2388 -8.72
FARMER 0.2682 8.35 0.1388 0.85 -0.5374 -6.15 -0.0961 -1.88
SELFEMPL 0.0708 1.86 0.1643 0.70 0.4030 3.35 1.0229 12.35
WHCOLLAR -0.0286 -1.21 0.1742 1.37 0.6016 7.82 0.5079 10.57
RETIRED 0.5114 13.83 -0.8610 -5.48 -0.1272 -1.356 0.3122 5.14
EDUCM 0.0252 1.25 0.0811 0.75 0.4689 7.22 0.2358 5.89
EDUCH -0.1642 -5.16 0.2557 1.47 1.3660 12.08 0.6982 9.77
FEMALE 0.0324 1.36 -1.3678 -11.58 =-0.5053 -7.23 0.5678 10.39
OLDAGE 0.2583 12.38 -1.3318 ~13.97 =-0.25568 -4.74 -0.1666 -4.81
SMHOUSE -0.2121 -9.23 0.3122 2.66 -0.5325 -7.70 -0.3251 -7.07
SDHOUSE -0.1349 -2.47 0.7378 2.55 0.3602 2.00 -0.0238 -0.24
TENURENT 0.0885 3.64 -0.0881 -0.75 0.4831 6.35 -0.0140 -0.31
TENURKIN 0.1708 4.49 0.0272 0.14 0.1617 1.36 0.1204 1.68
CENTHEAT -0.0359 -1.42 0.0832 0.65 0.0121 0.17 0.0317 0.67
WEHOUSE -0.0412 -1.96 0.5168 4.51 0.0108 0.17 0.1353 3.26
BATHROOM -0.0458 -1.71 -0.3988 -2.93 -0.1966 -2.51 0.2803 5.40
MIDDLE -0.0231 -1.23 -0.0760 -0.79 0.0167 0.30 -0.4014 -11.15
NORTH -0.0962 -3.82 0.7781 5.79 -0.3968 -5.38 -0.4884 -10.33
RURAL -0.1671 -8.43 1.3532 13.36 -0.2650 -4.53 -0.4932 -12.27
SPOUSENW 0.2049 10.11 0.3165 2.88 =-0.6263 -9.75 0.0408 1.08
CAR -0.2780 -11.13 10,3664 66.21 -0.6481 -9.41 -0.4490 -10.59
© WINTER 0.0698 3.04 0.1913 1.66 0.7304 10.92 -0.0976 -2.38
SUMMER -0.2534 -10.42 -0.6086 -5.03 0.3891 b5.54 0.2819 6.40
~ AUTUMN -0.1192 -5.,22 -0.6452 -5.65 0.4052 6.10 0.1308 3.17
D6676 -1.0489 -9.18 -0.8648 -2.60 -3.4492 -9.36 0.1761 0.73
D66 -0.5624 -4.66 0.0399 0.09 -0.9329 -5.74 0.5484¢ 4.91
- D76 -0.0514 -0.38 -0.1405 -0.56 2.6981 10.62 -0.1614 -1.64
D81 -1.1584 -6.17 -0.5567 -2.27 -0.5315 -4.53 0.2301 1.79
- D90 0.5784 7.62 -0.4730 -2.26 -0.2745 -2.19 0.5118 3.67
ILNXR -0.7281 -3.66 2.,2516 3.85 1.1595 3.72 4.0268 11.54
ILNXCH 0.1987 4.19 0.7335 4.10 0.9816 10.02 -0.0454 -0.83
ILNXFEM 0.0364 0.30 -1.6114 -5.06 -0.8737 -4.60 0.2738 1.81
ILNXSIZE ~0.1646 -3.82 -1.3284 -8.80 -0.9033 -11.47 -0.3523 -7.16
ILNXSQ 0.2820 2.14 -1,1777 -2.82 -1.7589 -7.83 -0.3142 -1.83
LNRELX 0.7669 4.12 0.9486 1.81 -0.3315 -1.09 -2.1107 -5.83
LRELP -1.6691 -1.40 8.5722 1.86 17.5642 6.07 9.8372 5.77
LOGSO -8.8486 -6.2792 -7.1709 -7.4418
D6676 0.1908 0.0712 0.0541 -1.5996
- D66 -0.0377 0.10863 0.1829 -0.2439
D76 -0.9562 -0.1886 -0.1097 0.4706
D81 ~0.6996 0.0436 -0.2080 -0.8573
D90 -0.6836 -0.0427 -0.2544 0.0958
YFITO 82.2269 12.7930 20.7279 41.2446



Table A3.1.b Estimation results by weighted LS, Model A.

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Param, T Param. T Param. T Param. T

CONSTANT -58.0523 -7.93 ~38.0269 -10.95 5.4478 1.13 86.9087 11.34 44.6225 8.50
LKOH -3.7863 -56.04 0.8721 2.41 -0.8349 -1.B6 0.7966 0.97 2.7932 5.08
LAGE 47.6050 11.38 22,4307 11.86 0.9168 0.33 -41.2275 -9.38 -21.7326 -7.24
LAGESQ -5.6042 -10.01 -3.2615 -13.28 -0.1040 -0.20 6.1238 10.62 2.3747 6.16
HHSIZE 0.16690 1.23 0.0646 0.99 0.6363 7.36 -0.5606 -3.95 -0.0431 -0.51
HHSIZESQ ~0.0344 -2.31 0.0006 0.12 -0.0276 =-2.82 -0.0162 -1.00 -0.0179 -1.99
CHILDREN -0.6062 -6.560 -0.5194 -13.18 0.0418 0.71 2.8746 30.98 0.3027 5.11
FARMER -1.0219 -5.33 -1,40056 -18.20 0.1160 1.00 65.2637 26.54 -0.1181 -1.04
SELFEMPL 0.2434¢ 1.06 -0.0867 -0.86 0.7020 4.61 ~-0.7649 -3.24 0.3319 2.18
WHCOLLAR 0.3166 2.16 -0.2667 -4.01 0.6760 6.98 -2.5012 -17.34 0.0923 0.93
RETIRED -1.9996 -10.07 -0.4621 -5.00 -0.0456 -0.38 2.8022 13.38 0.1098 0.87
EDUCM -0.0042 -0.03 -0.0986 -1.79 0.2299 2.914 -1.6647 -13.17 0.2180 2.62
EDUCH 0.9469 4.51 -0.3296 -3.77 0.3800 2.74 -4.8694 -23.41 0.6962 4.84
FEMALE -1.3700 -10.16 =-0,.65623 ~11.20 0.9940 10.81 1.2670 8.94 0.0917 0.97
OLDAGE -0.2873 -2.37 -0.32862 -6.40 -0.4343 -8.20 2.8211 21.61 0.2709 3.65
SMHOUSE 0.0848 0.41 -0.1639 -2.76 -0.4580 -5.34 2.0828 15.29 0.3068 3.356
SDHOUSE -0.8761 -2.56 -0.0628 -0.38 0.3372 1.34 -0.2411 -0.78 0.4378 1.95
TENURENT 0.4668 3.03 11,1242 15.14 0.2288 2.31 -1.9101 -13.18 -0.1110 -1.12
TENURKIN 0.1329 0.58 0.6836 5.26 0.8805 5.53 -2.0165 -9.19 -0.1613 -1.08
CENTHEAT ~1.0414 -~-6.563 -0.1874 -2.63 -0.1461 -1.58 1.6896 9.53 0.1304 1.33
WEHOUSE ~0.0964 -0.76 0.0008 0.01 -0.0427 -0.53 -0.31656 -2.42 0.1908 2.23
BATHROOM -0.8466 -4.76 -0.5823 -7.10 0.3480 3.27 1.1877 6.67 0.4048 3.67
MIDDLE -0.4709 -4.10 -0.4886 =-9.92 0.1604 2.22 1.6454 14.14 0.2572 3.47
NORTH ~0.4653 -3.10 -0.2444 -3.76 0.5277 5.37 0.8161 5.35 0.3492 3.48
RURAL ~0.6464 -5.656 -0.2632 -5.20 -0.2171 -3.03 0.3520 3.04 -0.0306 -0.40
SPOUSENW ~-0.4534¢ -3.65 -~0.2138 -3.95 -0.8087 -10.17 3.3176 26.77 -0.2935 -3.67
CAR -1.9512 -11.98 -0,0379 -0.563 -0.7104 -6.93 -6.1684 -37.71 -0.5407 -5.21
WINTER ~0.6343 -4.68 -0.4280 -6.76 -0.2885 -3.40 1.6909 12.34 -0.5102 -5.70
SUMMER 2.4383 16.21 -0.0206 -0.32 -0.5737 -6.13 -1.3321 -9.30 -0.6543 -6.89
AUTUMN 0.2274 1.71 -0.2774 -4.87 0.7586 8.54 -0.5489 -4.02 -0.4304 -4.78
D6676 4.0109 6.99 0.1866 1,06 3.7848 10.06 9.3464 13.64 3.4726 5.80
Des 0.3915 1.46 -1.4991 -13.09 2.6501 9.46 0.7878 3.02 1.9729 4.19
D76 -2.4183 -7.26 -0.9063 -5.45 -1.3982 -~6.32 -2.2270 -~7.01 -1.4897 -4.69
D81 1.6814 7.29 -0.2914 -2.92 1.1470 6.95 2.7800 13.95 -0.6068 -4.08
D90 2.4412 5.06 1.1007 9.31 -0.3806 -3.18 2.9198 7.81 -0.0692 -0.51
ILNXR ~13.6662 -23.19 ~-1,4002 -5.30 0.7648 2.14 11.4238 18.20 1.4771 4.04
ILNXCH ~0.1988 -0.98 0.2975 3.77 0.2260 1.72 -1.5809 -7.80 0.0044 0.04
ILNXFEM 1,2284 3.47 1.0776 7.36 -0.8160 -2.59 0.0763 0.21 =-0.7000 -3.11
ILNXSIZE -0.19562 -1.09 -0,3682 -5.06 -0.2469 -2.20 2.6484 14.84 -0.0862 -0.85
ILNXSQ 3.15641 7.61 0.3114 1.82 -1.0183 =-3.94 1.0733 2.68 -0.8443 -3.18
LNRELX -1.6923 -3.68 0.3872 1.86 -0.7380 -2.62 2.2964 4.56 -0.3935 -1.25
LRELP 39.9067 10.23 -3.6461 -2.42 -11,9539 -5.91 -42.2153 -10.74 15.3063 5.85
S.E.E 0.08786 0.0380 0.0665 0.0882 0.0568
R**2 0.3530 0.0772 0.0791 0.3023 0.0232
RESET(3) 47.8719 154.9385 24,8938 271.56206 3.8222



Table A3.1.b Estimation results by weighted LS, Model A.
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Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param, T Param. T
CONSTANT 6.01256 2.41 64.3113 7.95 9.852¢ 2.09 -4.5132 -1.28
LCOHAGE 2.84456 9.72 -2.4742 -2.59 -1.6881 -3.16 -0.46561 -1,02
LAGE -6.2103 -3.59 -24.8262 -5.47 2.9733 1.12 5.7632 2.91
LAGESQ 0.4627 2.45 3.2727 5.50 -0.4350 -1.26 -0.7425 -2.85
HHSIZE -0.0935 -2.23 0.5314 3.41 0.0848 1.04 0.3003 4.68
HHSIZESQ 0.0051 1.21 0.0160 0.97 -0.0427 -5.23 0.0038 0.67
CHILDREN -0.1878 -6.69 -1.7871 ~12.82 0.6992 10.84¢ -0.3167 -5.88
FARMER -0.0829 -1.45 -0.7665 -3.27 -0.6933 -6.37 -0.1076 -1.43
SELFEMPL 0.1182 1.72 -0.9973 -3.17 0.2686 1.68 0.6920 5.14
WHCOLLAR 0.1109 2.49 0.3974 2.08 0.6835 6.44 0.5507 6.64
RETIRED 0.3310 4.47 -0.3483 ~1.66 -0.2256 -1.89 0.1932 1.96
EDUCM 0.1976 65.04 0.4834 3.15 0.5959 7.00 0.3919 bB.79
EDUCH 0.1974 3.01 1.0206 3.71 1.6964 10.45 1.0712 7.56
FEMALE 0.1426 2.95 -0.4031 -2.23 -0.1362 -1.39 0.9530 9.20
OLDAGE 0.4726 10.76 =-1.3818 -10.92 -0.35661 -5.41 -0.2177 -4.29
SMHOUSE -0.2316 -6.33 0.,1288 0.78 -0.5807 -6.23 -0.7411 -9.49
SDHOUSE -0.1260 -1.28 0.1649 0.42 ~0.0938 -0.40 -0.2736 -1.80
TENURENT -0.1321 -2.80 0.0256 0.16 0.2704 2.64 0.1604 2.086
TENURKIN -0.0506 -0.69 -0.1081 -0.42 -0.0269 -0.17 0.1688 1.36
CENTHEAT 0.095¢ 1.94 -0.0037 -0.02 0.14563 1.66 0.0426 0.60
WEHOUSE 0.0571 1.40 0.3069 1.82 0.1268 1.45 -0.0061 -0.08
BATHROOM 0.2008 3.74 ~0.3142 -1.61 -0.0379 -0.36 0.1520 1.89
MIDDLE -0.1385 -3.84 -0.2315 -1.76 -0.0702 -0.96 -0.3037 -5.56
NORTH -0.1363 -2.99 0.3940 2.12 -0.3751 -4.00 -0.4513 -6.59
. RURAL -0.3060 -8.66 1.4923 10.74 -0.3965 -5.25 -0.5441 -9.13
SPOUSENW -0.0073 -0.19 -0.0709 -0.44 -0.8852 -10.81 -0.1543 -2.59
CAR 0.0289 0.54 10.9384 59.B7 -0.3126 -3.12 -0.6206 -8.08
WINTER 0.1311 2.90 -0.0990 -0.63 0.6404 7.50 -0.0972 -1.52
SUMMER ~0.1311 -3.,02 -0.3823 -2.34 0.2720 3.04 0.1444¢ 2.12
AUTUMN -0.0821 -1.93 -~0.4829 -3.06 0.4575 5.42 0.1831 2.37
D6676 ~1.4201 -9.66 -0.1580 -0.41 -2.9228 -7.13 -0.2682 -0.95
D66 ~0.5939 -4.69 0.,3799 0.89 -0.8443 -4.96 0.3350 2.78
D76 ~0.0176 -0.12 -0.4480 -1.73 2.4796 8.97 -0.0997 -0.90
D8t ~1.4520 -6.90 -0.5080 -2.03 -0.4154 -3.42 0.0664 0.47
D90 0.8730 9.47 -0.6649 -2.92 -0.1199 -0.87 0.7629 4.96
ILNXR ~1.8087 -7.94 0.8210 1.21 0.0470 0.13 2.8284 7.24
ILNXCH ~0.0001 -0.00 0.0865 0.37 1.2781 11.256 -0.1540 -1.87
ILNXFEM 0.1108 0.84 -0.4009 -1.08 -0.5497 -2.66 0.6132 3.26
ILNXSIZE ~0.0086 -0.10 -1.0698 -5.03 -0.7676 -7.81 0.1166 1.51
ILNXSQ 0.2294 1,56 -1.5870 -3.45 -1.3463 -5.54 0.4807 2.47
LNRELX 0.4298 2.29 0.8395 1.56 -0.3685 -1.19 -1.8594 -5.0b6
LRELP ~2.3527 ~1.79 9.69256 2.14 14.0417 4.31 5.6693 3.07
S.E.E 0.0275 0.1007 0.0558 0.0420
- R¥*2 0.0708 0.2637 0.1160 0.1338
RESET(3) 65.2997 123.1282 100.0838 105.7522



Table A3.2.a Estimation results by quasi maximum likelihood, Model B.

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Param. T Param. T Param. T Param. T

CONSTANT -15.7885 -2.45 -41.4216 -20.96 22.6684 6.44 82.7591 10.99 35.5139 11.99
LAGE6S 0.0979 0.17 0.4424 2.84 0.4373 1.42 -0.8756 -1.35 -0.3864 -2.01
LAGET1 0.016¢ 0.03 0.2782 1.94 0.0164 0.06 -0.9376 -1.66 0.1852 1.00
LAGE76 -0.0786 -0.17 -0.4661 -3.37 -0.1311 -0.48 1.1118 2.06 =-0.4028 -2.39
LAGES!? 0.5724 1.48 -0.36656 -3.24 -0.7493 -3.49 -0.1084 -0.26 0.5646 3.99
LAGES0 -1.0422 -2.91 0.2105 1.83 -0.6517 -3.33 0.063¢ 0.12 0.6018 4.36
LAGE 21.8116 6.22 26,3007 23.88 -8.5374 -4.43 -38.6680 -9.39 -13.8376 -8.91
LAGESQ -2.6080 -5.50 ~3.6178 -23.97 1.1267 4.30 5.9002 10.50 1.7372 8.45
HHSIZE ~0.1166 -1.04 -0,1301 -4.48 0.1560 2.61 -1.4302 -10.00 -0.4882 -11.11
HHSIZESQ 0.0080 0.66 0.0173 5,40 -0.0139 -2.25 0.0009 0.06 0.0140 3.41
CHILDREN -0.2929 -4.05 -0.4102 -18.35 0.1303 3.41 2.7337 30.30 0.2567 8.90
FARMER 0.1832 1.16 -0.7683 -15.27 0.2626 3.28 4.8035 24.90 0.0165 0.30
SELFEMPL 0.0069 0.03 -0.1244 -2.12 0.7604 6.97 0.0263 0.11 0.1716 2.44
WHCOLLAR -0.3649 -3.04 -0.2585 -7.07 0.4894 7.21 -1.9437 -13.66 0.1124 2.58
RETIRED -1.0962 -6.49 0,0887 1.79 0.0136 0.15 2.5326 12.19 -0.0149 -0.26
EDUCM -0.3011 -2.85 -0.2104 -6.56 0.1763 3.10 -1.3586 -10.88 0.2180 5.486
EDUCH -0.2176 -1.31 -0.6711 -13.41 0.2359 2,67 -3.8492 -18.14 0.4137 6.21
FEMALE -0.9776 -8.50 -0.7508 -21.17 1.1321 15.04 1.0949 7.85 -0.0204 -0.49
OLDAGE ~-0.1207 -1.24 -0.0088 -0.29 -0.2851 -5.55 2.3277 18.07 0.1326 3.82
SMHOUSE -0.1343 -1.21 -0.1814 -5.42 -0.2794 -4.63 2.6671 19.79 0.2628 5.96
SDHOUSE 0.0920 0.31 0.1525 1.70 0.7164 4.24 0.0b66 0.19 0.3326 3.20
TENURENT 0.9893 7.94 1.0035 22.17 0.5338 7.51 -1.9394 -13.70 -0.1543 -3.41
TENURKIN 0.8346 4.28 0.5857 9.07 1.1750 10.30 -2.1500 -10.07 -0.1509 -2.14
CENTHEAT ~1.2704¢ -9.43 -0.3246 -8.64 -0.4086 -6.03 2.1437 13.30 0.0737 1.69
WEHOUSE -0.5131 -4.88 -0.1778 -5.60 -0.1945 -3.42 0.1416 1.10 0.0387 0.99
BATHROOM ~1.7131 ~-11.65 -1,0661 -22.35 0.1718 2.36 1.9659 11.30 0.2511 4.97
MIDDLE ~0.0180 -0.20 -0.2367 -8.10 0.1351 2.63 '1.2174 10.63 0.0194 0.58
NORTH -0.1817 -1.44 -0.1671 -4.09 0.4184 5.90 0.5519 3.71 0.2080 4.39
RURAL -0.0666 -0.66 -0.0906 -3.03 -0.0626 -1.20 0.3480 3.11 -0.0467 -1.35
SPOUSENW 0.2027 2.02 0.1332 4.40 -0.6060 -10.22 3.0496 25.19 -0.0924 -2.50
CAR -2.4208 -16.46 -0.6610 -17.77 -1.0633 -15.06 =-4.9815 -29.09 -0.2933 -6.41
WINTER -0.1396 -1.22 -0.3609 -9.76 -0.2622 -4.21 1.5840 11.86 -0.2617 ~5.86
SUMMER 1.9093 14.16 0.0109 0.30 -0.5922 -8.76 -1.0863 -7.76 -0.4427 -8.67
AUTUMN 0.3143 2.80 -0.1417 -4.07 0.6219 9.62 -0.3975 -2.98 -0.2917 -6.53
D66 4.9216 2.22 -2.,2012 -3.78 2.3218 1.81 16.2699 6.35 10.3882 8.45
D71 5.4672 2.77 -0.3969 -0.73 2.0303 1.95 16.2942 7.03 6.1003 5.59
D76 1.9698 1.13 1.8917 3.64 1.7196 1.66 b5.6395 2.76 4.3801 6.19
D81t 0.0176 0.01 1.6246 3.74 3.2902 4.03 3.7896 2.33 -2.8912 -5.30
D90 8.6549 6.16 -0.4820 -1.09 1.9417 2.59 4.3967 2.61 -2.8000 -5.25
ILNXR ~10.1296 -19.32 0.4611 2.04 3.2743 10.73 10.2558 15.82 1.8090 b5.51
ILNXCH -0.2614 -1.39 0.0672 1.04 0.1629 1.42 -1.1338 -5.60 -0.0689 -0.76
ILNXFEM 1,9493 5.563 1.1648 8.09 -0.3471 -1.60 -0.0736 -0.20 -0.5332 -2.61
ILNXSIZE 0.0321 0.20 -0.2722 -4.71 -0.7677 -8.12 1.6394 9.18 -0.1900 -2.41
ILNX66 0.0369 0.05 0.0912 0.33 -1.8990 -3.90 =-1.9371 -2.87 0.8750 1.83
ILNX71 0.8200 1.18 0.3460 1.20 ~-1.7700 -3.94 -0.6798 -0.99 1.1647 2.46
ILNX81 -0.7785 -1.20 0,7386 2.88 =~1,7096 -3.88 0.9729 1.60 -0.4913 -1.08
ILNX90 -0.2076 -0.36 0.1851 0.82 -1.3189 -3.98 0.7882 1.47 -0.6512 -1.87
ILNXSQ 3.6667 7.66 -0.6226 -2.81 -2,8117 -10.00 -0.6444 -1.32 -0.5051 -1.75
LNRELX -1.3779 -2.66 .-0.0380 -0.17 -0.1247 -0.38 1.4155 2.52 -0.0021 -0.00
LRELP 69.9687 14.82 3.6023 2.53 -6.4237 -3.15 -64.7873 -15.29 21.4106 8.28



LOGSO
D6676
D66
D76
D81
D90
YFITO

.3085
.9221
.0453
.3746
.2623
. 7486
L7277

.0617
.4377
.2129
.0218
.1408
.1426
.3278

167

.2128
.4678
.3323
.2798
.2743
.1B43
.5476

-5.7998
-0.5218
-0.1346

0.0883
-0.0949
~0.0925

4.0627

.5643
.3168
.6398
.4216
.2442
.56714
.5524



Table A3.2.a Estimation results by quasi maximum likelihood, Model B.

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T

CONSTANT -7.0616 -5.91 B0.2016 8.16 65,2202 1.39 -16.7661 -7.45
LAGE686 -0.7198 -6.27 -1.9597 -3.60 2.3216 7.46 -0.2656 -1.456
LAGE71 ~0.8206 -7.62 0.4456 0.94 2.6776 9.08 -1.1099 -6.54
LAGET7S6 -0.71856 -7.46 0.6688 1.60 1.0936 3.77 0.2507 1.51
LAGES81 -0.3992 -5.11 -0.7406 -1.97 0.6168 2.856 -0.3561 -2.40
LAGE90 -0.0446 -0.58 -0.8130 -2.23 1.3688 5.86 -0.9086 -5.85
LAGE 4.8816 7.61 -18.6349 -5.66 6.4181 3.15 11.7304 9.64
LAGESQ -0.5039 -5.76 2.1108 4.64 -1.3580 -4.92 -1.5045 -9.12
HHSIZE -0.2294 ~-10.91 -0.2817 -2.74 -0.0904 -~1.53 -0.2664 ~7.13
HHSIZESQ 0.0090 4,16 0.0708 6.08 -0.0311 -4.95 0.0198 b.29
CHILDREN -0.0317 -2.40 ~1.28566 -15.86 0.3901 8.61 -0.2274 -8.40
FARMER 0.2618 8.06 0.2028 1.24 -~0.5620 -6.34 -0.0792 -1.57
SELFEMPL 0.0781 2,02 0.1446 0.66 0.4182 3.47 1.0183 12.44
WHCOLLAR -0.0316 -1.31 0.1500 1,18 0.6489 8.39 0.5112 10.71
RETIRED 0.5187 13.81 -0.9066 -~5.77 -0.0600 -0.63 0.3243 5.3B
EDUCM 0.0324 1.57 0.0996 0.91 0.4330 6.66 0.2225 5.856
EDUCH -0.1662 -4.83 0.2483 1.43 1.3308 11.76 0.6942 9.88
FEMALE 0.0349 1.44 -1,3276 -11.21 -0.4965 -7.06 0.5472 10.29
OLDAGE 0.2667 12.50 ~-1.3876 -14.53 -0.2387 -4.39 -0.1350 -3.94
SMHOUSE -0.2182 -9.36 0.308¢ 2.83 -0.5044 -7.29 -0.3429 -7.B52
SDHOUSE -0.1266 -2.26 0.7142 2.47 0.4316 2.38 0.0181 0.18
TENURENT 0.0822 3.33 -0.1076 -0.92 0.4868 6.37 -0.0051 -0.11
TENURKIN 0.1696 4.40 -0.0208 -0.11 0.2203- 1.84 0.108% 1.51
CENTHEAT -0.0419 -1.63 0.0704 0,56 0.0231 0.32 0.0386 0.83
WEHOUSE -0.0411 -1,93 0.5149 4.49 0.007¢ 0.12 0.1315 3.22
BATHROOM -0.0480 -1.76 -0.3737 -2.73 -0.2084 -2.66 0.26836 b5.19
MIDDLE -0.0238 -1.26 -0.0833 ~0.87 0.0i0f 0.18 -0.3857 -10.89
NORTH -0.0957 -3.78 0.7772 5.79 -0.4011 -5.41 -0.47356 -10.15
RURAL —0.1681 -8.36 1.3475 13.30 -0.3062 -5.20 -0.4855 -12.25
SPOUSENW 0.2065 9.97 0.3066 2.78 -0.6084 -9.48 0.0438 1.18
CAR -0.2838 -11.21 10.4027 66.48 -0.7002 -10.10 -0.4321 -10.33
WINTER 0.0661 2.80 0.2022 1.76 0.72587 10.82 -0.0926 -2.28
SUMMER -0.2623 -10.63 -0.B6742 -4.74 0.3851 5.47 0.268¢9 6.18
AUTUMN -0.1266 -5.42 -0.638f -5.49 0.3976 .5.87 0.1229 3.01
Dé6 1.7932 3.84 8.1266 3.87 -14.8075 ~-11.35 0.3471 0.49
D71 2.5728 6.06 -1.6640 -0.93 -14.0700 -12.59 3.4170 5.03
D76 2.0101 5.31 -3.1517 -1.88 -5.0436 -4.54 -1.4831 -2.31
D81 0.6429 1.83 2.5178 1.76 -3.0264 -3.41 1.4043 2.47
D90 0.4928 1.66 2.9149 2,06 ~5.3728 -5.92 3.8988 6.60
ILNXR -0.6623 -3.29 2.1689 3.69 1.4066 4.46 4.0076 11.54
ILNXCH 0.2169 4.54 0.8243 4.60 0.9231 9.36 -0.0637 -0.98
ILNXFEM 0.0164 0.13 -1.4911 -4.68 -0.9299 -4.85 0.1859 1.23
ILNXSIZE -0.1722 -3.99 -1.3957 -9.28 -0.8549 -10.76 -0.3303 -6.74
ILNX66 0.2112 0.78 3.2194 4.18 ~1.1078 -2.69 -2.2074 -6.24
ILNX71 0.2208 0.77 2.8621 3.83 -0.1137 -0.28 -1.9429 -5.79
ILNX81 0.4666 2.10 2.0948 3.00 0.9284 2.13 -1.8460 -4.78
ILNX90 0.8144 4.156 1.2667 2.04 0.0087 0.02 -0.3910 -1.20
ILNXSQ 0.1687 0.99 0.1345 0.28 -2.4264 -9.00 -1.1131 -5.26
LNRELX 0.1282 0.54 0.3666 0.69 -0.9646 -2.68 -1.3172 -3.11
LRELP -1.4306 -1.19 9.6193 2.11 21.0690 7.30 9.5032 b5.53



L0GSO
D6676
D66
D76
D81
D90
YFITO

.8140
.1075
.0810
.9692
.8420
.6412
. 7982

.2464
.0760
.0214
.1118
.0026
.0686
.7812
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. 2086
.1082
.3037
. 2069
.2041
.2037
.6126

.5502
.2723
.0922
.3200
.8133
.1332
.0378




Table A3.2.b Estimation results by weighted LS, Model B.

Household

Food Beverages, Clothing, Housing,
Variable Tobacco Footwear Energy Appliances
Param. T Param. T Param. T Param. T Param. T

CONSTANT -53.2063 -7.23 -38.1551 -11.62 5.9794 1.24 87.4633 11.35 42.4916 8.06
LAGESS6 1.0112 1.47 0.2169 0.79 -0.4035 ~0.83 0.0065 0.01 -0.3497 -0.7b
LAGE71 0.8633 1.43 0.0780 0.29 -0.8011 -1.94 -0.8497 -1.39 0.7373 1.61
LAGE76 0.5693 1.06 -0.32290 -1.41 -0.3929 -0.99 1.3016 2.34 -0.5282 -1.19
LAGES1 1.2627 2,68 -0.1668 -0.86 -0.1831 -0.64 -0.4504 -0.99 0.6478 1.78
LAGE90 -1.0736 -2.64 0.1480 0.79 -0.6317 -2.34 0.4602 1.02 1.3976 4.00
LAGE 41.8291 10.40 24.3426 13,59 -0.5422 -0.21 -40.6317 -9.62 -17.5469 -6.19
LAGESQ -6.2917 -9.64 -3.3856 -13.90 0.0249 0.07 6.1482 10.66 2.1288 5.57
HHSIZE 0.1617 1.19 0.0764 1.38 0.6164 7.10 -0.5330 -3.74 -0.0440 -0.52
HHSIZESQ -0.0383 -2.67 -0.0026 -0.48 -0.0269 -2.64 -0.0140 ~0.86 -0.0193 ~-2.15
CHILDREN -0.6148 -6.59 -0.5266 -13.34 0.0508 0.86 2.8941 31.07 0.2861 4.81
FARMER -1.0208 -5.33 -1.4180 -18.48 0.1142 0.99 5.2689 26.63 -0.1376 -1.21
SELFEMPL 0.2388 1.03 -0.0873 -0.86 0.7026 4.61 -0.7523 -3.23 0.3332 2.19
WHCOLLAR 0.3086 2.10 -0.2669 -4.00 0.6769 6.99 -2.5068 -17.37 0.0876 0.89
RETIRED -2.0480 -10.27 -0.4539 -4.88 =-0.0686 -0.48 2.8861 13.68 0.0624 0.49
EDUCM 0.0278 0.22 -0.1000 -1.80 0.2488 3.14 -1.7304 -13.59 0.2480 2.95
EDUCH 0.9980 4.74 -0.3268 -3.73 0.4068 2.93 -4.9705 -23.79 0.7286 4.85
FEMALE -1.3691 -10.06 -0.6469 -11.09 0.9743 10.59 1.2642 8.91 0.1128 1.19
OLDAGE -0.3431 -2.81 -0.3275 -6.38 -0.4486 -6.37 2.9036 22.06 0.2299 3.08
SMHOUSE 0.0676 0.60 -0.1520 -2.66 -0.4702 -5.49 2.0644 15.14 0.3298 3.60
SDHOUSE -0.8878 -2.60 -0.0598 -0.34 0.3111 1.23 -0.1989 -0.64 0.4284¢ 1.91
TENURENT 0.4113 2.73 1.1081 14.91 0.2362 2.37 -1.8566 -12.77 -0.1416 -1.43
TENURKIN 0.0816 0.36 0.5474 4.93 0.9007 5.63 -1.9836 -9.01 -0.1824¢ -1.30
CENTHEAT -1.0621 -6.59 -0.1962 -2.76 -0.1228 -1,30 1.5440 9.36 0.1262 1.28
WEHOUSE -0.0746 -0.58 0.0162 0.30 -0.0631 -0.66 -0.3460 -2.64 0.2079 2.43
BATHROOM ~-0.8113 -4.53 -0.56824¢ -7.10 0.3527 3.30 1.0411 5.91 0.4674 4.21
MIDDLE ~0.4872 -4.24 -0.4997 -10.156 0.1692 2,34 1.6668 14.30 0.2391 3.23
NORTH -0.4766 -3.17 -0.2629 -3.89 0.5404 6.50 0.8100 6.30 0.3401 3.40
RURAL -0.6410 -5.60 -0.2647 -5.24 -0.2068 -2.88 0.3423 2.95 -0.0329 -0.44
SPOUSENW -0.65074 -4.06 -0.2267 -4.17 -0.8051 -10.10 3.3770 27.08 -0.3288 -4.10
CAR ~1.9132 -11.70 -0.0646 -0.76 -0.6849 -6.65 -6.2414 -37.97 -0.5139 -4.92
WINTER -0.6442 -4.74 -0.4330 -6.84 -0.2986 -3.62 1.7078 12.45 -0.5086 -b.69
SUMMER 2.4666 16.33 -0.0142 -0.22 -0.6036 -6.456 ~-1.3510 -9.42 -0.64567 -6.81
AUTUMN 0.2192 1.656 -0.2773 -4.,67 0.7709 8.68 -0.5604¢ -4.10 -0.4274 -4.75
Dgs ~-0.6904 -0.23 -1.3947 -1.36 7.3512 3.80 9.2026 3.61 8.0842 4.12
D71 ~0.2466 -0.11 0.3064 0.30 6.1682 3,92 12,7126 b5.45 1.8562 1.04
D76 -1.6542 -0.83 0.8406 0.97 3.4579 2.31 2.6838 1.28 4.3721 2.61
D81 -3.6738 -2.04¢ 0.4448 0.60 1.6070 1.48 4.7665 2.83 -2.9131 -2.13
D90 6.9943 4.20 0.4229 0.58 2.1126 2.06 0.8148 0.47 -5.7266 -4.32
ILNXR -14.0163 -23.62 -1.4697 -5.51 0.7672 2.10 11.8741 18.67 1.3330 3.62
ILNXCH -0.1933 -0.94 0.2712 3.38 0.248¢ 1.87 -1.6766 -~7.65 0.0043 0.04
ILNXFEM 1.3029 3.67 1.0986 7.48 -0.6313 -2.66 -0.0404 -0.11 -0.6434 -2.85
ILNXSIZE -0.2670 -1.48 -0.3716 -5.06 -0.2581 -2.20 2.7261 15.19 -0.0895 -0.88
ILKX66 1.6481 2.26 1.06874 3.74 -1.3428 -2.72 -2.172¢ -3.00 1.1019 2.25
ILNX71 1.6042 2.31 0.6741 2.30 -1,56781 -3.45 -0.0403 -0.06 1.2939 2.86
ILNX81 -0.4476 -0.69 0.8688 3.33 -1.4927 -3,33 1.7611 2.72 -0.4831 -1.03
ILNX90 -0.3332 -~0.58 0.1402 0.62 -1.2177 -~3.63 1.3220 2.47 -0.6768 -1.70
ILNXSQ 3.8684 8.11 0.6639 3.28 -1.3722 -4.66 0.1933 0.39 -0.1894 -0.61
LNRELX -1.3180 -2.45 0.1919 0.82 0.0366 0.11 1.3856 2.47 -0.1483 -0.37
LRELP 38.7408 9.76 -3.5032 -2,28 -13.3278 -6.49 -39.9015 -10.02 14.7281 b5.49



Table A3.2.b Estimation results by weighted LS, Model B.

171

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T

CONSTANT 2.2690 0.90 65.8903 8.01 13.2734 2.76 -~6.0330 -1.67
LAGES6 -1.4948 ~5.72 -0.6544 -0.92 2.2041 5.57 -0.2948 -1.00
LAGE71 -1.2106 ~4.39 0.7943 1.23 1.9249 5.27 -~0.8120 -2.86
LAGET8 -1.0807 -~5.33 1.5659 2.63 - 0.3227 0.80 -0.4971 -1.67
LAGES81 -0.8068 -4.51 -0.6323 -1.21 0.2803 0.87 -0.2162 -0.77
LAGE90 0.4208 2.04 -0.9901 -1.89 1.0072 3.17 -1.2656 ~3.59
LAGE -1.1923 -0.87 -28.1382 -6.34 0.5681 0.22 5.6909 2.92
LAGESQ 0.3972 2.10 3.3883 b5.66 -0.4597 -1.33 -0.7264 -2.76
HHSIZE -0.0989 -~2,34 0.5188 3.32 0.1127 1.38 0.2858 4.44
HHSIZESQ 0.0064 1.50 0.0125 0.76 -0.0417 -5.07 0.0052 0.92
CHILDREN -0.1795 -6.37 -1.7523 -12.54 0.6814 10.54 -0.3110 -5.76
FARMER -0.0796 -~1.39 -0.7207 -3.08 -0.6760 -6.23 -0.0850 -1.13
SELFEMPL 0.1226 1,78 -1.0074 -3.21 0.2806 1.76 0.6963 5.18
WHCOLLAR 0.1082 2.42 0.3450 1.81 0.7i144 6.74 0.5746 6.95
RETIRED 0.3372 4,52 -0.4086 -1.94 -0,1306 -1.08 0.2436 2.45
EDUCM 0.1923 4.86 0.4967 3.22 0.5452 6.38 0.3831 5.64
EDUCH 0.1854 2.81 0.9810 3.56 1.6278 10.00 1.0940 7.70
FEMALE 0.1412 2.91 -0.3204 -1.77 -0.1473 -1.51 0.8916 8.61
OLDAGE 0.4820 10.90 -1.4447 -11.39 -~0.3124 -4.69 -0.1823 -3.56
SMHOUSE -0.2401 -5.52 0.1384 0.83 -0.5613 -6.03 -0.7805 -10.02
SDHQUSE ~-0.1288 -1.30 0.1774 0.46 -0.0356 -0.15 -0.2748 -1.80
TENURENT -0.1308 -2.77 -0.0178 =~0.11 0.2907 2.83 0.1782 2.29
TENURKIN -0.0434 -0.59 -0.1799 ~0.69 0.0217 0.14 0.1896 1.53
CENTHEAT 0.0884 1.79 -0.0283 -0.16 0. 1440 1.55 0.0493 0.69
WEHOUSE 0.0493 1.20 0.3179 1.89 0.1196 1.37 -0.0266 -0.36
BATHROOM 0.1863 3.44 -0.2615 -1.34 -0.0887 -0.84 0.1271 1.58
MIDDLE ~-0.1368 -3.79 -0.2684 -~2.04 -0.0698 -0.82 -0.2798 -5.14
NORTH -0.1368 ~-3.00 0.3791 2.04 -0.3768 -4.02 -0.4373 -6.41
RURAL -0.3082 -8.71 1.4755 10.63 -0.4209 -5.59 -0.5422 -9.12
SPOUSENW 0.0070 0.18 -0.1096 -0.67 -0.8373 -10.21 =-0.1265 -2.12
CAR 0.0199 0.37 10.9792 659.50 -0.4198 -4.15 -0.6169 -7.94
WINTER 0.1279 2.83 -0.0958 -~0.61 0.6308 7.39 -0.0867 -1.36
SUMMER -0.1403 -3.22 -0.3405 -2.09 0.2722 3.04 0.1301 1.92
AUTUMN -0.0907 -2.12 -0.4765 -3.03 0.4532 65.37 0.1514 2.35
D66 4.8672 4,94 3.6225 1.34 -13.,8341 -8.52 =-0.0684 -0.06
D71 4.07956 4.03 -2.9087 -1.21 -11.1998 -7.83 1.8648 1.75
D76 3.3564 4.49 -6.4314 -2.88 -1.8372 =~-1.19 0.82689 0.75
D81 2.0291 2.93 1.9620 1.00 -1.6588 -~-1.35 0.7096 0.68
D90 -1.1942 -1.58 3.65673 1.80 -3.8961 -3.14 5.533% 4.13
ILNXR -1.6917 -7.37 0.6780 0.99 0.3996 1.10 2.8060 7.11
ILNXCH 0.0261 0.42 0.2018 0.85 1.1863 10.26 -0.1763 -2.11
ILNXFEM 0.0938 0.71 -0.2371 -0.64 -0.6263 -3.00 0.5169 2.74
ILNXSIZE -0.0024 -0.04 -1.1642 -5.52 -0.6890 -6.91 0.1259 1.62
ILNX66 0.1408 0.51 3.4438 4,38 -1.0749 ~2.47 -1.9382 -5.35
ILNXT71 0.0649 0.22 2.7413 3.67 -0.2733 -~-0.66 -1.7937 -5.24
ILNX81 0.4173 1.88 2.4885 3.48 0.7887 1.77 -1.8037 -5.13
ILNXSO 0.7336 3.75 1.,2997 2.04 -0.1315 -~0.36 -0.3544 -1.07
ILNXSQ 0.1207 0.71 -0.2636 -0.51 -1.9624 -6.87 -0.2686 -1.11
LNRELX -0.1737 -0.73 0.2471 0.38 -0.8990 -2.33 -1.0030 -2.30
LRELP -1.9008 -1.42 11.5959 2.51 18.3887 &5.41 5.2238 2.756



Table A3.3.i Estimation results by weighted LS, Model C, year 1966.

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Param. T Param. T Param. T Param. T

CONSTANT -59.2602 -2.09 -12.7948 -1.10 24.4568 1.15 124.3084¢ 4.44 69.4867 3.90
LAGE 50.9960 3.31 11,0044 1.77 0.9206 0.08 -52.2562 -~3.48 -26.4421 -2.84
LAGESQ -6.2090 -3.00 ~1.6742 -1.89 -0.3217 -0.21 7.3778 3.66 3.2876 2.66
HHSIZE -0.3510 -0.83 0.0143 0.09 1.8271 6.29 -3.2763 -8.05 0.4265 2,04
HHSIZESQ ~0.0169 -0.42 0.0261 1.96 -0.0764 -2.81 0.1161 3.04 -0.0408 -2.16
CHILDREN 0.1241 0.42 -0.6480 -5.71 -0.8073 -3.80 2.8184 10.06 0.1731 1.15
FARMER ~0.5339 -0.87 -0.9918 -3.96 -1.76156 -4.07 4.7489 8.14 -0.1647 -0.53
SELFEMPL -0.5216 -0.61 -0.2102 -0.60 0.5076 0.80 0.1890 0.23 0.4703 0.99
WHCOLLAR -1.8122 -2.93 -0.4368 -1.64 1.0764 2,30 -1.8492 -3.20 0.2926 0.83
RETIRED -3.3310 -4.39 -0.7896 -2.51¢ -0.7866 -1.,49 2,8504 3.80 0.1902 0.47
EDUCM 0.1882 0.22 0.0884 0.26 0.4019 0.61 -2.4648 -2.96 0.6330 1.26
EDUCH 0.8296 0.45 -0.1722 -0.26 0.9360 0.66 -4.4126 -2.46 0.6332 0.57
FEMALE -2.0816 -3.41 -2.0863 -8.82 12,1368 4.74 11,9096 3.14 0.8598 2.53
OLDAGE -0.4032 -1.,05 -0.3873 -2.74 -0.8241 -3.14 2.3016 6.06 0.4747 2.43
SMHOUSE -0.0822 ~0.13 -0.6377 -2.35 -0.1448 -0,30 1.1661 1.88 0.4893 1.3l
SDHOUSE 0.6158 0.62 -0.3326 -0.68 1.5915 2.03 -2.6455 -3.02 0.0890 0.1l
TENURENT 0.3669 0.62 0.8956 3.41 1.4670 3.42 -4,2206 ~-7.61 0.3326 1.04
TENURKIN -1.3507 -0.94 -0.1906 -0.31 1.6348 1.55 -4,5291 -3.45 0,654 0.72
CENTHEAT -2.0529 -3.77 -0.,3117 -1.42 -1.0994 -2,87 3.7662 7.17 0.3621 1.27
WEHOUSE -0.2082 -0.35 0.02156 0.09 0.3687 0.84 0.6790 1.17 0.2670 0.80
BATHROOM -0.0109 -0.02 -0.3054 -1.30 0.1969 0.44 1.0164 1.69 0.4173 1.19
MIDDLE -0.2849 -0.71 -0.3837 -2.48 0.0240 0.08 0.9280 2.42 0.0986 0.47
NORTH 0.0665 0.13 -0.0690 -0.35 0.9302 2.51 -0.6039 -1.24 0.2495 0.92
RURAL -0.9288 -1.73 -0.6923 -3.06 0.1661 0.44 -0.3830 =-0.76 -0.2706 -0.94
SPOUSENW 0.2280 0.50 0.1852 0.98 -1.1241 -3.48 1.8267 4.22 -0.1835 -0.76
CAR -3.9242 -4.89 -0.0257 -0.08 1.1106 1.95 -5.2118 -~6.66 -1.0494 =-2.71
WINTER 0.1638 0.23 -0.5143 -2.91 -0.9446 -2.89 3.5313 7.96 =-0.4711 -1.89
SUMMER 3.9534 7.91 0.0307 0.13 -0.4231 -1.26 =-2.4645 -5.43 -1.0113 -4.,02
AUTUMN 2.2691 2.69 -0.0268 -0.10 1.2153 3.156 -1.7502 ~3.88 -0.9386 -2.10
LRELXCH -0.2790 -0.42 -0.2803 -1.20 0.2074 0.43 -0.9363 -1.44 -0.1364 -0.40
LRELXFEM -1.3077 -0.88 0.2809 0.556 -1.3151 -1.16 3.,0317 1.98 -1,0398 -1.20
LRELXSIZ -0.1163 -0.18 0.2414 1.05 -0.4310 -0.96 1.8244 2.98 0.2616 0.80
LRELXSQ 2.9647 1.89 0.3004 0.51 -0.8882 -0.79 -1.1592 -0.75 -0.0683 -0.08
LNRELX -15.4958 -7.80 -2.6264 -3.48 -0.1206 -0.09 7.5369 3.94 1,4320 1.34
LRELP 78.1623 2,90 -6.9604 -0.64 -94.5665 -5.04 -52.3076 -1.94 28,7601 2.50
S.E.E 0.0924 0.0358 0.0668 0.0878 0.0484
R¥*2 0.4038 0.0887 0.0790 0.3417 0.0671
RESET(3) 10.3083 33.2908 2.1464 42.5540 1.6377
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Table A3.3.1 Estimation results by weighted LS, Model C, year 1966.

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T

CONSTANT 2.6366 0.26 21.9777 0.78 9.0913 0.64 8.3032 1.04
LAGE 1.0024 0.18 -5.1542 -0.34 -0.3354 -0.04 -4.2604 -0.99
LAGESQ -0.1462 -0.20 0.3267 0.16 -0.1174 -0.12 0.5340 0.93
HHSIZE 0.0720 0.52 1.1242 2.87 0.6155 3.28 0.6356 5.79
HHSIZESQ 0.0033 0.28 -0.0210 -0.61 -0.0354 -2.15 -0.0326 -3.47
CHILDREN ~0.2834 -3.01 -1.0784¢ -3.37 -0.2012 -1.42 -0.2164 -2.60
FARMER 0.3201 1.65 -0.2448 ~-0.42 -0.4585 -~1.58 -0.2869 -1.76
SELFEMPL 0.0564 0.20 0.4484 0.50 0.2654 0.59 -0.0474 -0.17
WHCOLLAR 0.0689 0.34 0.4068 0.3 1.4310 4.19 0.3903 1.97
RETIRED 0.5720 1.87 0.4644 0.72 -0.1628 -0.47 0.1098 0.50
EDUCH 0.1884 0.62 0.5788 0.65 1.0769 2.29 0.B773 2.05
EDUCH -0.0477 -0.08 1.6768 0.84 1.5149 1.43 0.8874 1.32
FEMALE -0.3791 -1.62 -0.8057 -1.44 0.2199 0.77 0.6566 3.18
OLDAGE 0.4269 3.19 -0.9998 -2.87 -0.3008 -1.82 -0.1695 -1.76
SMHOUSE 0.1164 0.52 0.3724 0.68 —-0.5202 -1.49 -0.6068 -2.88
SDHQUSE 0.5041 1.56 0.7211 0.73 0.9412 1.69 -0.6736 -2.20
TENURENT 0.0121 0.08 0.3138 0.57 0.3104 1.03 0.4792 2.72
TENURKIN 0.7692 1.56 2.4521 1.98 -0.2392 -0.36 0.16356 0.41
CENTHEAT 0.1097 0.63 -0.1002 -0.18 -0.2831 -1.07 -0.0073 -0.05
WEHQUSE -0.0035 -0.02 -0.6867 -1.056 0.2408 0.76 -0.2206 -1.17
BATHROOM 0.1137 0.56 -0.2964 -0.46 =-0.5488 -1.70 -0.2442 -1.30
MIDDLE -0.1613 -1.25 -0.0429 -0.11 -0.0146 -0.08 0.0265 0.25
NORTH -0.0336 -0.21 -0.1048 -0.21 -0.4777 -2.086 0.0393 0.31
RURAL -0.1231 -0.71 2.2132 4.24 -0.0844 -0.20 -0.2650 -1.73
SPOUSENW 0.3917 2.568 -0.7821 -1.76 -0.4361 -1.96 0.0259 0.20
CAR -0.0336 -0.13 11.6030 13.15 -~-0.2442 -0.63 -0.1290 -0.57
WINTER 0.4210 2.74 -0.7887 -1.78 0.2793 1.30 -0.1836 -1.54
SUMMER -0.3262 -1.70 -1.0925 -1.91 0.7799 2.73 0.1922 1.15
AUTUMN 0.0308 0.14 -1.8887 -2.99 1.1089 3.49 0.2918 1.68
LRELXCH 0.1313 0.64 1.2714 1,77 0.3173 1.00 -0.1065 -0.58
LRELXFEM 0.8384 1.47 -1.0079 -0.75 -0.9943 -1.39 0.5707 1.11
LRELXSIZ -0.0200 -0.10 =-1.5113 =-2.,26 =-0.3216 -1.12 =-0.0276 -0.16
LRELXSQ 0.7307 1.28 -0.4490 -0.27 -2.0636 -2.66 0.3607 0.73
LNRELX -1.2617 -1.84 6.3215 3.20 1.0741 1.17 1.1902 2.11
LRELP -11.3287 -1.22 13.8794 0.51 ~11.9842 ~0.90 -16.9670 -2.14
S.E.E 0.0298 0.0878 0.0436 0.0247
R¥%x2 0.0576 0.2148 0.0623 0.0810
RESET(3) 6.8472 4.6395 §.8626 7.1424




Table A3.3.ii Estimation results by weighted LS, Model C, year 1971.

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Param. T Param. T Param. T Param. T

CONSTANT  -50.8351 -2.16 6.1310 0.54 36.8421 2.24 5.2590 0.22 22.0106 1.30
LAGE 49.1929 3.79 0.4147 0.07 -13.6503 -1.62 13.9603 1.08 -8.0842 -0.89
LAGESQ -6.1267 -3.44 -0.1173 -0.14 1.6783 1.38 -1.5116 -0.85 0.9349 0.77
HHSIZE 0.1788 0.36 0.0301 0.14 0.9068 2.81 -2.9552 -6.07 0.1218 0.43
HHSIZESQ -0.0624 -0.99 0.0212 0.93 -0.0027 -0.08 0.0929 1.74 -0.0351 -1.19
CHILDREN 0.4481 1.64 -0.5951 -4.890 -0.2446 -1.31 2.0146 7.65 0.1007 0.62
FARMER 1.5176 2.87 -1.4776 -5.568 -~0.2069 -0.56 2.7990 65.02 -0.2437 -0.73
SELFEMPL -0.1206 -0.12 -0.6060 -1.29 0.7037 1.02 -0.1224 -0.13 0.9529 1.57
WHCOLLAR -1.0472 -1.80 -0.4499 -1.56 -0.1416 -0.33 0.5539 0.98 0.3682 0.89
RETIRED -0.2603 -0.33 -0.7138 -1.92 -0,1427 -0.20 3.2641 4.12 -0.3908 -0.82
EDUCM -1.2869 ~-2.93 ~0.1770 -0.85 -0.3795 -1.24 -0.4818 -1.11 0.4747 1.65
EDUCH -3.4921 -3.70 -0.7926 -1.86 ~0.3122 -0.45 -0.3412 -0.36 2.5523 3.72
FEMALE -2.8430 -5.00 -2.2028 -8.86 2.1048 65.38 2.1969 3.86 0.5565 1.53
OLDAGE 0.0826 0.21 -0.4676 -2.87 -0.1974 -0.81 0.6183 1.3 0.2236 0.99
SMHOUSE -0.5638 -1.00 0.0654 0.21 0.0699 0.17 0.4308 0.76 0.5848 1.53
SDHOUSE -0.5147 -0.51 -0.7354 -1.31 12,0383 2.53 -1.4626 -1.59 0.65620 0.95
TENURENT 0.8149 1.44 1.1749 4.10 1.7626 4.57 -5.4001 -10.30 ~-0.1193 -0.33
TENURKIN i.4060 1.70 1.1312 2.79 2.3627 3.85 -T7.0862 -9.49 0.0809 O0.1§
CENTHEAT -0.7331 -1.22 -0.4970 -1.74 -0.8372 -2.18 2.8183 5.02 0.5117 1.46
WEHOUSE -0.9609 -1.60 -0.1094 -0.40 -0.3206 =-0.76 2.1622 3.60 0.4120 1.05
BATHROOM -1.0061 ~1.69 0.01%6 0.07 -0.2420 ~-0.60 2.5234 4.30 0.0871 0.23
MIDDLE -0.3718 -0.93 -0.3996 -2.14 0.1303 0.49 0.1046 0.26 =-0.0393 -0.16
NORTH -0.6986 -1.33 -0.2676 =-1.06 0.3076 0.86 -0.4221 -0.83 -0.0959 -0.29
RURAL -1.1871 -2.51 -0.4165 =-1.90 0.0400 0.13 -1.2664 -2.86 0.5628 1.97
SPOUSENW 0.8229 1.90 0.2885 1.38 -0.9068 -3.14 1.3104 3.13 -0.5830 -2.19
CAR -4.4048 -7.69 -0.2176 -0.81 -1.4246 -3.72 -2.3670 -4.26 -0.5445 -1.54
WINTER -1.1686 -2.37 -0.7722 -2.66 -0.8791 -1.99 0.8457 1.17 -0.3287 -0.99
SUMMER 3.2063 6.54 -0.5735 -2.45 -2.2759 -5.01 2.0870 3.36 ~-1,0235 -2.56
AUTUMN 1.8016 3.03 =~0.BO70 -1.64 1.3291 2.82 0.4690 0.77 -0.2043 -0.55
LRELXCH 0.5402 0.70 0.3192 0.98 0.0203 0.04 -0.7488 -0.98 -0.4837 -1.06
LRELXFEM -2.6964 -1.83 1.3589 2.08 2.7690 2.66 =-2.6012 -1.72 -0.9206 -0.95
LRELXSIZ -0.1682 -0.24 -0.2246 -0.74 0.2693 0.568 0.6026 0.89 0.0788 0.19
LRELXSQ 7.8087 4.89 2.4423 3,61 -0.2962 -0.27 -6.9311 -4.32 -1.4042 -1.30
LNRELX -10.0034 -4.70 -1.BB62 -1.66 1.3602 0.97 2.8164 1.32 1.4483 1,07
LRELP 166.7913 5.03 7.0965 0.74 -33.1134 -2.04 -74.6600 -3.51 -5.8512 -0.40
S.E.E 0.0894 0.0419 0.0602 0.0875 0.0549
R¥*2 0.3768 0.0920 0.1138 0.3329 0.0451
RESET(3) 6.1110 29.5309 39.5605 2.0423

11.6424
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Table A3.3.1i Estimation results by weighted LS, Model C, year 1971.

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T

CONSTANT 2.6395 0.26 84.7418 3.49 12.9573 1.06 -8.9923 -1.28
LAGE -0.4176 -0.07 -40.9870 -3.09 -4.3665 -0.66 6.9901 1.81
LAGESQ 0.1124 0.16 65.2962 2.95 0.4592 0.51 -1.0259 -1.95
HHSIZE -0.1841 -0.90 1.1501 2.49 0.8055 3.53 0.2549 1.82
HHSIZESQ 0.0241 1.17 -0.0626 -1.22 -0.0656 -2.73 0.0119 0.84
CHILDREN -0.3242 -~-3.07 -0.9336 -2.73 -0.0341 -0.24 -0.1019 -1.24
FARMER -0.0424 -0.19 0.3423 0.57 -0.9996 -3.65 ~-0.1275 -0.82
SELFEMPL -0.2812 -~0.75 0.2580 0.23 -0.0348 -0.07 0.4307 1.27
WHCOLLAR 0.4637 1.87 -0.7837 -1.18 0.83156 2.41 -0.0119 -0.06
RETIRED 0.9656 2.46 -1.3661 -1.95 -0.1051 -0.28 0.3743 1.57
EDUCM 0.8376 2.91 1.1170 2.34 0.2635 1.11 0.0893 0.64
EDUCH 1.1670 2.80 1.0868 0.98 0.9284 1.62 0.7986 2.19
FEMALE 0.0635 0.23 -0.5911 -1.09 0.0798 0.28 1.3030 6.47
OLDAGE 0.4282 2.44 -0.7230 -1.96 -0.5187 -2.99 =-0.0201 -0.18
SMHOUSE 0.0818 0.34 0.3397 0.55 0.2658 0.83 -0.6115 =-3.09
SDHOUSE ~0.4786 -1.14 0.5581 0.50 0.9104 1.61 =~0.3706 ~-1.08
TENURERT 0.1190 0.49 -0.1034¢ -0.20 0.2524 0.83 0.6285 3.42
TENURKIN 0.2082 0.60 -0.4478 -0.49 0.2036 0.44 1.1688 4.24
CENTHEAT 0.3089 1.30 -0.4085 -0.68 0.3427 1.18 ~0.3848 -2.28
WEHOUSE -0.08456 -0.33 0.2673 0.34 0.3192 0.96 -0.1875 -0.93
BATHROOM 0.2334 0.94 -0.1708 -0.27 0.0984 0.31 -0.0577 =-0.31
MIDDLE 0.1019 0.61 0.2642 0.64 -0.2118 -1.06 =-0.0261 =-0.22
NORTH -0.0460 -0.22 1.0488 1.88 -0.2726 -1.07 ~0.3667 ~2.40
RURAL -0.2090 -1.08 1.6460 3.41 -0.4958 -2.08 ~0.1472 ~1.04
SPOUSENW -0.0799 -0.456 0.3836 0.80 -0.3993 -1.79 0.0252 0.20
.CAR -0.0314 -0.13 11.0098 16.67 -0.3189 -1.07 -~0.9877 -5.82
WINTER -0.0848 -0.21 0.6648 1.18 0.3596 1.50 0.1199 0.7¢
SUMMER -0.4952 -2.29 -0,5318 -0.96 0.0824 0.31 -0.0401 -0.19
AUTUMN -0.2185 -0.86 -1.2888 -1.96 0.8061 3.30 0.1907 0.85
LRELXCH -0.0184 -0.08 0.3923 0.45 0.848f 2.16 -0.0021 -0.00
LRELXFEM 0.8446 1.17 -0.1700 -0.12 -0.0293 -0.04 2.1052 3.93
LRELXSIZ 0.4031 1.42 -1.4349 -1.81 -0.5440 -1.62 0.2456 1.16
LRELXSQ 0.5809 0.77 -1.2103 -0.70 -1.8504 -2.23 -0.2361 -0.43
LNRELX -4.0974 -4.17 6.8034 3.14 0.5086 0.48 1.4025 2.12
LRELP 2.3792 0.20 9.1103 0.39 16.8623 1.21 -1.2782 -~0.17
S.E.E 0.0370 0.0914 0.0450 0.0266
R*%2 0.0553 0.2590 0.0797 0.1314
RESET(3) 1.0560 4.1384 7.3190 6.4979



Table A3.3.iii Estimation results by weighted LS, Model C, year 1976.

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Param. T Param. T Param. T Param. T

CONSTANT -46.6656 -2.19 -8.8633 -0.96 -22.9244 -1.37 131.7778 6.03 51,0193 3.12

LAGE 38.6472 3.27 8.8249 1.72 14,7516 1,61 -55.4340 -4.58 -20.7732 -2.33
LAGESQ -4.7841 -2.95 -1.3224 -1.88 -1.9873 -1.69 7.8932 4.74 2.5838 2.14
HHSIZE 1.068¢ 2.62 0.3711 2.24 1.1454 3.87 -1.1912 -2.82 0.2464 0.98
HHSIZESQ -0.0850 -1.94 -0.0209 -1,27 -0.0624 -1.956 0.0180 0.38 -0.0669 -2.57
CHILDREN -0.8687 -~-3.12 -0.4369 -3.83 -0.0120 -0.06 3.3631 11.956 0.3209 1.84
FARMER -1.0640 -1.66 -0.9934 -3.96 0.5378 1.17 ©5.5604 8.42 -0.4186 -1.06

SELFEMPL -1.6731 -2.04 0.0616 0.16 -0.0381 -0.06 0.9396 1.20 1.0878 2.06
WHCOLLAR 0.2410 0.65 -0.1721 -0.88 0.1636 0.44 ~1.0042 -2.33 0.3050 0.96

RETIRED -1.3282 -2.24 -0.2322 -0.88 -0.6396 -1.,28 4.0248 6.61 -0.2774 -0.72
EDUCM -0.2087 -0.56 -0.4107 -2.57 -0.0823 =-0.32 -0.9684 -2.60 0.5207 1.93
EDUCH 0.6908 1.04 -0.4523 -1.68 -1.2368 -2.28 -3.8816 -5.89 0.9337 1.82
FEMALE -2.2110 -5.58 -0.9692 -6.82 1.9564 6.27 O0.7050 1.73 0.8478 2.33
OLDAGE ~0.9136 -2.38 -0.1783 -1.10 -0.2570 -0.98 3.2631 8,08 0.2961 1.22
SMHOUSE 0.1687 0.38 -0.3344 -1.89 -0.4896 -1.52 1.6397 3.86 0.3684 1.22
SDHOUSE -0.6166 -0.84 -0.4128 -1.16 -0.3328 -0.66 0.8814 1.30 -0.3385 -0.68
TENURENT 0.7027 1.68 1.2082 6.06 0.8038 2.46 -4.3067 -10.15 -0.1023 -0.35
TENURKIN -0.2923 -0.51 0.7113 2.73 1.2062 2.656 -2.B472 -4.69 0.8693 2.11
CENTHEAT -1.0618 -2.27 -0.3845 -1.81 0.2094 0,89 0.3320 0.74 0.0733 0.24
WEHOUSE -0.1034¢ -0.26 0.1668 0.6 -0.3373 -1.06 1.38456 3.23 0.0668 0.23
BATHROOM ~0.2668 ~0.69 -0.7107 -3.46 0.3427 1,03 1.0672 2.40 0.3074 1.0t
MIDDLE -0.1267 -0.37 -0.5932 -4.09 0.4645 1.80 0.9092 2.62 0.6809 2.90
NORTH 0.0003 0.00 -0.3181 -1.60 0.0473 0.13 1.1865- 2.59 0.7428 2.27
RURAL -0.1540 -0.44 -0.2533 -1.67 0.2850 1.09 0.2768 0.79 0.0171 0.07
SPOUSENW 0.0034 0.00 -0.1942 -1.16 -0.1939 =-0.656 3.1523 8.16 -0.3917 ~-1.48
CAR ~2.3192 -4.41 -0.4882 -2.14 -1.7707 -4.43 -6.0262 -11.24 -0.3414 -0.99
WINTER 1.1910 2.24 -0.8921 -3.73 -1.2863 -3.87 3.8887 7.90 -0.0161 -0.05
SUMMER 2.1198 2,63 -0.2101 -0.98 0.2131 0.40 -4.1328 -6.19 -0.7396 -2.45
AUTUMN -0.5780 -0.80 -0.1725+ -0.86 1.2293 3.80 -~5.4941 -7.05 -0.3632 ~-1.28
LRELXCH 1.7667 2.02 0.7286 2.1% 0.1517 0.23 -4.8757 -5.26 -1.0123 -1.84

LRELXFEM 0.7887 0.64 0.5136 0.99 0.3633 0.37 -0.1517 ~0.12 0.2987 0.35
LRELXSIZ -1.3450 -1.78 -0.8092 -2.67 0.2841 0.52 5.6233 7.50 0.3188 0.70

LRELXSQ 6.3873 3.61 -0.0326 -0.06 0.9733 0.91 0.3828 0.26 -0.6904 -0.67
LNRELX ~15.0742 -8.11 1.4800 1.86 0.7238 0.56 7.3712 3.96 -0.1191 =-0.10
LRELP 49.3348 2.96 12.8113 1.49 45.7261 3.43 ~143.5816 -6.91 25.5110 2.94
S.E.E 0.0818 0.0352 0.0820 0.0822 0.0567
Rkk2 0.3444 0.1027 0.0803 0.4078 0.0436

RESET(3) 8.2652 6.9320 1.9926 42.2102 0.4303
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Table A3.3.iii Estimation results by weighted LS, Model C, year 1976.

Health Care, Transport, Education, QOther
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T

CONSTANT -1.8260 -0.30 34.1484 1,52 15.8226 1.03 -6.6867 -0.61
LAGE 1.56627 0.47 -10.6681 ~-0.87 -1.8821 -0.22 4.,9298 0.96
LAGESQ -0.1008 -0.22 1.2694 0.76 -0.0852 -0.06 -0.6660 -0.95
HHSIZE -0.0186 -0.17 -0.3176 =-0.76 0.1282 0.49 -0.0191 -0.12
HHSIZESQ -0.0003 ~0.03 0,0422 0.85 -0.0045 -0.18 0.0198 1.22
CHILDREN -0.1792 -2.58 ~-1,1602 -3.19 0.3609 1.72 -0.4402 -3.67
FARMER -0.1261 =-0.79 -0.9807 ~1.33 ~0.3050 -0.72 -0.6928 -2.91
SELFEMPL 0.0011 0.00 -1.2785 ~1.19 0.0646 0.11 0.6482 1.72
WHCOLLAR 0.1160 1.04 -0.2477 -~-0.48 0.5179 1.48 0.8242 3.94
RETIRED 0.2650 1.46 -0.4012 -~0.71 -~0.3015 -0.78 =-0.0213 -0.08
EDUCM -0.0283 -0.29 0.6063 1.456 0.4193 1.47 0.4367 2.569
EDUCH 0.0062 0.03 1.1507 1.42 1.0217 1.79 1.1179 3.12
FEMALE 0.2114 1.87 0.1611 0.39 ~0.4982 -1,80 0.76563 3.90
OLDAGE 0.56615 4.91 -0.9818 ~2.756 -0.3203 -1.34 -0.4094 -2.73
SMHOUSE -0.2037 -1.87 0.6212 1.29 -~0.6767 -2.16 -0.6011 -3.09
SDHOUSE -0.0276 -0.15 -0.0118 -~0.01 =~0.6153 -1.08 -0.0067 -0.02
TENURENT 0.3429 2.96 ~0,2029 -0.46 0.5959 1.85 0.3588 1.84
TENURKIN 0.0030 0.02 -1.3104 -2.04 0.2716 0.61 0.17656 0.68
CENTHEAT 0.0775 0.68 -0.0579 -~0.11 0.2100 0.67 0,3699 1.96
WEHOUSE 0.1130 1.02 0.1309 0.26 ~0.1027 -0.33 -0.0330 -0.16
BATHROOM 0.2555 2.22 0.4060 0.82 =~0.0966 -0.30 0.2168 1.13
MIDDLE -0.2423 -2.71 -0.6455 -1.80 -~0.0003 -0.00 -0.4363 -2.96
NORTH -0.4106 -3.57 -0.4442 -0.85 -0.5973 -1.87 -0.7139 -3.76
RURAL -0,.1433 -1.61 1.0987 2.94 -0.6166 -2.b2 -0.3132 -2.10
SPQUSENW -0.0907 -0.91 -0.4030 -~0.84 -~0.3664 -1,20 -0.3278 -1.94
CAR -0.1016 -0.69 11.5960 18.60 -0.9859 -2.44 -0.2529 -1.11
WINTER 0.3488 2.44 -0.7624 -1.79 1.0855 3.23 0.0401 0.24
SUMMER 0.0262 0.18 -0.0082 -0.02 0.9183 1,63 0.0389 0.21
AUTUMN 0.0402 0.31 0.5338 1.01 0.0796 0.26 0.0494 0.26
LRELXCH -0.0159 -0.08 0.2256 0.23 0.6883 1.16 0.0216 0.06
LRELXFEM -0.2808 -0.68 0.4063 0.34 -1.5041 -1.83 1.0269 1.73
LRELXSIZ ~0.0166 -0.08 -~1.1770 -1.43 -0.0778 -0.16 -0.4657 -1.52
LRELXSQ -0.1912 -0.44 -1.3770 -0.89 -2.3614 -2.37 -0.5381 =-0.80
LNRELX -1.1289 -2.11 2.,048¢ 1.09 1.1494 0.97 0.2656 0.34
LRELP 0.2226 0.03 84.9990 2.91 32.8101 1.72 -8.5695 -1.456
S.E.E 0.0215 0.0854 0.0581 0.0360
Rk*2 0.0939 0.2925 0.1162 0.0934
RESET(3) 8.3933 42,3289 7.3824 7.2361



Table A3.3.1v Estimation results by weighted LS, Model C, year 1981.

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Paran. T Param. T Param. T Param. T

CONSTANT -40.1238 -2,35 -30.5244 -4.17 -12,9743 -1.30 139,7867 8.71 24.06833 2.19
LAGE 34.7130 3.68 20.2620 5.03 10,0214 1,83 -67.9082 -7.66 -7.6080 -1.27
LAGESQ -4.1626 -3.23 -2.8677 -5.23 -1.3922 -1.88 9.7484¢ 8.03 0.8433 1.04
HHSIZE 0.6692 2.08 0.4165 3.26 0.3729 2.07 -0.5069 -1.62 -0.6708 -3.73
HHSIZESQ -0.0858 -2.34 -0.0294 -2.15 -0.0023 -0.11 -0.0834 -2.29 0.0457 2.33
CHILDREN -0.7528 -4.18 -0.5786 -8.12 -0.0479 -0.47 4.0306 24.28 0.1323 1.32
FARMER -1.7901 -3.90 -1.6139 -9.33 0.2891 1.18 7.1106 16.18 0.0679 0.23
SELFEMPL 0.7668 1.41 -0.3859 -1.76 1.1447 3.62 0.7678 1.0 0.2280 0.72
WHCOLLAR -0.1110 -0.34 -0.3990 -2.84 1.0438 §5.36 -2.1386 -7.27 0.3880 1.96
RETIRED -2.6779 -5.79 -0.3284¢ -1.67 -0.2147 -0.88 3.0906 7.19 0.0122 0.05
EDUCM 0.0769 0.27 -0.1098 -0.91 0.4150 2,62 -2.5135 -9.42 0.0567 0.33
EDUCH 1.2068 2.52 -0.5182 -2.76 0.7514 2.61 -5.5666 -12.89 0.9607 3.15
FEMALE -0.793¢ -2.63 -0.7308 -5.93 0.9202 5.07 1.0183 3.56 0.2366 1.30
OLDAGE -0.4843 -1.70 -0.3106 -2.71 -0.8942 -6.06 4.2341 15.16 0.2180 1.37
SMHOUSE 0.2132 0.69 -0.2893 -2.26 -0.1990 -1.12 1.6460 5.73 0.2937 1.87
SDHOUSE -0.9701 -1.17 0.1562 0.36 0.0241 0.05 -1.1207 -1.64 0.8398 1.71
TENURENT 0.3498 1.06 0.9471 6.12 -0.0664 -0.34 -1.0652 -3.66 -0.31681 -1.62
TENURKIN 0.5409 1.01 0.5677 2.33 0.4069 1.26 -0.6526 -1.41 -0.4990 -1.61
CENTHEAT ~1.3336 -3.47 -0.4794 -3.03 0.1798 0.88 0.99565 2.90 0.1693 0.80
WEHOUSE 0.0659 0.23 -0.0691 -0.60 0.3195 1.96 -0.3381 -1.26 0.4082 2.39
BATHROOM ~0.5078 -1.26 -0.6300 -3.50 0.8600 4.06 -0.0247 -0.07 0.4584 2.09
MIDDLE -0.4276 =-1.62 -0.3661 -3.41 0.2322 1.567 1.6038 6.55 0.4192 2.74
NORTH -0.3020 -0.85 -0.55683 -3.85 0.4063 1.97 0.0664 0.20 0.7703 3.63
RURAL -0.9262 -3.60 -0.3047 -2.86 -0.0826 -0.57 0.6240 2.62 -0.2030 -1.36
SPOUSENW -0.5791 -1.98 -0.1157 -0.95 -0.8664 -5.21 3.6851 13.76 -0.6424 -3.77
CAR -1.7209 -4.68 -0.0524 -0.34 -0.2772 -1.34 -7.0299 -20.65 -0.2612 -1.22
WINTER -1.2674 -3.47 -0.8979 -4.79 -0.7994 -4.35 1.3392 4.50 -0.5945 -2.77
SUMMER 4.0611 11,36 0.3856 2.08 -0.2461 -1.18 =-2.0871 -6.37 -0.4176 -1.97
AUTUMN 2.6094¢ 6.13 0.7432 2.76 0.7344 3.54 -2.176é1 -5.99 -0.2766 -1.25
LRELXCH 0.1229 0.20 0.2133 0.91 0.0887 0.26 -1.9692 -3.37 0.1231 0.37
LRELXFEM 0.3630 0.34 0.7126 1.73 0.0753 0.12 1.6477 1.67 0.0445 0.07
LRELXSIZ -0.5582 -1.07 -0.5868 -2.86 -0.1039 -0.37 3.5606 7.60 -0.2906 -1.08
LRELXSQ 5.1363 4.21 0.65612 1.33 -1.0731 -1.656 -2.1208 -1.85 -0.8222 -0.87
LNRELX -17.1660 -11.36 -0.0834 -0.13 -2.8770 -3.34 16.4918 11.78 -0.0747 -0.09
LRELP -34.0940 -1.96 20.7996 3.39 2,9906 0.52 7.2b41 0.63 15.1192 2.00
S.E.E 0.0939 0.0387 0.0631 0.08656 0.0548
R¥*2 0.2229 0.0792 0.0760 0.3083 0.0202
RESET(3) 4.9202 37.3574 6.9469 41.9258 0.9598
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Table A3.3.iv Estimation results by weighted LS, Model C, year 1981.

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param, T Param. T
CONSTANT 1.7084 0.456 38,3532 2.16 10.5164 1.03 ~-12,9989 -1.658
LAGE -0.6081 -~0.29 -13,2797 -1.36 1.12i1 0.20 9.6132 2.21
LAGESQ 0.22568 0.77 1.3395 1.01 -0.4735 -0.63 -1,2856 -2.17
HHSIZE -0.1146 -~1.69 0.56756 1.68 0.1357 0.78 0.0706 0.50
HHSIZESQ 0.0092 1.28 0.0943 2.30 -0.0354¢ -1.87 0.0162 1.09
CHILDREN -0.1814 -~-5.22 -2.1335 -8.78 0.3668 3.38 -0.4314 -5.19
FARMER -0.1358 ~1.52 -2,0227 -3.49 -0.9093 -~3.69 -0.0812 -0.44
SELFEMPL 0.093T 0.90 =-2,2790 -3.26 0.0873 0.26 0.8609 3.09
WHCOLLAR 0.0686 1.04 0.7747 1.92 0.4536 2.09 0.7732 4.64
RETIRED 0.1723 1.54 0.4369 0.97 -0.4366 ~1.76 0.4100 1.98
EDUCM 0.3127 5.29 0.8509 2.56 0.7403 4.19 0.6411 4.76
EDUCH 0.2969 3.05 1.1684 2,04 1.6791 5.06 1.3161 4.94
FEMALE 0.2190 3.18 -0.8403 -2.51 -0.0363 -0.20 0.4821 3.00
OLDAGE 0.3843 65.64 -1,8969 -6.63 -0.4423 -~3.01 -0.2716 -2.22
SMHOUSE -0.2699 -~4.16 -0.0680 -0.19 -0.45674 -2.36 -0.7149 -4.60
SDHOUSE -0.2446 -1.47 0.1818 0.20 -0.4587 -~0.85 0.1207 0.31
TENURENT -0.1866 -2.68 -0.1413 -0.41 0.4606 2.18 -0.1448 -0.88
TENURKIN -0.0997 -0.88 -0.5157 -0.94 -0.0674 -0.22 -0.4297 -1.72
CENTHEAT 0.0586 0.77 0.1909 0.46 0.1633 0.79 0.30568 1.90
WEHOUSE ~0.0322 -0.54 -0.1203 -0.33 0.1216 0.69 0.0417 0.29
BATHROOM 0.1122 1.36 -~-0.5876 -1.42 0.3661 1.71 0.365¢ 2.16
MIDDLE -0.08290 -1.52 -0.6010 -2.07 -~0.0223 -0.14 ~0.2917 -2.41
NORTH ~0.0829 -1.18 0.5649 1.31 -0.1844 ~0.90 -0.4210 -2.70
RURAL -0.3734 -7.16 1.6822 §65.74 -0.B772 -3.79 -0.7298 -6.14
SPOUSENW -0.0347 -0.59 0,1638 0.44 -0.8379 -4.64 -0.4544 -3.32
CAR 0.1549 1.90 10.6473 27.48 -0.1962 ~-0.83 -0.6689 -3.84
WINTER 0.1858 2.10 0.5314 1.50 0.1662 0.74 0.1102 0.56
SUMMER 0.0328 0.50 -0.7898 -1.93 0.6845 3.40 0.2610 1.42
AUTUMN -0.13656 -1.88 -0.2364 -0.35 0.7724 3.78 0.1597 0.89
LRELXCH -0.0980 -0.83 1.2556 1.62 1.3209 3.76 -0.8000 -3.00
. LRELXFEM -0.1486 -0.60 -2.0474 -2.02 1.3203 2.31 0.2928 0.55
LRELXSIZ 0.1698 1.59 -2.0484 -3.37 -0.6970 -2.19 0.1637 0.72
LRELXSQ 0.2467 0.84 1.7451 1.42 -1.5471 -2.35 -0.8626 -1.48
LNRELX -1.8003 -5.03 4.9954 3.30 -1.6160 -2.03 0.7438 1.09
LRELP -11.3482 -2.35 5.6772 0.28 40.4396 3.80 7.8929 0.87
S.E.E 0.0194 0.1035 0.0587 0.0438
R*%2 0.0914 0.2632 0.0997 0.0889
RESET(3) 3.1799 50.0180 8.4863 6.4345



Table A3.3.v Estimation results by weighted LS, Model C, year 1985,

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Param. T Param. T Param. T Param. T

CONSTANT -48,8404 -2.71 -31.9918 -4.42 1.5527 0.14 101.1861 8,13 38,4678 2.45
LAGE 41,9586 4.28 22.0391 5.59 2.6881 0.44 -50.5433 -5.53 -14.3248 -1.66
LAGESQ -6.4061 -4.04 -3.0968 -5.78 -0.4400 -0.863 7.8028 6.23 1.7326  1.47
HHSIZE -0.5362 -1.77 0.1673 1.47 0.5129 2.89 0.4978 1.69 -0.2939 -1.20
HHSIZESQ 0.0203 0.64 -0.0123 -1.16 -0.0181 -0.88 -0.1067 -3.22 -0.0002 -0.00
CHILDREN -0.6941 -3.95 -0.4127 -6.12 0.0618 0.57 3.1661 20.23 0.3927 2.84
FARMER -1.4989 -3.45 -1.1677 -7.56 0.5761 2.26 4.8321 11.61 0.0429 0.13
SELFEMPL 0.4667 1.03 0.0362 0.20 0.5021 1.70 -1.0202 -2.46 0.4363 1.16
WHCOLLAR 1.0962 3.56 -0.1851 -1.49 0.5062 2.53 -3.53%4 ~-12.81 0.2439 0.83
RETIRED -1.4242 -3.19 -0.2950 -1.66 0.1616 0.66 3.0833 7.12 0.4487 1.24
EDUCM 0.1661 0.62 -0.07%¢ -~0.80 0.4858 3.10 -1.3962 -6.06 0.377% 1.84
EDUCH 0,9238 2.12 -0.3374 -2.086 0.7785 2.71 -5.2620 -13.52 0.6167 1.61
FEMALE -1.6970 -6.00 -0.3409 -3.14 1.2733 6.76 0.6386 2.40 -0.2626 -1.09
OLDAGE -0.2930 -1.06 -0.3609 -3.40 -0.2242 -1.45 2.3226 8.564 0.0829 0.29
SMHQUSE 0.8424¢ 3.06 0.1431 1.03 -0.4959 -2.83 1.0766 4.26 0.1190 0.51
SDHOUSE -1.0779 -1.30 0.0664 0.17 -0.3173 -0.54 0.9408 1.36 0.5338 0.77
TENURENT 0.6227 1.81 1,131 7.84 -0.2661 -1.26 -0.1103 -0.38 -0.2564 -0.96
TENURKIN -1.,1468 -1.83 0.4062 1,62 1.0157 2.38 -1.0352 ~-1.91 -1.0730 -2.07
CENTHEAT -0.9737 -2.16 -0.,2477 -1.39 0.3990 1.65  0.3436 0.86 -0.4720 -1.41
WEHOUSE 0.3249 1.26 -0.0117 =~0.12 -0.0424 -0.26 -0.9784 -4.08 0.0460 0.21
BATHROOM -1.0649 -2.53 -0.6178 -3.32 0.2618 1.09 -0.1787 -0.49 0.9129 2.89
MIDDLE -0.3092 -1.28 -0.4681 -4.93 -0.0624 -0.42 1.7821 8.02 0.0310 0.16
NORTH -0.8880 -3.01 -0.0705 -0.66 0.2315 1.13 2.7900 9,62 -0.2284 -0.83
RURAL -0.3385 -1.42 -0.1767 -1.86 -0.2277 -1.53 0.4704 2.16 -0.0106 -0.056
SPOUSENW ~0.9068 -3.33 -0.2469 -2.32 -1.0466 -6.11 4.1223 16.59 -0.49258 -2.20
CAR -1.7468 -4.63 0.0433 0.28 =~0.5811 -2.44 -6.8706 -19.51 -0.8169 -2.61
WINTER -1.9333 -b5.52 0.9137 4.16 0.0823 0.40 1.7279 6.25 -0.6108 -1.55
SUMMER 2.1269 6,80 -0.0502 -0,39 -0.2162 -1.16 -2.9208 -10,.09 -0.0321 -0.13
AUTUMN -1.2499 -3.41 -0.0012 -0.01 0.3823 1.38 0.0682 0.24 -0.3288 -0.75
LRELXCH 0.5071 0.88 0.4799 2.256 -0.4268 -1.20 -2.4407 -4.66 0.0460 0.11
LRELXFEM 2.82562 2.99 0.4185 1.16 0.4977 0.82 0.1562 0.17 -0.6630 -0.85
LRELXSIZ -1.0200 -1.99 -0.6782 -3.456 0.1488 0.49 3.4428 7.54 -0.0488 -0.13
LRELXSQ 2.8760 2.46 =~0.1331 -0.29 -1.2078 -1.74 0.9081 0.8¢ -0.3290 -0.36
LNRELX -15.8168 -10.27 0.4443 0.72 -0.5624 -0.63 16.2493 11.69 0.4796 0.39
LRELP 28,2302 1.03 -80.5267 -6.90 8.6724 0.83 3.2262 0.23 £56.7814 2.06
S.E.E 0.0917 0.0360 0.0675 0.0845 0.0754
Rk*2 0.1785 0.0719 0.0510 0.27186 0.0188
RESET(3) 11.4012 38,4695 5.6170 30.2906 3.1447
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Table A3.3.v Estimation results by weighted LS, Model C, year 1985.

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T
CONSTANT 8.9160 1.06 77.2689 3.90 37.3925 2.91 -50.5031 -4.16
LAGE -5.0928 -1.11 -33.9075 -3.13 -12.0826 -1.72 28.8609 4.36
LAGESQ 0.9136 1.45 4.0296 2.74 1.2888 1.36 -3.8815 -4.30
HHSIZE -0.1518 -1.14 0.9159 2.64 0.1878 0.90 0.47563 2.34
HHSIZESQ -0.0009 -0.07 0.0174 0.45 -0.0562 -2.64 0.0035 0.18
CHILDREN -0.1106 -1.52 -2.2626 -8.91 0.6630 5.13 -0.6576 -5.33
FARMER -0.0625 -0.35 -2.7148 -4.50 -0.5445 -1.91 0.5164 2.04
SELFEMPL 0.2611 1.42 -2.2785 -3.72 0.8906 2.54 1.2619 3.64
WHCOLLAR 0.3645 2.81 -0.2895 -0.70 0.5919 2.39 0.5466 2.39
RETIRED 0.5804 2.39 -1.5792 -3.22 -0.3777 -1.26 0.3910 1.26
EDUCM 0.1368 1.28 -0.3343 -1.05 0.5314 2.84 0.5011 2.91
EDUCH -0.0744 -0.41 1.3940 2.42 1.9407 5.29 1.0576 3.03
FEMALE 0.0861 0.65 -0.0217 -0.06 0.0342 0.16 0.7173 3.16
OLDAGE 0.6304 4.37 -1.0066 -3.39 -0.5440 -3.21 -0.1963 -1.14
SMHOUSE -0.4104 -3.37 0.4441 1.27 -0.6444 -3.02 -0.6445 -3.11
SDROUSE -0.5330 -1.55 -0.,0158 -0.02 -0.3158 -0.48 -0.0726 -0.13
TENURENT -0.5933 -4.07 -0.2710 -0.76 0.0772 0.30 0.0421 0.17
TENURKIN 0.1651 0.58 -0.3908 -0.56 0.6330 1.41 0.9211 2.08
CENTHEAT 0.4135 2.16 -0.2543 -0.51 0.1645 0.58 0.5850 2.19
WEHOUSE 0.0983 0.87 0.4569 1.35 0.0266 0.14 -0.1288 -0.68
BATHROOM 0.0693 0.38 0.51368 1.i2 =-0.0711 -0.26 0.1887 0.73
MIDDLE -0.1608 -1.54 -0.3614 -1.256 -0.2263 -1.27 -0.5197 -3.08
NORTH -0.1396 -1.05 0.3450 0.83 -0.6249 -2.68 -0.9816 -4.55
RURAL -0.3811 -3.78 1.4214¢ 4.77 -0.5909 -3.33 -0.8050 -4.85
SPOUSENW -0.1759 -1.54 0.6618 1.756 -1.6976 -8.15 0.0426 0.22
CAR -0.0528 -0.29 11.0665 28.15 -0.7696 -2.89 -0.7850 -2.84
WINTER -0.2340 -1.11 -0.0180 -0.05 0.8779 1.91 -1.1278 -4.02
SUMMER -0.5218 -3.94 0.5110 1.21 0.0359 0.186 0.2850 1.20
- AUTUMN -0.3186 -1.61 -0.3173 -0.73 0.2116 0.60 -0.2982 -1.11
LRELXCH -0.3896 -1.64 -0.5563 -0.77 2.1788 5.52 -0.4431 -1.19
LRELXFEM 0.4332 0.92 -0.8836 -0.90 -0.8933 -1.41 -0.8103 -1.14
" LRELXSIZ 0.2283 0.99 -0.6308 -1.03 -1.3618 -4.18 0.1145 0.34
LRELXSQ 0.6137 1.03 -0.5368 -0.44 -2.5160 -3.26 2.0077 2.45
LNRELX -2.6669 -3.50 -0.10687 -0.07 0.2926 0.29 1.8775 1.82
LRELP 6.8379 0.89 8.7524 0.65 43.0882 2.21 39.6559 2.73
S.E.E 0.0397 0.1113 0.0673 0.0639
R¥*2 0.0484 0.2312 0.0964 0.0521
RESET(3) 6.6131 19.6757 9.3482 19.8863



Table A3.3.vi Estimation results by weighted LS, Model C, year 1990.

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Param. T Param. T Paran. T Param. T

CONSTANT -44.5274 -3.57 -88.1196 -10.74 13.7398 1.72 ©6.1487 6.42 45.3423 b5.14
LAGE 41.9936 6.08 42.1478 11.93 -3.20856 -0.73 -40.7596 -4.93 -22.0492 -4.52
LAGESQ -5.3627 -5.63 -5.7886 -11.90 0.260¢ 0.43 6.2308 5.46 2.8831 4.32
HHSIZE -0.4269 -1.48 -0.1986 -1.40 0.7480 4.13 0.7942 2.28 0.3339 1.78
HHSIZESQ 0.0300 ©0.82 0.01863 0,99 -0.0716 -3.00 -0.1331 -2.90 -0.0831 -2.89
CHILDREN -0.56310 -3.19 -0.6986 -7.33 0.1682 1,60 2.63564 14.00 0.2099 2.84
FARMER ' -0.8398 -2.10 -1.4999 -8.23 0.2098 1.28 4.8138 9.66 -0.3409 -1.39
SELFEMPL 0.7190 1.76 0.0921 0.43 0.8970 3.35 -3.7271 -8.10 0.0563 0.21
WHCOLLAR 0.4612 1.70 -0.3446 -2.42 0.8446 4.91 -3.6201 -12.10 -0.1326 -0.70
RETIRED -1.7697 -4.93 -0.4253 -2.17 0.4804 2.24 1.3200 3.07 -0.0187 -0.08
EDUCH 0.1426 0.64 -~0.0943 -0.81 0.3018 2.21 -2.4910 -9.69 0.2668 1.73
EDUCH 1.0850 3.08 -0.1381 -0.82 0.4346 1.94 -6.0728 -15.49 0.6799 2.87
FEMALE -0.9460 -4.50 -0.8191 -6.01 0.6681 4.78 1.8083 7.30 0.0446 0.31
OLDAGE 0.1668 0.71 -0.3660 =-3.17 -0.3117 -2.40 3.1248 10.50 =-0.0093 -0.05
SMHOUSE -0.3490 ~-1.47 -0.2080 -1.71 -0.6562 -4.43 3.3483 12.46 0.1916 1.20
SDHOUSE ~1.9144 -2.27 1.4363 2.86 -0.1417 -0.24 0.8233 0.96 0.0973 0.17
TENURENT 0.0662 0.21 1.1877 6.49 -0.1367 -0.68 -0.5306 -1.60 -0.3006 -1.51
TENURKIN 0.1116 0.30 0.4281 2.06 0.6764 2.67 -1,7907 -4.62 -0.4112 -1.72
CENTHEAT 0.4030 1.13 -0.0360 -0.20 -0.4221 -2.06 -1.2066 -2.59 0.5563 2.28
WEHOUSE -0.0905 -0.43 0.0866 0.81 -~0.2447 -1.86 -1.6024 -6.54 0.1461 1.04
BATHROOM ~0.0976 ~0.23 -1.1283 -4.63 0.0783 0.34 -0.5718 -1.17 0.7659 2,94
MIDDLE ~0.9771 ~-4.66 -0.6066 -5.72 0.2324 1.79 3.1670 13.02 0.1174 0.85
NORTH -0.7468 -2.74 -0.1836 -1.33 0.9140 6.26 0.4310 1.37 0.3968 2.11
RURAL ~0.9462 -4.76 -0.1198 -1,18 -0.4156 -3.38 0.6224 2.72 -0.0541 -0.41
SPOUSENW -0.5327 -2,21 -0.5793 -4.81 -0.9240 -6.16 4.1749 15,26 -0.3823 -2.22
CAR -1.6665 ~4.86 0.1136 0.85 -0.7632 -3.71 -7.2763 -18.33 -0.2132 -0.83
WINTER 0.2138 0,77 =-0.3630 =-2.53 0.5070 2.80 1.4566 5.2¢4 -0.8018 -4.86
SUMMER 2.2106 6.20 0.0783 0.50 0.2378 1.24 -0,5609 =-1.60 -1.0174 -5.30
AUTUMN 1.6044 4.57 -0.3886 -2,93 0.4672 2.76 0.3627 1,22 -1.2733 -6.43
LRELXCH -0.4298 -0.73 0.8742 3.09 -0.0229 -0,06 -2.3819 -3.46 ~0.6884 =-1.86
LRELXFEM 1.0916 1.49 0.9808 2.74¢ -0.5869 ~1.24 -0.0106 -0.01 -0.1850 -0.37
LRELXSIZ ~-0.0461 -0.10 -0.6870 -2.91 ~0.2677 -0.96 1.8489 3,38 -0.0267 -0.09
LRELXSQ 2.0947 2.26 0.1367 0.29 ~0.9034 -1.64 1.5683 1.40 0.3845 0.61
LNRELX ~12.9909 -10.41 -1.7924 -2.83 0.9313 1.29 17.8240 12.07 0.9262 1.06
LRELP 139.6438 7.16 -11.4273 -3.41 1,8836 0.39 -110.7522 -4.56 -44.6306 -1.72
S.E.E 0.0787 0.0403 0.0489 0.0898 0.0b618
R*%2 0.1618 0.0828 0.0789 0.3346 0.0197
RESET(3) 4.3018 73.1872 23.1506 66.5209 2,3316



183

Table A3.3.vi Estimation results by weighted LS, Model C, year 1990.

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param, T Param. T Param. T

CONSTANT 6.45643 1.10 90.7217 §5.66 -17.8777 -1.92 3.9151 0.32
LAGE -3.4381 -1.04 -41.1706 -4.68 17.1958 3.37 1.3519 0.20
LAGESQ 0.7234 1.7 5.1033 4.27 -~2.6006 -3.75 -0.3173 -0.34
HHSIZE -0.2361 -1.85 0.0427 0.11 -~0.2201 -1.05 0.5173 1.86
HHSIZESQ 0.0078 0.54 0.0949 1.88 =~0.0503 -1.89 -0.0182 -0.56
CHILDREN -0.1820 -2.28 -2.0643 -~7.32 1.1766 8.95 -0.2234 -1.37
FARMER -0.2393 -1.42 -0.5178 -0.76 -0.5453 -2,01 -0.3518 -1.05
SELFEMPL 0.2409 1.46 0.3388 0.51 0.2693 0.79 1.8923 4.28
WHCOLLAR -0.0691 -0.62 0.9332 2,21 0.6612 2,88 1.3394 4.82
RETIRED 0.2679 1.43 -0.3324 -0.71 0.6296 2.38 0.8313 2.31
EDUCM 0.0566 0.58 0.7123 2.30 0.4439 2.61 0.3148 1.44
EDUCH 0.2047 1.36 0.2800 0.54 1.6947 5.62 1.3774 3.49
FEMALE 0.0383 0.39° -0.6964 =-2.27 0.0079 0.05 0.75568 3.24
OLDAGE 0.6902 5.49 -1.7917 -~5.76 0.1463 0.84 -0.0242 -0.11
SMEQUSE -0.1390 -1.31 0.1792 0.53 -0.7022 -3.85 -1.2379 -4.97
SDHOUSE -0.4832 -1.31 1.95619 1.76 -1.0135 -1.56 -0.8863 -1.06
TENURENT -0.5373 -3.87 0.1254¢ 0.34 -0.0343 -0.14 -0.1445 -0.45
TENURKIN -0.1281 -0.78 0.2449 0.52 -0.2149 -0.76 -0.2601 -0.67
CENTHEAT -0.2285 -1.38 0.6905 1.39 -0.39556 -1.65 -0.2113 -0.64
WEHOUSE 0.191¢ 2.01 0.9621 3.06 0.2168 1.37 0.3039 1.38
BATHROOM 0.4473 2.256 0.1496 0.30 -0.3633 -1.35 0.6494 1.76
MIDDLE -0.1709 -1.82 -0.0535 -0.19 0.0682 0.44 -1.2394 -5.86
NORTH -0.0472 -0.41 0.6192 1.56 -0.3842 -1.90 -1.2574 -4.82
RURAL ~-0.2812 -3.27 1.1623 4.08 -0.1223 -0.83 -0.73564 -3.73
SPOUSENW 0.2231 2.26 0.0329 0.08 -0.9764 -4.71 -0.4636 -1.94
CAR 0.0096 0.06 10.4286 26.36 -0.0766 -0.28 -0.6319 -1.82
WINTER -0.0947 -0.85 -0.2966 -0.89 0.5997 3.31 -0.1386 -0.55
SUMMER -0.1737 -1.27 -0.2396 -0.57 -0.0112 -0.05 0.8866 2.93
AUTUMN -0.2566 -1.93 -0.2601 -0.72 0.0636 0.29 0.6260 2.38
LRELXCH -0.3172 =-1.31 0.0480 0.06 1.8061 4.16 -1.0187 =-1.82
LRELXFEM 0.5088 1.37 -1.9202 -2.11 -0.4464 -0.86 0.1888 0.24
LRELXSIZ 0.2778 1.27 -0.7964 -1.20 -0.3946 -1.19 0,6674 1.23
LRELXSQ 0.3662 0.73 -0.8644 -0.75 -1.0066 -1,57 -1,2015 ~1.28
LNRELX -2.5234 -3.90 1.0376 0.66 -0.4013 -0.43 0.7485 0.61
LRELP 1.0612 0.38 63.1147 3,19 75.3203 2,69 21.2366 2.47
S.E.E 0.0349 0.1087 0.0582 0.0798
R¥*2 0.0825 0.2545 0.1014 0.0649
RESET(3) 18.6960 34.6314 10.8938 1.11566



Table A3.4. Summary diagnostics by preliminary OLS.

Model Wy Ws Ws | W Ws We | Wr | We | W
Model P

S.E.E 0.0901 | 0.0412 | 0.0571 | 0.0907 | 0.0639 | 0.0390 | 0.1207 | 0.0580 | 0.0597
R? 0.3660 | 0.0831 | 0.0770 | 0.3105 | 0.0182 | 0.0827 | 0.2211 | 0.1094 | 0.1010
DW 1.8719 | 1.9698 | 1.9947 | 1.6998 | 1.9772 | 1.9776 | 1.7314 | 1.9809 | 1.9544
Model A

S.EE 0.0904 | 0.0412 | 0.0570 | 0.0906 | 0.0642 | 0.0388 | 0.1209 | 0.0584 | 0.0599
R? 0.3670 | 0.0844 | 0.0768 | 0.3142 | 0.0175 | 0.0822 | 0.2202 | 0.1109 | 0.1013
DW 1.8725 | 1.9727 | 1.9957 | 1.6979 | 1.9781 | 1.9771 | 1.7314 | 1.9826 | 1.9548
Model B

S.E.E 0.0903 | 0.0413 | 0.0571 | 0.0906 | 0.0641 | 0.0383 | 0.1208 | 0.0580 | 0.0593
R? 0.3679 | 0.0855 | 0.0772 | 0.3150 | 0.0185 | 0.0823 | 0.2209 | 0.1118 |} 0.1043
DW 1.8701 | 1.9733 | 1.9959 | 1.6958 | 1.9793 | 1.9764 | 1.7325 | 1.9835 | 1.9574
Year 1966

S.E.E 0.0937 | 0.0384 | 0.0670 | 0.0891 | 0.0495 | 0.0329 | 0.0960 | 0.0439 | 0.0257
R? 0.3915 | 0.1009 | 0.0802 | 0.3448 | 0.0671 | 0.0599 { 0.2499 | 0.0611 | 0.0924
DW 1.8400 { 2.0297 | 1.9890 | 1.9401 | 2.0160 | 2.0093 | 1.7597 | 1.9134 ( 1.9897
Year 1971

S.E.E 0.0923 | 0.0436 | 0.0621 | 0.0885 | 0.0559 | 0.0420 | 0.1071 | 0.0452 | 0.0288
R? 0.3774 | 0.1043 | 0.1222 | 0.3326 | 0.0368 | 0.0680 | 0.2729 | 0.0789 | 0.1364
DW 1.8632 | 1.9653 | 2.0215 | 1.9385 | 1.9936 | 1.9896 | 1.8300 | 2.0050 | 1.8808
Year 1976

S.E.E 0.0841 | 0.0379 | 0.0627 | 0.0844 | 0.0583 | 0.0252 | 0.1177 | 0.0576 | 0.0386
R? 0.3599 | 0.1070 | 0.0812 | 0.4186 | 0.0437 | 0.1061 | 0.2493 | 0.1168 | 0.0967
DW 1.8264 | 1.9862 | 2.0137 | 1.9402 | 1.9956 | 1.9899 | 1.7907 | 1.9662 | 2.0112
Year 1981

S.E.E 0.0965 | 0.0415 | 0.0541 | 0.0897 | 0.0565 | 0.0227 | 0.1237 | 0.0565 | 0.0456
R? 0.2425 | 0.0885 | 0.0797 | 0.3250 | 0.0185 | 0.1111 | 0.2220 | 0.1001 | 0.0923
DW 1.9384 | 1.9613 | 1.9911 | 1.6713 | 1.9856 | 1.9513 | 1.7228 | 1.9790 | 1.9847
Year 1985

SEE 0.0943 | 0.0392 | 0.0582 | 0.0869 | 0.0766 | 0.0454 | 0.1272 | 0.0662 | 0.0661
R? 0.2039 | 0.0800 | 0.0567 | 0.2854 | 0.0153 [ 0.0693 | 0.1870 | 0.0943 | 0.0542
DW 1.8358 | 1.9896, | 1.9807 | 1.5673 | 1.9693 | 1.9924 | 1.7300 | 2.0030 | 1.9958
Year 1990

S.E.E 0.0800 | 0.0443 | 0.0505 | 0.0914 | 0.0538 | 0.0401 | 0.1298 | 0.0592 | 0.0780
R? 0.1718 | 0.0963 | 0.0768 | 0.3431 | 0.0197 | 0.1065 | 0.1779 | 0.0957 | 0.0667
DW 1.8565 | 1.9523 | 2.0051 | 1.5821 | 1.9609 } 1.9376 | 1.6876 | 1.9718 | 1.9247
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Table A 3.5. Summary diagnostics by weighted LS.

Model | Wi L W L Ws | Wy I Ws [ We Wy Ws Wy
Model P |

SEE 0.0880 | 0.0380 | 0.0555 | 0.0885 | 0.0567 | 0.0275 | 0.1006 | 0.0558 | 0.0420
R? 0.3514 { 0.0762 | 0.0789 | 0.2999 | 0.0233 | 0.0695 | 0.2542 | 0.1153 | 0.1336
RESET(3) | 43.831 | 165.332 | 27.026 | 263.208 | 6.480 | 74.022 | 114.876 | 95.860 | 110.135
Model A

S.E.E 0.0876 | 0.0380 | 0.0555 | 0.0882 | 0.0568 | 0.0275 | . 0.1007 | 0.0558 | 0.0420
R? 0.3530 | 0.0772 1 0.0791 | 0.3023 | 0.0232 | 0.0708 | 0.2537 | 0.1160 { 0.1338
RESET(3) | 47.872 | 154.938 | 24.894 | 271.520 | 3.822 | 65.300 | 123.128 | 100.084 | 105.752
Model B .

S.EE 0.0876 | 0.0380 [ 0.0554 § 0.0882 | 0.0567 | 0.0275 | 0.1005 ; 0.0557 { 0.0418
R? 0.3535 | 0.0785 | 0.0800 | 0.3033 | 0.0245 | 0.0722 | 0.2550° | 0.1167 | 0.1360
RESET(3) | 52.466 | 164.140 | 22.676 | 256.395 | 2.536 | 49.301 | 118.993 | 60.102 | 78.204
Year 1966 ! ! ,
SE.E 1 0.0924 | 0.0358 | 0.0658 | 0.0878 | 0.0484 | 0.0298 | 0.0878'| 0.0436 | 0.0247
R? 0.4038 | 0.0887 | 0.0790 | 0.3417 | 0.0671 | 0.0576 | 0.2148 | 0.0623 | 0.0810
RESET(3) | 10.308 | 33.291 |- 2.146 | 42.554 | 1.638 | 6.847 4.639 5.863 7.142
Year 1971 )

S.E.E 0.0894 | 0.0419 { 0.0602 | 0.0875 | 0.0549 | 0.0370 { 0.0914 [ 0.0450 | 0.0266
R? 0.3768 | 0.0920 | 0.1138 | 0.3329 | 0.0451 | 0.0553 | 0.2590 | 0.0797 | 0.1314
RESET(3) | 6.111 | 29.531 | 11.642 | 39.550 | 2.042 | 1.056 4.138 7.319 6.498
Year 1976

SEE 0.0818 | 0.0352-} 0.0620 | 0.0822 | 0.0567 | 0.0215 | 0.0854 | 0.0581 | 0.0360
R? 0.3444 | 0.1027 | 0.0803 | 0.4078 | 0.0436 | 0.0939 | 0.2925 | 0.1162 | 0.0934
RESET(3) | 8.265 6.932 | 1.993 | 42.210 | 0.430 | 8.393 | 42.329 7.352 7.236
Year 1981

SEE 0.0939 | 0.0387 | 0.0531 | 0.0865 |-0.0548 | 0.0194 | 0.1035 { 0.0557 | 0.0438
R? 0.2229 { 0.0792 | 0.0760 | 0.3083 | 0.0202 | 0.0914 | 0.2632 | 0.0997 | 0.0889
RESET(3) | 4.920 | 37.357 | 6.947 | 41.926 | 0.960 | 3.180 { 50.018 8.486 6.434
Year 1985

S.E.E 0.0917 | 0.0360 | 0.0575 | 0.0845 | 0.0754 { 0.0397 | 0.1113 ] :0.0673 | 0.0639
R? 0.1785 | 0.0719 | 0.0510 | 0.2716 | 0.0168 | 0.0484 | 0.2312 | 0.0964 | 0.0521
RESET(3) | 11.401 | 38.469- 5.617 [ 30.290 | 3.145 | 6.613 | 19.676 9.348 | 19.886
Year 1990 ' .

S.E.E 0.0787 | 0.0403 | 0.0489 | 0.0898 | 0.0518 | 0.0349 | 0.1067 | 0.0582 | 0.0795
R? 0.1618 { 0.0828 { 0.0789 | 0.3345 | 0.0197 | 0.0825 | 0.2545 | 0.1014 | 0.0649
RESET(3) | 4.302 | 73.187 | 23.151 | 56.521 | 2.332 | 18.695 | 34.631 | 10.894 1.116




Table A3.6. Estimation

results by quasi maximum likelihood, Model P.

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Param. T Param. T Param. T Param. T

CONSTANT -17.2483 -2.61 -39.4615 -20.07 23.12908 6.48 85.1196 11.38 40.0848 13,02
LKOH -2.6876 -4.03 0.5676 2.86 -0.6924 -1.97 1.4408 - 1.89 1.7740 6.41
LAGE 26.2995 6.95 24.8426 21.63 -7.4930 -3.72 -39.5713 -9.26 -18.3405 -10.562
LAGESQ -2.8684 -5.84 -3.4996 -23.156 1.0377 3.89 5.8617 10.39 2.1120 9.68
HHSIZE 0.0662 0.49 -0.1437 -4.93 0.1794 2.97 -1.4608 -10.19 -0.4969 -11.29
HHSIZESQ -0.0086 -0.68 0.0180 b65.68 -0.0165 -2.47 -0.0016 -0.10 0.0120 2.76
CHILDREN -0.3337 -4.34 -0.4045 -18.18 0.1169 3,00 2.7402 30.43 0.2791 9.41
FARMER 0.0164 0.10 -0.7477 -15.02 0.2622 3.21 4.8312 24.86 0.0102 0.17
SELFEMPL 0.0161 0.08 -0.1376 -2.34 0.7619 6.94 ~0.0460 -0.20 0.2090 2.78
WHCOLLAR -0.3196 -2.64 -0.2627 -7.16 0.5004 7.26 -2.0267 -14.07 0.1529 3.27
RETIRED -1.2616 -7.24 0.0661 1.14 -~0.0001 -0.00 2.6335 12.70 -0.0067 -0.11
EDUCM -0.3145 -2.89 -0.1846 -5.80 0.1895 3.28 -1.3422 -10.83 0.2206 5.30
EDUCH -0.16256 -0.93 -0.6557 -13.17 0.2483 2.63 -3.9167 -18.66 0.4672 6.86
FEMALE ~1.0641 -8.81 -0.7499 -20.99 1.1765 15.48 1.1720 8.40 -0.0263 -0.58
QLDAGE -0.1468 -1.46 -0.0200 -0.66 -0.3106 -5.97 2.3626 18.39 0.1315 3.57
SMHOUSE -0.0974 -0.84 -0.1863 -5.66 -0.2762 -4.48 2.6722 19.77 0.2691 E.65
SDHOUSE 0.0992 0.32 0.1362 1.50 0.7400 4.28 0.0376 0.12 0.3498 3.17
TENURENT 1.1388 8.82 1.0048 22.13 0.5334 7.39 -2.0802 -14.66 -0.1653 -3.44
TENURKIN 0.9666 4.78 0.5707 9.30 1.1706 10.14 -2.2613 -10.59 -0.1208 -1.61
CENTHEAT -1.41256 -10.26 -0.3277 -8.70 -0.4760 -6.87 2.2211 13.79 0.0603 1.30
WEHOUSE -0.6290 -4.82 -0.1910 -6.00 -0.1781 -3.07 0.1723 1.34 0.0289 0.69
BATHROOM -1.8664 ~12.36 -1.0827 -22.46 0.1971 2,66 2.0736 12.00 0.2703 §5.13
MIDDLE -0.0089 -0.09 -0.2266 ~7,71 0.1193 2,28 1.2067 10.51 0.0217 0.60
NORTH -0.1427 -1.08 -0.1495 -3.89 0.4064 b65.64 0.4949 3.32 0.2143 4.25
RURAL -0.0683 -0.57 -0.0767 -2.B7 -0.0726 -1.37 0.2691 2.40 -0.0279 -0.75
SPOUSENW 0.1621 1.46 0.1208 3.99 -0.6439 -10.72 3.1645 26.14 -0.1027 -2.60
CAR -2.3842 -17.14 -0.8431 -17.44 -1.1024 -15.43 -5.3120 -30.97 -0.2861 -6.17
WINTER -0.4484 -3.64 -0.4037 -10.67 -0.1986 -2.92 1.9148 13.46 -0.2660 -5.31
SUMMER 2.2231 15.69 -0.0392 -1.02 -0.6699 -9.50 ~1.2626 -8.71 -0.4938 -8.75
AUTUMN 0.7010 6.24 -0.1833 -4.48 0.4606 6.04 -0.6120 -3.99 -0.5751 -9.E8
LP1 22,5150 12.39 -1.0494 -1.86 2.0876 2.19 5.3266 2,64 -4.3138 -5.49
LP2 17.3431 3.72 4.3876 3.05 -13.2010 -5.07 16.2499 3.08 -9.0824 -4.79
LP3 7.70909 2.78 -3.6047 ~3.90 -9.4759 -5.88 17.5728 5.52 -3.0703 -2.58
LP4 -2,8818 -1.21 4.4406 6.00 -2.1978 -1.69 11.8027 4.47 -2.4136 -2.42
LPS -14.6673 -4.26 3.5838 3.34 -9.0788 -4.82 6.2311 1.59 10.6614 7.13
LP6 -13.4867 -5.23 -2.2864 -2.66 -4.5888 -3.28 0.1440 0.05 4.4083 3.64
LP7 4.6893 1.06 -7.5623 -5.96 -0.0111 -0.00 =-3.5807 -0.74 -11.4420 -6.57
LpP8 -22.3403 -3.38 1.9826 0.97 27.7637 7.47 -24.9378 -3.30 21.0344 7.51
ILNXR -10.3348 -19.72 0.4602 2.07 2.9385 9.73 11.0899 17.37 1.6755 5.81
ILNXCH -0.2766 -1.46 0.1066 1.66 0.2134 1.86 -1.1810 -5.84 -0.0202 -0.22
ILNXFEM 1.9673 B.56 1.1812 8.31 -0.2751 ~-1.,20 -0.1522 -0.41 -0.5650 -2.78
ILNXSIZE ~0.0891 -0.56 -0.3063 -5.33 -0.7800 -8.34 1.6203 9.04 -0.2782 -3.57
ILNXSQ 3.6162 8.85 -0.5206 -3.40 -2.0414 -8.41 -0.2303 -0.56 -1.3868 -5.89
LNRELX ~0.7668 -1.70 0.2366 1.17 -0.5785 ~-2.12 0.8813 1,77 -0.3058 -1.03
LP9 1.2178 0.20 0.1083 0.06 8.7021 2.57 -28.8086 -4.,02 -5.7821 -2.26
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Table A3.6. Estimation results by quasi maximum likelihood, Model P.

65,6383 4.22

3.1b673

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T
CONSTANT -6.7486 -4.90 50.6671 8.30 1.0163 0.27 -14,2389 -6.53
LCOHAGE 1.2882 9.32 -0.9700 -1.47 -2.2474 -5.34 -0.3487 -1.56
LAGE 2.8080 4.17 -17.7468 -5.12 9.3324 4.39 10.9864 8.91
LAGESQ -0.450¢ -65.11 2.0771 4.59 -1.2961 -4.68 -1.4110 -8.59
HHSIZE -0.2277 -10.77 -0.2771 -2.70 -0.0921 -1.66 -0.2162 -5.96
HHSIZESQ 0.0085 3.88 0.0896 5.98 -0.0341 -5.82 0.0163 4.07
CHILDREN -0.0314 -2.36 -1.2728 -15.70 0.4118 9.01 -0.2404 -8.78
FARMER 0.2674 8.17 0.1461 0.89 -0.5822 -6.64 -0.1117 -2.18
SELFEMPL 0.06565 1.43 0.1633 0.74 0.4165 3.43 1.0449 12.81
WHCOLLAR -0,0374 -1.66 0.1713 1.34 0.8332 8.15 0.5142 10.7%
RETIRED 0.5268 14.02 -0.8711 -5.56 -0.1300 ~-1.37 0.3272 b5.38
EDUCM 0.02486 1.20 0.0983 0.91 0.4421 6.79 0.2328 5.82
EDUCH -0.1620 -5.00 0.2846 1.64 1.3811 11.98 0.6910 9.69
FEMALE 0.0388 1.69 -1.3728 -11.63 -0.5106 -7.23 0.5886 10.72
OLDAGE 0.2770 13.09 -1,3281 -13.96 -0.2646 -4.70 -0.1819 -5.23
SMHOUSE -0.2074 -8.90 0.3194 2.72 -0.5330 -7.66 -0.3288 -7.13
SDHOUSE -0.1268 -2.28 0.7189 2.49 0.4006 2.22 -0.0456 -0.46
TENURENT 0.0846 3.41 -0.0620 -0.63 0.5233 6.83 0.0082 0.18
TENURKIN 0.1761 4.56 0,0444 0.23 0.1930 1.62 0.1474 2,03
CENTHEAT -0.0201 -1.13 0.0983 0.78 0.0000 0.00 0.02i3 0.45
WEHOUSE -0.0362 -1.64 0.5183 4.5f 0.0039 0.06 0.1464 3,562
BATHROOM -0.0415 -1.562 -0.4243 -3.12 -0.2084¢ -2.85 0.2716 5.22
MIDDLE ~-0.0218 -1.14 -0.0632 -0.66 0.0369 0.66 -0.4015 -11.19
NORTH -0.0916 -3.61 0.7914 5.89 -0.3848 -5.19 -0.4852 -10.30
RURAL -0.1717 -8.563 1.3558 13.40 -0.2606 -4.26 -0.4754 -11.94
SPOUSENW 0.2072 10.07 0.3196 2.91 -0.6459 -9.99 0.0381 1.00
CAR -0.2852 -11.26 10.4214 67.64 -0.6038 -8.78 -0.4249 -10.27
WINTER 0.0268 1.03 0.0889 0.72 0.8349 ' 11.72 -0.1923 -4.41%
SUMMER -0.3313 ~-12,61 -0.4934 -3.94 0.3340 4.57 0.3375 7.36
AUTUMN -0.1630 -5.73 -0.5973 -4.53 0.2742 3.54 0.1927 4.05
LP1 -0.4638 -1.13 0.4760 0.27 -4.1860 -4.01 ~-4.3246 -5.97
LP2 -0.4778 -0.51 12.5634 2.79 -14.36882 -5.37 3.6025 2.22
LP3 -1.098¢ -1.74 8.3206 2.98 -4.36520 -2.78 6.7597 6.51
LP4 1.4630 2.81 -3.7118 -1.B9 -6.1643 -4.64 1.4954 1.64
LPE -1.1958 -1.65 12.4959 3,76 1.6621 0.88 -1.3799 ~1.14
LP6 3,6110 6.06 b5.0583 1.92 6.0526 3.99 11,0883 1.02
LPT7 1.0270 1.16 -9.3178 -2.19 9.0864 3,67 0.7344 0.48
LP8 -8.4037 -5.91 -9.0767 -1.43 9.1433 2.48 -17.4803 -7.34
ILNXR -0.3232 -1.71 2.3120 3,98 1.3161 4.24 3.7032 11.05
ILNXCH 0.1866 3.93 0.7206 4.03 0.9989 10.22 -0.0308 -0.57
ILNXFEM 0.0183 0.15 -1.5999 ~5.03 -0.8226 -4.35 0.3472 2.30
ILNXSIZE -0.1626 -3.76 -1.3394 -8.89 -0.9568 -12.24 -0.3859 -7.87
ILNXSQ 0.1299 1.01 -~1.2333 -2.97 -1.7746 -7.97 ~0.2267 ~1.33
LNRELX 0.3064 1.75 0.9262 1.79 -0.3831 -1.21 ~-1.5961 -4.61
LP9 -16.8089 -2.85 . 0.94 9.5146 4.20
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Table A3.6. Estimation

results by weighted LS, Model P.

Food Beverages, Clothing, Housing, Household
Variable Tobacco Footwear Energy Appliances
Param. T Param, T Param. T Param. T Param. T

CONSTANT -55.3268 -7.68 -36.1264 -10.99 6.1794 1.29 88.8334 11.61 45.7685 8.76
LKOH -4.1338 -5.76 0.8226 2.38 -0.4796 -0.93 1.5881 2.04 3.1677 6.06
LAGE 47.2832 11.36 22.3761 11.85 0.8036 0.29 -41.5350 -9.49 -22.956567 -7.69
LAGESQ -5.4386 -9.91 -3.2337 -13.20 -0.1366 -0.38 6.0806 10.54 2.4797 6.46
HHSIZE 0.2406 1.79 0.0481 0.84 0.6032 6.99 -0.6121 -4.31 =-0.0197 -0.24
HHSIZESQ -0.0414 -2.83 0.0010 0.18 -0.0256 -2.62 -0.0114 -0.70 -0.0211 -2.40
CHILDREN -0.6322 -6.72 -0.5126 -13.01 0.0321 0.54 2.8749 30.93 0.2978 5.03
FARMER -1.0098 -5.73 -1.3916 -18.09 0.1063 0.91 5.2847 26.62 -0.1612 -1.42
SELFEMPL 0.2666 1.14 -0.0832 -0.82 0.7266 4.77 -0.7769 -3.34 0.3318 2.18
WHCOLLAR 0.3636 2.39 -0.2700 -4.06 0.6949 7.17 -2.5411 -17.58 0.1211 1.22
RETIRED . —-2.0776 -10.51 -0.4717 -6.11 -0.0426 -0.35 2.8689 13.68 0.0642 0.51
EDUCM 0.0162 0.12 -0.0846 -1.54 0.2277 2.89 -1.6543 -13.12 0.2290 2.75
EDUCH 1.0173 4.82 -0.3337 -3.83 0.3773 2.73 -4.8965 -23.55 0.75856 b5.07
FEMALE -1.4148 -10.41 -0.6665 -11.27 0.9962 10.83 1.2905 9.09 0.0966 1.0%
OLDAGE -0.3663 -2.95 -0.3224 -6.33 -0.4456 -~6.38 2.8639 21.90 0.2240 3.05
SMHOUSE 0.0861 0.64 =-0.1638 -2.76 -0.4386 -5.11 2.0659 15.07 0.2836 3.10
SDHOUSE -0.8687 -2.56 -0.0787 -0.46 0.3142 1.26 -0.2754 -0.89 0.3927 1.76
TENURENT 0.56468 3,63 1.1105 14.98 0.2042 2.07 -1.9965 -13.76 -0.1042 ~-1.06
TENURKIN 0.1995 0.87 0.5781 5.20 0.8348 5.26 -2.0698 -9.43 -0.1296 -0.87
CENTHEAT -1.0813 -6.80 -0.1724 -2.42 -0.1519 -1.62 1.6322 9.94 0.0919 0.95
WEHOUSE ~0.0867 -0.68 0.0045 0.08 -0.0196 =-0.24 -0.3033 -2.32 0.,1780 2.09
BATHROOM ~-0.9192 ~5.17 -0.56867 -7.16 0.4166 3.92 1.1954 6.83 0.3907 3.56
MIDDLE ~0.4492 -3.90 -0.4897 -9.94 0.1323 1.84 1.8356 14.03 0.2498 3.38
NORTH -0.4275 -2.83 -0.2430 -3.74 0.5066 5.15 0.7660 5.01 0.3572 3.58
RURAL -0.6010 -5.23 -0.2679 -5.30 -0.2405 -3.36 0.2868 2.48 0.0019 0.03
SPOUSENW -0.5007 -4.00 -0.2090 -3.87 -0.8224 -10.36 3.3980 27.38 -0.3283 -4.11
CAR -1.7596 ~10.97 -0.0639 -0.76 -0.7324 -7.18 -6.3565 -38.98 -0.4371 -4.26
WINTER ~-0.8509 -6.17 -0.6439 -10.59  -0.2146 -2.39 1.9774 13.60 -0.4384 -4.69
SUMMER 2.56876 16.73 -0.0844 -1.28 -0.5222 -5.68 -1.3786 -9.39 -0.7647 -7.92
AUTUMN 0.6869 4.63 -0.2495 -3.61 0.5101 4.99 -0.57056 -3.66 -0.7858 -7.65
LP1 21.9697 10.91 -3,2919 -3.73 -1.5946 -1.27 5.9508 2.89 -6.3907 -5.04
LP2 17.1093  3.36 6.0735 2.73 -20.2091 -5.78 18.9280 3.54 -14.5959 -4.32
LP3 5.3971 1.80 -8.4272 -6.26 -13.3966 -6.47 18.6324 b5.79 -7.1695 ~3.58
LP4 -0.1023 -0.04 3.4483 3.16 -5.,2950 -3.16 11.2421 4.23 -1.6352 -0.97
LPE -19.6623 -6.24 4.3886 2.68 -9.0762 -3.54 5.4947 1.40 13.3032 5.09
LP6 -14.1819 ~5.09 ~-1.7964 -1.43 -5.4040 -2.93 -1.5893 -0.53 7.7797 4.18
LP7 13.5968 2.78 -5.4412 -2.56 ~0.3092 -0.09 -2.7732 -0.56 -11.5673 -3.34
LP8 -26.9770 -3.74 7.4147 2,33 40.4395 8.08 -26.8038 -3.50 26.7356 5.40
ILNXR -14.0630 -24.13 -1.3912 -5.31 0.6351 1.79 11.9016 19.06 1.3062 3.62
ILNXCH -0.1633 -0.76 0.3116 3.95 0.2429 1.85 -1.6064 -7.85 0.0354 0.31
ILNXFEM 1.2417  3.52 1.0836 7.40 -0.6066 -2.56 -0.0726 -0.20 -0.6943 -3.10
ILNXSIZE -0.2891 -1.61 -0.3686 -5.09 -0.2574 -2.29 2.7208 15.14 -0.1160 -1.15
ILNXSQ 3.3061 8.01 0.3461 2.03 -0.9133 -3.564 0.8118 1.95 -0.8547 -3.23
LNRELX -1.0814 -2.38 0.3761 1.82 -0.69556 -2.48 1.4857 3.00 -0.2499 -0.81
LP9 2.8505 0.43 -2.3685 -0.81 14.8441 3.23 -29.0818 -4.07 -6.4699 -1.48
S.E.E 0.0880 0.0380 0.05655 0.0885 0.0667
R#%2 0.3514 0.0762 0.0789 0.2999 0.0233
RESET(3) 43.8306 165.3322 27.0266 263.2076 6.4802
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Table A3.6. Estimation results by weighted LS, Model P.

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T

CONSTANT 4.0798 1.66 64.7310 8.02 9.6828 2.06 -4.4304 -1.26
LCOHAGE 2.4416 8.96 -2.5847 -2.81 -2.2145 -4.29 -0.4336 -1.00
LAGE -4.4848 -3.11 -25.2129 -5.58 3.4486 1.31 5.6182 2.86
LAGESQ 0.4195 2.22 3.3374 5.62 -0.4368 -~1.27 -0.7308 -2.81
HHSIZE -0.0929 -2.21 0.5584 3.60 0.1088 1.35 0.3192 5.01
HHSIZESQ 0.0050 1.18 0.0128 0.78 -0.04561 -5.60 0.0016 0.29
CHILDREN -0.1846 -6.57 -1.7821 -12.80 0.6918 10.73 -0.3247 -6.04
FARMER -0.0766 -1.34 -0.7643 -3.27 -0.7360 -6.77 -0.1271 -1.69
SELFEMPL 0.1048 1.63 -0.9979 -3.18 0.2729 1.70 0.7127 5.28
WHCOLLAR 0.1057 2.37 0.3961 2.08 0.7061 6.65 0.5615 6.77
RETIRED 0.3479 4.69 -0.3636 -1.74 -0.2212 -1.86 0.1890 1.92
EDUCM 0.1898 4.85 0.4956 3.25 0.5520 6.61 0.3935 5.83
EDUCH 0.1895 2.89 1.0508 3.84 1.6737 10.35 1.0823 7.64
FEMALE 0.1520 3.14 -0.4038 -2.24 -0,1301 -1.33 0.9717 9.40
OLDAGE 0.4894 11.11 -1.3870 ~-11.00 -0.3567 -5.43 -0.2358 -4.66
SMHOUSE -0.2239 -5.15 0.1323 0.80 -0.5834 -6.26 -0.7393 -9.47
‘SDHOUSE -0.1206 -1.23 0.1465 0.38 -0.0512 -0.22 -0.2912 -1.92
TENURENT -0.1370 -2.91 0.0560 0.35 0.3143 3.08 0.,1776 2.29
TENURKIN -0.0540 -0.74 -0.0850 -0.33 0.0129 0.08 0.1870 1.51
CENTHEAT 0.1122 2.29 -0.0077 -0.04 0.1175 1.27 0.0294 0.42
WEHOUSE 0.0569 1.39 0.3005 1.78 0.1149 1.32 0.0042 0.06
BATHROOM 0.1953 3.64 -0.3474 -1.79 -0.0532 -0.51 0.1524 1.90
MIDDLE -0.133¢ -3.70 ~0.2198 -1.87 -0.0683 -0.80 -0.3099 -5.67
NORTH -0.1328 -2.91 0.4090 2.20 -0.3588 -3.83 -0.4505 -6.57
RURAL -0.3102 -8.77 1.5053 10.87 -0.3737 -4.98 ~0.5248 -8.82
SPOUSENW 0.00086 0.02 -~0.0761 -0.47 -0.9064 -11.09 -0.1680 -2.83
CAR 0.0133 0.26 10.9878 60.22 -0.2463 -2.50 -0.5697 -7.56
WINTER 0.0464 1.01 -0.1989 -1.23 0.7889 8.90 ~-0.2471 -3.74
SUMMER -0.2164 -4.76 -0.3265 -1.96 0.1913 2.09 0.2510 3.51
AUTUMN -0.1702 -3.36 -0.4580 -2.64 0.2512 2.69 0.2460 3.40
LP1 -2.8810 -4.62 0.6807 0.30 -4.4204 -3.40 -6.4884 -5.95
LP2 -2.0083 ~-1.32 11.8989 2.12 -17.3449 -5.12 1.0241 0.44
LP3 -3.3264 -3.10 3.5874 1.04 -3.9113 -1.97 10.1738 6.53
LP4 2,2707 2.84 -5.3924 -1.86 ~3.1968 -1.89 1.25681 0.99
LPS 0.6012 0.47 10.7606 2.62 2.3891 0.97 -0,19056 -0.11
LP6 4.3310 4,78 5.0066 1.52 5.9804 3.11 2.6965 1.72
LP7 -1.2054 -0.63 -6.4753 -1.14 6.0488 1.90 0.9331 0.40
LP8 -5.1741 -2.12 0.3091 0.04 8.5072 1.81 -20.6731 -5.95
ILNXR ~1.61356 -7.22 0.7968 1.18 0.1064 0.30 2.,4967 6.54
JLNXCH -0.0085 -0.14 0.0774 0.33 1.2669 11.19 -0.1482 -1.81
‘ILNXFEM 0.1137 0.87 -0.3779 -1.02 -0.5100 -2.48 0.6429 3.43
ILNXSIZE 0.0062 0.09 -1.0690 -5.09 ~0.7964 -8.15 0.0969 1.26
ILNXSQ 0.1966 1.34 -1.5891 -3.47 -1.3479 -5.59 0.5312 2.75
LNRELX 0.2178 1.19 0.9071 1.71 -0.3354 -1.09 -1.4790 -4.12
LP9 7.3723 3.39 ~20.3787 -2.77 5.9479 1.37 11.1663 3.66
S.E.E 0.0275 0.1006 0.0558 0.0420
R*%2 0.0695 0.25642 0.11563 0.1336
RESET(3) 74.0217 114.8757 95.8599 110.1346




A.4 Appendix 4

In the following we present the Engel curves in consumption for the categories W, ..., Ws.
These are shown for six different household types. The values in total consumption which
are not adjusted for the number of equivalent adult members in the household are shown
in the picture for a typical range of values in the data, the mean +2 SD’s, in the group
under consideration. In those households having a single young member, or children
the household head is thirty years old. The households with old-aged members have a
household head who is seventy years old. Adults are working if they are under 65 years
old. All households except the one with a single old-aged female own a car but the other
(dummy) variables have zero values corresponding to the implicit reference groups. Note
that in calculating the Engel curves in consumption we naturally use the relevant real
expenditure variables. First deflating using separate Stone indices for the surveys, and
subsequently adjusting for the relevant number of equivalent adults in the household.
However, the variable shown in the x-axis corresponds to the undeflated and unadjusted
nominal expenditure variable.

In addition full estimation results are reported on the price and expenditure elastici-
ties of household demand which have been calculated at the aggregate level. The results
are based on Model P with both symmetry and adding-up constraints 1rnposed see
Chapter 8.

The ’Slutsky-matrix’ is calculated as D(w)Z, where D(w) is a diagonal matrix with the
vector of budget shares on the diagonal, and E is the matrix having the compensated
price elasticities as-elements.
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A4.1. Engel curves in consumption and household type.
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Figure A4.1, Engel curves in consumption and household type.

Figure A4.1. Female, Engel curves in 1966—90 variable W3
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Figure A4.1. Engel curves in consumption and household type.
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Figure A4.1. Engel curves in consumption and household type.
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Figure A4.1. Engel curves in consumption and household type.
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Figure A4.1. Engel curves in consumption and household type.

Figure A4.1. Female, Engel curves in 1966—90 variable W7 Figure A4.1. Male, Engel curves in 1966—90 variable W7
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Figure A4.1. Engel curves in consumption and household type.
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Figure A4.1. Engel curves in consumption and household type.

Figure A4.1. Female, Engel curves in 1966~80 variable W9
0.15
- 1966
-~ 1971
— 1976
— 1981
«~— 1965
©0.10[|e—
a
“©
w
k]
o
v
=3
m
0,05
00095 5 0o 105 o TS 2.0
Totol real expenditure (log)
Figure A4.1. Pair + 2 ch, Engel curves in 1966-90 variable W¢
015
® .1
Q
£
“n
k]
o
o
2
@o
0.05
PRkt
0.00 5 95 10.6 105 110 (] 12.0
Total real expenditure (lag)
Figure A4.1. Qld pair, Engel curves in 1966—90 variable W9
0.18
¢ 0.10
5
2
]
k]
o
-4
2
o
0.05
0040 9.5 10.0 105 .0 e 120
. Total reat expenditure (log)
Figure A4,1. Engel curves in 1966 variable W9
0.15
+ . FEMALE
-~ MALE
— 2A+2CH
— 2A+4CH
— 20P
20.10f|— Old FEM
Q
£
[}
k]
o
°
3
o
0.05
0.005¢ 9.5 T0.0 108 1.0 s 12.0

Total real expenditure (log}
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Table A4.1.1 Aggregate elasticities of demand, durables included, Year 1966.

Uncompensated price elasticities

Variable LP1 LP2 LP3 LP4 LP5 LP6* LP7 LP8 LP9
w1 ~-0.485 -0.013 0.129 0.027 -0.014 -0.027 0.022 -0.059 -~0.120
w2 -0.304 -0.021 -0.735 0.600 -0.022 -0.701 =-0.471 0.078 0.497
W3 0.291 -0.313 -0.947 0.760 -0.520 -0.401 -0.408 0.003 0.409
W4 -0.322 0.086 0.271 -0.902 -0.003 -0.126 -0.228 -0.201 -0.145
W5 -0.281 -0.016 -0.764 0.078 -0.547 0.087 -0.369 1.132 -0.428
we -0.476 -1.012 -1.3656 -0.915 0.160 0.627 0.063 1.373 0.673
W7 -0.030 -0.138 -0.275 -0.242 -0.166 0.012 -0.496 0.179 0.319
w8 -0.518 0.048 0.007 -0.639 1.164 0.590 0.345 -0.486 -1.588
we - -1.869 0.618 1.196 -1.187 -0.947 0.576 1.227 -3.33¢4 1.815

Compensated price elasticities )

LP1 LpP2 LP3 LP4 LPS LP6 "LP7 LP8 LP9
Wi -0.299 0.007 0.178 0.148 0.019 -0.013 0.089 -0.026 -0.104
W2 0.068 0.020 -0.638 0.841 0.045 -0.673 -0.337 0.144 0.529
W3 0.679 -0.270 -0.844 1.011 -0.450 -0.371 -0.268 0.072 0.442
w4 0.218 0.147 0.414 -0.562 0.094 -0.085 -0.032 -0.105 -0.098
Wb 0.111 0.028 -0.661 0.332 -0.476 0.087 -0.227 1.201 -0.39%4
we -0.172 -0.978 -1.275 -0.718 0.205 0.650 0.163 1.426 0.699
' 0.2569 -0.106 -0.199 -0.056 -0.115 0.035 -0.392 0.230 0.344
w8 ~0.143 0.090 0.106 -0.396 1.221 0.619 0.481 -0.420 -1.556
w9 -1.212 0.692 1.369 -0.762 -0.829 0.626 1.464 -3.218 ' 1.871

Aggregate Expenditure elasticities

Variable Share Direct Relative
Wi 0.345 0.540 -0.000
W2 0.038 1.079 0.000
W3 0.091 1.125 0.001
w4 0.223 1.569 0.054
W5 0.062 1.137 0.101
we 0.026 0.883 -0.101
w7 0.126 0.837 0.089
W8 0.061 1.088 -0.112
w9 0.029 1.908 -0.676

Slutsky -matrix

LPi LP2 LP3 LP4 LP5 LP6 LP7 LP8 LP9
w1 -0.103 0.003 0.061 ©0.061 0.007 -0.008 0.031 -0.009 -0.036
w2 0.003 0.000 -0.024 0.032 0.002 -0.026 -0.013 0.006 0.020
W3 0.062 -0.025 -0.077 0.092 -0.04f -0.034 -0.024 0.007 0.040
W4 0.049 0.033 0.092 =-0.123 0.021 -0.019 -0.007 =-0.023 -0.022
W6 0.007 0.002 -0.04f 0.021 -0.029 0.006 -0.014 0.074 -0.024
Wwe -0.006 ~0.026 -0.034 =-0.019 0.005 0.0i17 0.004 0.038 0.018
w7 0.032 -0.013 -0.026 -0.007 -0.014 0.004 -0.049 0.029 0.043
w8 -0.009 0.005 0.006 =-0.024 0.074 0.038 0.029 -0.026 -0.095
wo -0.036 0.020 0.040 =-0.022 -0.024 0.018 0.043 -0.095 0,055




included, Year 1971.

Table A4.1.1i Aggregate elasticities of demand, durables

Uncompensated price elasticities

Variable LP1 LP2 LP3 LP4 LPE LP& LP7 LP8 LP9
Wi -0.436 -0.016 0.137 0.007 -0.017 -0.032 0.033 -0.066 -0.137
W2 -0.291 -0.03¢9 -0.719 0.695 -0.020 -0.687 -0.460 0.077 0.488
W3 0.337 -0.350 -0.936 0.863 -0.582 -0.449 -0.457 0.004 0.460
° -0.306 0.086 0.276 -0.887 -0.005 -0.126 -0.239 -0.203 -0.144
s -0.246 -0.014 -0.694 0.082 -0.584 0.063 -0.337 1.035 -0.390
we ~-0.471 -0.991 -1.329 -0.901 0.147 0.593 0.053 1.345 0.859
w7 -0.026 -0.116 -0.231 -0.204 -0.138 0.011 -~0.572 0.152 0.269
W8 -0.409 0.042 0.013 -0.8507 0.961 0.491 0.293 -0.570 -1.313
we -1.567 0.519 1.012 -0.993 -0.802 0.483 1.008 -2.816 1.36B
Compensated price elasticities
Variable LP1 LP2 LP3 LP4 LPS LP6 LP7 LP8 LP9
Wi -0.277 0.004 0.180 0.126 0.019 -0.018 0.111 -0.026 -0.119
W2 0.028 0.002 -0.633 0.83¢ 0.051 -0.659 -0.303 0.156 0.525
W3 0.672 =-0.307 -0.846 1.114 -0.507 -0.419 =-0.292 0.086 0.499
wa 0.163 0.146 0.40f -0.537 0.100 -0.083 -0.009 -0.090 -0.089
Wb 0.086 0,029 -0.606 0.320 -0.510 0.082 -0.174 1.115 -0.351
we -0.200 -0.986 -1.2B7 -0.699 0.207 0.617 0.186 1.411 0.690
w7 0.233 -0.082 -0.162 -0.011 -0.080 0.034 =-0.445 0.216 0.299
w8 -0.107 .~ 0,082 0.094 -0.281 1.028 0.518 0.442 -0.496 -1.278
We -1.026 0.589 1.157 -0.589 -0.681 0.531 1.274 -2.684 1.427
Aggregate Expenditure elasticities
Variable Share Direct Relative
Wi 0.303 0.523 =0.000
W2 0.039 1.056 0.000
w3 0.081 1.109 0.001
W4 0.226 1.547 0.0863
Ws 0.068 1.095 0.092
we 0.027 0.896 ~0.099
w7 0.148 0.854 0.075
w8 0.073 0.999 ~0.093
wo 0.035 1.792 ~-0.569
Slutsky -matrix
Variable LP1 Lp2 LP3 LP4 . LP5 LP6 LP7 LP8 LP9
Wi -0.084 0.001 0.064 0.038 0.006 -0.005 0.034 -0.008 -0.036
w2 0.001 0.000 -0.026 0.033 0.002 -0.026 -0.012 0.006 0.021
W3 0.084 -0.026 -0.068 0.090 -0.041 -0.034 =-0.024 0.007 0.040
W4 0.037 0.033 0.091 -0.121 0.023 -0.019 -0.002 -0.020 -0.020
Ws 0.006 0.002 -0.041 0.022 -0.035 0.006 =-0.012 0,075 -0.024
we —-0.005 -0.026 -0.034 -0.019 0.006 0.017 0.005 0.038 0.019
W7 0.035 -0.012 -0.024 -0.002 =-0.012 0.005 -0.066 0.032 0.044
w8 -0.008 0.006 0.007 -0.021 0.076 0.038 0.032 -0.036 -0.094
w9 -0.036 0.021 0.040 -0.021 -0.024 0.019 0.045 -0.094 0.050
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Table A4.1.i11 Aggregate elasticities of demand, durables included, Year 1976.

Uncompensated price elasticities

Variable LP1 LP2 LP3 LP4 LP5 LP& LP7 LP8 LP9
w1 -0.413 -0.021 0.140 -0.014 -0.022 -0.036 0.036 -0.069 -0.147
w2 -0.313 0.054 -0.785 0.659 -0.020 -0.752 -0.502 0.086 0.636
w3 0.357 -0.357 -0.930 0.899 -0.594 -0.459 -0.465 0.007 0.474
W -0.305 0.086 0.274 -0.879 -0.004 -0.123 =-0.245 -0.205 -0.142
Wb -0.242 -0.012 -0.706 0.095 -0.572 0.055 +0.340 1.060 -0.397
Wé -0.509 -1.066 -1.430 -0.973 0.157 0.711 0.066 1.445 0.707
W7 -0.018 -0.107 -0.213 -0.186 -0.127 0.010 =-0.601 0.143 0.249
w8 -0.356 0.041 , 0.017 -0.446 0.884 0.451 0.277 -0.601 -1,199
wo -1.414 0.469 0.911 -0.883 -0.720 0.435 0.895 -2.6386 1.126
Compensated price elasticities
Variable LP1 LP2 LP3 LP4 LP5 LP6 LP7 LP8 LP9
Wi -0.267 -0.002 0.183 0.111 0.014 -0.022 0.124 -0.025 -0.126
W2 -0.016 0.091 -0.704 0.896 0.048 -0.726 =~0.3356 0.169 0.576
w3 0.662 -0.319 -0.846 1.143 -0.523 .-0.432 -~0.293 0.093 0.516
W4 . 0.136 0.141 0.396 =-0.527 0.098 -0.084 0.003 -0.081 -0.082
Wb 0.061 0.026 -0.623 0.337 -0.502 0.082 =~0.170 1.145 -0.3566
We -0.262 -1.034 -1.369 ~-0.767- 0.216 0.734 0.201 1.517 0.742
w7 0.226 -0.076 -0.146 0.008 -0.071. 0.031 .~0.464 0.211 0.282
w8 -0.090 0.075 0.091 -0.233 0.946 0.474 0.427 -0.526 -1.163
i 4 -0.923 0.5630 1.047 -0.491 -0.606 0.478 1.171 -2.388 1,192
Aggregate Expenditure elasticities

Variable Share Direct Relative

w1 0.286 0.545 -0.000

w2 0.036 1.038 0.000

w3 0.079 1.068 0.002

W4 0.228 1.542 0.053

W5 0.066 1.080 0.094

wé 0.025 0.902 -0.106

w7 0.161 0.849 0.069

w8 0.080 0.931 -0.085

wo 0.039 1.718 -0.512

Slutsky -matrix

Variable LP1 LP2 LP3 LP4 LP5 Lps LP7 LP8 LP9
Wi -0.073 ~0.000 0.052 0,032 0.004 -0.006 0.035 -0.007 -0.036
w2 -0.000 0.003 -0.026 0,032 0.002 -0.026 -0.012 0.006 0.021
w3 0.052 =~0.026 -0.067 0,090 -0.041 -0.034 -0.023 0.007 0.041
w4 0.031 0.032 0.090 -0.120 0.022 -0.019 0.000 -0.019 -0.019
w5 0.004 0.002 -0.041 0.022 -0,033 0.005 =-0.011 0.076 -0.024
we -0.006 ~0.026 -0.034 -0.019 0.005 0.018 0.005 0.038 0.019
w7 0.036 =-0.012 -0.023 0.001 -0.011 0.005 -0.075 0.034 0.045
W8 -0.007 0.008 0.007 -0.019 0.076 0.038 0.034 -0.042 -0.093
wo -0.036 0.021 0.041 -0.019 -0.024 0.019 0.046 -0.093 0.046




Table A4.1.iv Aggregate elasticities of demand, durables included, Year 1981.

Uncompensated price elasticities

"W

Variable LP1 LP2 LP3 LP4 LPb LP6 LP7 LP8 LP9
Wi -0.399 -0.023 0.139 -0.022 -0.025 -0.038 0.038 -0.069 -0.150
w2 -0.328 0.093 -0.816 0.680 -0.022 =-0.781 -0.522 0.088 0.555
w3 0.410 -0.410 -0.919 1.031 -0.681 -0.527 -0.533 0.008 0.b543
Wa -0.206 0.086 0.277 -0.872 -0.002 -0.120 -0.243 ~0.205 -0.143
Wb -0.244 -0.012 -0.720 0.100 -0.562 0.057 -0.346 1.083 -0.4086
Wwe -0.639 ~-1.126 -1.509 -1.029 0.166 0.804 0.059 1.624 0.746
w7 -0.017 -0.104 -0.208 -0.182 -0.124 0.010 -0.6i1 0.140 0.243
w8 -0.320 0.038 0.016 -0.403 0.807 0.412 0.266 -0.634 -1.093
we -1.169 0.386 0.764 -0.730 -0.693 0.368 0.730 -2.095 0.744
Compensated price elasticities
Variable LP1 LP2 LP3 LP4 LP6 LP6 LP7 LP8 LP9
wi -0.247 -0.004 0.176 0.106 0.011 -0.026 0.129 -0.021 -0.124
W2 -0.037 0.130 -0.744 0.924 0.046 -0.756 -0.348 0.180 0.605
w3 0.708 -0.373 -0.845 1.281 -0.611 -0.501 -0.366 0.102 0.594
W4 0.124 0.139 0.381 -0.521 0.097 -0.084 0.008 -0.072 -0.072
Wk 0.046 0.024 -0.648 0.343 -0.494 0.082 -0.173 1.176 -0.356
we -0.280 -~1.094 -1.447 -0.820 0.223 0.826 0.209 1.604 0.789
W7 0.218 -0.074 -0.150 0.016 -0.068 0.030 -0.470 0.215 0.283
w8 -0.066 0.070 0.080 -0.190 0.867 0.434 0.408 -0.5563 -1.049
we -0.723  0.441 0.865 -0.366 -0.489 0.396 0.997 -1.953 0.821
Aggregate Expenditure elasticities
Variable Share Direct Relative
Wi 0.276 0.549 -0.000
w2 0.034 1.063 0.000
w3 0.069 1.078 0.002
We 0.231 1.514 0.062
Wb 0.065 1.048 0.096
We 0.024 0.903 -0.112
w7 0.165 0.852 0.067
ws 0.088 0.921 -0.077
Wwe 0.047 1.616 -0.421
Slutsky -matrix
Variable LP1 LP2 LP3 LP4 LP5 LP§ LP7 LP8 LP9
Wi -0.068 -0.001 0.049 0.029 0.003 -0.007 0.036 -0.006 =-0.034
w2 ~0.001 0.004 -0.026 0.032 0.002 -0.026 -0.012 0.006 0.021
W3 0.049 -0.026 -0.068 0.088 -0.042 -0.034 -0.024 0.007 0.041
w4 0.029 0.032 0.088 -0.121 0.022 -0.019 0.002 -0.017 -0.017
0.003 0.002 -0.042 0.022 -0.032 0.006 -0.011 0.076 -0.093
we -0.007 -0.026 -0.034 -0.019 0.006 0.020 0.006 0.038 0.019
w7 0.036 -0.012 -0.026 0.003 -0.011 0.006 -0.078 0.036 0.047
w8 -0.006 0.006 0.007 -0.017 0,076 0.038 0.036 -0.049 -0.092
We ~0.034 0.0214 0.041 -0.017 -0.023 0.01% ©0.047 -0.092 0.039




Table A4.1.v Aggregate elasticities of demand, durables
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included, Year 1985.

Uncompensated price elasticities

Variable LP1 LP2 LP3 Lp4 LPS LP6 LP7 LP8 LP9
w1 -0.375 -0.027 0.141 -0.038 -0.030 -0.038 0.037 -0.077 -0.158
W2 -0.34¢ 0.173 -0.873 0.735 =~-0.022 -0.837 -0.566 0.097 0.596
W3 0.456 =-0.442 -0.909 1.127 -0.734 -0.570 -0.571 0.012 0.590
Wa -0.289 0.086 0.276 -0.868 -0.000 -0.121 -0.243 -0.202 -0.144
W5 -0.241 -0.011 -0.733 0.110 -0.551 0.059 -0.349 1.110 -0.412
We -0.420 -0.871 -1.169 =-0.799 0.127 0.396 0.045 1.178 0.577
w7 -0.014 ~0.101 -0.203 -0.176 -0.120 0.011 -0.619 0,137 0.238
w8 -0.312 0.040 0.019 -0.398 0.820 0.419 0.268 -0.625 -1.103
e -0.966 0.320 0.626 -0.599 -0.480 0.202 0.599 -1.731 " 0.439
Compensated price elasticities
Variable LP1 LP2 LP3 LP4 LPS LP6 LP7 LP8 LP9
Ut -0.228 ~0.009 0.177 0.095 0.006 -0.021 0.133 =-0.028 -0.126
W2 -0.075 0.206 -0.807 0.978 0.043 -0.805 -0.381 0.186 0.655
W3 0.727 ~-0.408 -0.843 1.372 -0.668 -0.538 -0.394 0.103 0.650
W4 0.104 0.135 0.371 -0.514 0.095 -0.076 0.014 -0.071 -0.058
W5 0.026 0.022 -0.669 0.350 -0.486 0.090 -0.176 1.198 -0.354
wé ~-0.176 =~0.841 -1.109 =-0.579 0.186 0.426 0.204 1.260 0.631
W7 0.206 -0.074 -0.149 0.023 -0.066 0.037 -0.475 0.211 0.286
W8 -0.084 0.068 0.074 -0.193 0.875 0.445 0.416 -0.549 -1.053
we -0.572 0.369 0.722 -0.243 -0.394 0.339 0.856 -1.600 0.525
Aggregate Expenditure elasticities
. Variable Share Direct Relative
W1 0.261 0.564 -0.000
W2 0.032 1.031 0.000
W3 0.063 1.041 0.002
W4 0.235 1.506 0.051
Ws 0.063 1.018 0.098
we 0.031 0.936 -0.087
w7 0.170 0.845 0.065
W8 0.087 0.873 -0.078
W9 0.057 1.510 ~-0.348
Slutsky -matrix
Variable LP1 LP2 LP3 LP4 LP5 LPé LP7 LP8 LP9
Wi -0.059 ~0.002 0.046 0.025 0.002 -0.006 0.035 -0.007 -0.033
W2 -0.002 0.007 -0.026 0.031 0.001 -0.026 -0.012 0.006 0.021
W3 0.046 -0.026 -0.054 0.087 -0.042 =-0.034 -0.025 0.007 0.041
W4 0.024 0.032 0.087 ~-0.121 0.022 -0.018 0.003 -0.017 -0.014
W6 0.002 0.001 -0.042 0.022 -0.031 0.006 -0.011 0.076 -0.022
we -0.005 -~0.026 -0.034 -0.018 0.006 0.013 0.006 0.039 0.019
wr 0.035 -0.013 -0.025 0.004 -0.011. 0.006 -0.081 0.036 0.049
w8 -0.007 0.006 0.006 -0.017 0.076 0.039 0.036 -0.048 -0.091
W9 -0.033 0.021 0.04f -0.014 -0.023 0.019 0.049 -0.091 0.030




Table A4.1.vi Aggregate elasticities of demand, durables included, all data.

Uncompensated price elasticities

Variable LP1 LP2 LP3 LP4 LPS LP6 LP7 LP8 LP9
Wi -0.360 -0.027 0.147 -0.034 -0.030 -0.040 0.036 -0.079 -0.163
w2 -0.324 0.108 -0.824 0.695 -0.021 -0.790 -0.525 0.092 0.564
W3 0.433 -0.420 -0.914 1.070 -0.697 -0.541 -0.541 0.012 0.661
Wa -0.273 0.083 0.267 -0.872 -0.000 -0.117 -0.231 -0.195 -0.139
W5 -0.230 -0.010 -0.727 0.119 -0.661 0.060 -0.339 1.107 -0.407
Weé -0.462 -0.939 -1.261 -0.869 0.134 0.502 0.041 1.266 0.619
w7 ~0.010 -0.101 -0.204 -0.171 =-0.120 0.012 -0.607 0.142 0.244
w8 -0.324 0.039 0.017 -0.409 0.821 0.419 0.263 -0.626 -1.109
wo -0.986 0.312 0.611 -0.629 -0.494 0.287 0.571 -1.730 0.417
Compensated price elasticities
Variable LP1 LP2 LP3 LP4 LP5 LP6 LP7 LP8 LP9
Wi -0.221 -0.008 0.i184 0.0989 0.005 -0.024 0.128 -0.032 -0.131
W2 -0.064 0.143 -0.756 0.943 0.045 .~0.761 -0.363 0.181 0.623
w3 0.696 -0.385 -0.845 1.321 -0.631 -0.511 -0.368 0.102 0.621
W4 0.101 0.134 0.366 -0.515 0.094 -0.074 0.016 -0.067 -0.054
Wb 0.018 0.024 -0.661 0.355 -0.488 0.087° -0.176 1.192 -0.3561
we -0.216 -0.906 -1.196 -0.635 0.196 0.530 0.203 1.349 0.676
W7 0.197 -0.074 -0.149 0.026 -0.068 0.035 -0.47f 0.213 0.291
W8 -0.083 0.070 0.078 -0.189 0.879 0.445 0.415 -0.548 -1.0567
we -0.669 0.368 0.721 -0.233 -0.390 0.334 0.845 -1.588 0.512
Aggregate Expenditure elasticities

Variable Share Direct Relative

Wi 0.26¢ 0.550 ~0.000

w2 0.034 1.026 0.000

W3 0.087 1.036 0.002

W4 0.242 1.476 0.050

W5 0.064 0.978 0.098

W6 0.029 0.970 -0.094

W7 0.167 0.816 0.066

ws 0.0868 0.908 =0.079

we 0.068 1.640 -0.345

Slutsky -matrix

Variable LP1 LP2 LP3 LP4 LP6 LP6 LP7 LP8 LP9
Wi -0.066 -0.002 0.047 0.025 0.001 -0.006 0.032 -0.008 -0.033
w2 -0.002 0.006 -0.026 0.032 0.002 -0.026 -0.012 0.006 0.021
w3 0.047 -0.026 -0.056 0.088 -0.042 -0.034 -~0.0256 0.007 0.042
We 0.026 0.032 0.088 -0.1256 0.023 -0.018 0.004 -0.0i6 -0.013
ws 0.001 0.002 -0.042 0.023 -0.031 0.006 -0.011 0.076 -0.022
we ~0.006 -0.026 -0.034 -0.018 0.006 0.015 0.006 0.038 0.019
w7 0.033 -0.012 -0.025 0.004 -0.011 0.006 -0.079 0.036 0.049
W8 ~0.008 0.006 0.007 -0.016 0.076 0.038 0.036 -0.047 -0.091
We -0.033 0.021 0.042 -0.013 -0.022 0.018 0.049 -0.091 0.029
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A.5 Appendix 5

Full estimation results are reported on Model ND, with no parameter constraints impo-
sed, see Chapter 9. The parameter estimates of the (eight) budget share equations have
been multiplied by 100 to present the results in percentage points, for ease in exposi-
tion. The other parameters correspond to the (logarithmic) variance components and
are reproduced as such, having a useful interpretation in percentage points. The row
LOGS0 gives the estimate for the (the logarithmic) variance component in 1985. The
row YFITO gives the heteroskedasticity parameter connecting the (exogenous part of)
fit and logarithmic variance of the error in the model.




Table A5.1. Estimation results by quasi maximum likelihood, nondurables.

Food Clothing, Energy Household
Variable Footwear Appliances
Param. T Param. T Param. T Param. T

CONSTANT -76.6081 -8.,12 34.5407 6.14 -1.9048 -0.84 32.7181 14.13

LCOHAGE ~-1.4026 -1.46 1.0908 1.96 -1.1994 -5.22 1.1063 5.2b
LAGE 55.8081 10.29 -12.9068 -4.03 4.2693 3.28 -165.6968 -11.84
LAGESQ -6.1773 -8.70 1.3794 3.28 -0.2387 -1.37 1.9451 11.54
HHSIZE 1.4167 8.30 -0.0608 -0.62 -1.0138 -23.02 -0.4004 -11.42
HHSIZESQ -0.2332 -12.76 0.0267 2.51 0.0288 5.86 0.0093 2.73
CHILDREN 1.2540 11.74 0.2623 4.40 0.5668 21.756 0.2942 12,77
FARMER 0.9696 3.88 0.6009 4.63 1.7309 24.39 0.0700 1.57
SELFEMPL -0.1626 -0.52 1.1778 6.78 0.6852 8.61 -0.0063 -0.09
WHCOLLAR -2.0636 -10.74 0.7309 6.74 -0.1869 -4.46 0.0508 1.43
RETIRED -1.0468 -4.01 0.0946 0.67 0.5484 8.34 0.1308 2.65
EDUCHM -1.8229 -11.01 -0.0326 -0.36 -0.2214 -5.85 0.2423 7.39
EDUCH -2.6877 -9.71 -0.3593 -2.35 -0.6628 -11.10 0.4761 8.68
FEMALE -1.7586 -9.58 1.8767 14.98 -0.2457 -5.64 0.1063 2.98
OLDAGE 1.1481 7.26 -0.5176 -6.43 0.3000 7.23 0.1766 6.02
SMHOUSE 0.4561 2.54 -0.7756 -7.83 4.0634 79.57 0.2068 5.92
SDHOUSE -0.8476 -1.98 0.4403 1.67 2.2929 18.956 0.3339 3.90
TENURENT 0.6047 3.18 0.4378 3.93 -0.9384 -22.07 -0.2901 -7.51
TENURKIN 0.4453 1.51 1.4476 8.13 -1.0690 -16.82 -0.2150 -3.65
CENTHEAT -0.7361 -3.687 -0.2678 -2.49 -0.0704 ~1.38 0.1603 4.32
WEHQUSE -0.1431 -0.85 -0.0661 -0.72 0.3663 9.28 0.1428 4.37
BATHROOM -1.4676 -6.79 0.8726 7.67 0.1023 1.93 0.4147 9.70
MIDDLE 0.6293 4.17 0.3012 3.64 0.4807 13.42 -0.0382 -1.35
NORTH 0.4274 2,13 0.7679 6.76 0.5023 10.26 0.0146 0.38
RURAL -0.0769 -0.50 -0.1111 -1.34 0.7067 18.86 -0.0680 -2.32
SPOUSENW 1.1823 7.33 -0.7748 -8.45 0.5052 14.02 -0.0993 -3.29
CAR -3.0279 -16.28 -1.4409 -13.62 -0.2049 -4.94 -0.1380 -3.98
WINTER -0.6641 -3.66 -0.0380 -0.37 0.6588 14.81 -0.6171 -13.39
SUMMER 3.4106 16.82 -1.1368 -10.65 -0.1345 -2.96 -0.6617 -13.37
AUTUMN ~0.0203 -0.11 0.8394 7.78 0.0142 0.32 -0.5611 -12.67
LNP1 23.2243 8.79 14,0171 2.68 1.6533 2.44 -2.5731 -3.97
LNP3 -1.4233 -0.51 -0.8026 -0.50 3.6304 5.04 1.7087 2.87
LNP4 1.7685 0.78 3.5338 2.60 0.6952 1.14 1.9722 3.61
LNPS -11.6000 -3.04 -11.0780 -5.13 0.9923 1.07 2.5850 3.09
LNP6 -3.6092 -1.41 -1.6684 -1.06 -2.0118 -2.97 =-0.1129 -0.21
LNP7 -0.7483 -0.16 -0.3701 -0.13 -2.0474 -1.70 -8.5791 -8.01
LNP8 -9.4034 -1.68 -0.1821 -0.06 -5.2912 -3.64 3.8811 3.39
ILNXR -20.0674 -21.58 5.1471 9.36 -2.5657 -9.10 0.6969 2.00
ILNXCH -1.6042 -4.77 0.4348 2.07 -0.5949 -6.04 -0.0645 -0.55
ILNXFEM 2.0207 3.83 -1.5528 -4.40 0.0800 0.52 -0.6876 -3.11
ILNXSIZE 1.6727 6.22 -0.1101 -0.66 0.8848 10.76 0.1661: 1.74
ILNXSQ 2.8979 4.33 -2.1182 -5.10 1.0796 5.02 -0.6121 -2.3%
LNRELX -2.1217 -3.23 -1.1979 -2.92 0.0123 0.07 0.2432 0,87

2.3792 1.80 1.1202 0.92

LNPS 1.7913 0.34 6.4402 2.15



LOGSO
D6676
D66
D76
D81
D90
YFITO

.3531
L1511
L0914
. 0707
.0130
.0101
L0787

.1074
.3661
.1498
.2190
.2903
L1879
.6029

209

4749
.0370
.2368
.1460
.1996
.0851
L9773

.4998
.4449
.3396
.1970
.1690
.2669
.2260




Table A5.1. Estimation results by quasi maximum likelihood, nondurables.

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T

CONSTANT -3.6817 =-2.37 b5.0012 7.66 7.2873 1.86 18.7124 3.83
LCOHAGE 2.5340 12.92 -3.6943 -4.83 -0.5420 -1.24 2.4356 4.61
LAGE 0,9832 1.09 -16.0176 -3.94 4,8952 2.20 -1.7407 -0.62
LAGESQ -0.3771 -3.23 2,2501 4,22 -0.9429 -3.28 -0.4131 -1.15
HHSIZE -0.3273 -11.44 -0.6869 ~5.73 -0.2037 -3.35 -1.9359 -20.33
HHSIZESQ 0.0137 4.71 0.1521 10.88 -0.0124 -1.84 0.2647 21.29
CHILDREN -0,0276 -1.66 -1,8606 -23.46 0.6042 15.14 -1.0308 -19.65
FARMER 0.4331 10.28 -0.9288 =-5.43 -0.3462 -3.93 -1.8081 -16.33
SELFEMPL 0.1903 3.62 -1.2310 -5.39 0.2676 2.13 0.7572 4.72
WHCOLLAR -0.0337 -1.06 -0.2092 =-2.07 0.4378 65.68 0.4198 4,22
RETIRED 0.7668 15.19 0.1631 0.89 0.5414 5.41 -1.1069 -8.61
EDUCM -0.0466 -1.70 0.4528 3.69 0.4154 6.27 0.6922 8.13
EDUCH -0.3853 -8.70 1,1629 5.51 1.0445 9.21 1.0566 7.61
FEMALE 0.0622 1,90 -0.1126 -0.90 -0.1315 -1.98 -0,3820 -4.39
OLDAGE 0.4068 14.44 -1,2323 -11.45 -0.2241 -4.07 -0.9962 -13.54
SMHOUSE -0.4234 -13,02 -0.8168 -6.07 -1.0381 -14.19 -1.4675 -14.34
SDHOUSE -0.0694 -0.92 -0.3799 -~1.18 0.2053 1.12 -0.1234 -0.53
TENURENT 0.0746 2.24 0.7684 b.51 0.2217 2.87 0.7700 7.45
TENURKIN 0.1843 3.54 0.6125 2.68 0.2253 1.84 0.9443 5.72
CENTHEAT 0.1079 3.16 0.0764 0.55 0.4417 6.18 0.0907 0.90
WEHOUSE 0.0045 0.16 0.205689 1.62 -0.1988 -3.06 -0.16156 -1.88
BATHROOM 0.0653 1.B3 -0.9863 -6.46 -0.1808 -2.33 0.3450 3.23
MIDDLE -0.0994 -3.,91 -0.4271 -3.97 -0.0424 -0.76 =-0.5816 -7.88
NORTH -0.1520 -4.47 -0.0165 -0.11 -0.2372 -3.11 -0.5298 -5.35
RURAL -0.2578 -9.61 0.9660 8.53 -0.1686 -2.68 -0.7457 -9.33
SPOUSENW 0.2626 9.67 1.053¢ 8.73 -0.7514 -11.58 0.4120 4.98
CAR -0.2740 -8.52 7.7374 53.66 -0.5160 -7.67 -1.3680 -14.72
WINTER 0.0990 3.04 -0.3896 -2.83 0.8923 12.71 0.3462 3.86
SUMMER -0.4694 -13.11 -0.2603 -1.84 0.3629 4.88 0.0481 0.49
AUTUMN -0.3261 -9.63 -0.1977 -1.45 0.4826 6.71 0.0676 0.72
LNP1 1.6636 2.87 -11.1391 -5.86 -1.6939 -1.58 -2.5314 -1.80
LNP3 -2,2928 -3.90 6.4521 3.11 -4.7582 -4.19 11.9123 8.04
LNP4 1.2639 2.51 -9.3937 -5.32 -1.4432 -1.48 -10.1010 -7.85
LNPB 2,9228 3.82 -7.0296 ~2.46 3.9168 2.55 1,6540 0.82
LNPS6 6.0640 11.23 -5.9326 -2.89 -0.2967 -0.28 3.2160 2.23
LNP7 ~4.1307 -4.13 16.3768 4,41 0.3061 0.15 9.5337 3.62
LNP8 -4.0071 -3.39 3.6893 0.81 6.0442 2.63 -11.3301 -3.67
ILNXR -0.4228 -1.27 6.8845b 9.83 2.6048 6.18 8.9213 14.43
ILNXCH -0.1003 -1.13 -1.0414 -4.44 1.9293 13.45 0.1976 1.06
ILNXFEM 0.1879 1.01 1.1012 2.70 -0.3793 -1.50 -0.0979 -0.27
ILNXSIZE 0.0848 1.07 -0.4636 -2.26 -0.9472 -8.30 -0.5409 -3.30
ILNXSQ 0.3767 1.78 -1.8984 -3.91 -1.9819 -6.84 3.4071 8.48
LNRELX 0.3626 1.41 -0.6462 -1.19 0.5346 1.55 =-0.3199 -0.63

LNPO -1.4737 -1.33 7.0767 1.76 -2.0750 -0.92 -2.3536 -0.81



LOGSO
D6676
D66
D76
D81
D90
YFITO

.0830
.1970
.5413
.1486
.8920
.3625
.0142

L7921
.1744
.0959
.0218
.0356
.0015
L7931
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.5103
.1089
.0968
. 1477
. 0862
L1141
.0842

.4813
.2913
.1361
. 0244
.1368
L1611
.8596




Table A5.1. Estimation results by weighted LS, nondurables.

Food Clothing, Energy Household
Variable Footwear Appliances
Param. T Param. T Param. T Param. T

CONSTANT -89.8973 -9.21 23.3982 3.48 -2.8780 -1.00 31.3332 6.89
LCOHAGE -3.7371 -3.84 1.0114 1.41 -1.1694 -4.41 2.5906 b5.50
LAGE 63.9471 11.41 -7.8239 -2.04 4.4283 2.66 -16.9138 -6.4b
LAGESQ -6.8817 -9.32 0.6963 1,40 -0.2800 -1.26 1.9088 5.66
HHSIZE 2.1616 12.49 0.7771 6.47 -0.4357 -7.53 =-0.0997 -1.40
HHSIZESQ -0.3131 -16.42 -0,0224 -1.60 =-0.0279 -4.26 -0.0097 -1.26
CHILDREN 1.1383 10.156 0.2166 2,93 0.4836 14.03 0.3601 8.66
FARMER 0.4403 1.69 0.4372 2,68 1.8873 16.54 -0.1286 -1.30
SELFEMPL -0.0167 -0.05 0.,9308 4.32 0.6331 6.15 0.0260 0.20
WHCOLLAR -1.4344 -7.24 0.7346 5.41 0.0511 1.00 -0.,0098 -0.12
RETIRED -1.2073 -4.49 0.16256 0,90 0.2178 2.60 0.2478 2.21
EDUCM -1.6468 -9.02 ~-0.0662 -0.58 -0.2238 -4.70 0.1930 2.70
EDUCH -1.6717 -5.76 -0.5934 -3.02 -0.3963 -5.25 0.5100 3.86
FEMALE -1.6663 -8.77 1.5386 12.18 -0.1873 -3.24¢ 0.2776 3.46
OLDAGE 1.1070 6.66 -0.5409 -5.63 0.3306 b5.66 0.2712 4.11
SMHOUSE 0.7362 3.97 -0.91856 -7.668 4.1796 72.36 0.2061 2.59
SDHOUSE -1.3183 -3.03 0.2636 0.78 0.8261 6.5B 0.3376 1.7b
TENURENT 0.1585 0.81 0.3225 2.38 -1.3560 -28.43 ~0.233¢ -2.80
TENURKIN -0.1946 -0.65 1.1889 5.50 -1.3412 -18.34 -0.2231 -1.73
CENTHEAT -0.6894 -3.29 -0.0406 -0.32 ~-0.2318 -2.90 0,2309 2.79
WEHOUSE 0.0482 0.28 -0.0124 -0.11 0.4662 9.46 0.1672 2.28
BATHROOM -1.1660 -5.16 0.7626 5.42 0.2973 4.04 0.4657 5.22
MIDDLE 0.3607 2.24 0.4370 4.33 0.4666 10.00 0.1163 1,82
NORTH 0.2680 1.29 0.9102 6.58 0.4802 7.62 0.0747 0.88
RURAL -0.2603 -1.65 -0.1609 -1.59 0.6280 12.98 -0.0315 -0.48
SPOUSENW 0.5478 3.24 -0.8162 -7.31 0.2598 b6.556 -0.0515 -0.75k
CAR -2,2389 -11.47 -1.2862 -9.,94 0.0617 1,14 -0.1801 -2.20
WINTER -0.9964 -5.34 0.0066 0.05 0.3707 6.74 -0.9998 -12.09
SUMMER 3.5134 16.86 -0.9760 -7.66 =-0.1130 -2.02 -1.0021 -11.63
AUTUMN -0.0998 -0.62 0.8732 6.75 -0.0337 -0.64 -0.7246 -8.42
LNP1 21.6763 8.08 2.0654 1.17 -0.1210 -0.16 ~5.2761 -4.78
LNP3 -4.2923 -1.61 -1.6296 -0.87 2.6334 3.14 -~2.7476 =-2.34
LNP4 3.3461 1.46 4.1856 2.T71 1.2723 1.91 5.1499 b5.31
LNPE ~12.0829 -3.12 -7.8632 -3.00 2.0931 1.93 6.0978 3.65
LNP6 -4.6978 -1.76 -0.6638 -0.38 -1.8728 -2.48 2.3694 2.12
LNP7 -0.6879 -0.14 -1.1840 -0.36 -3.3760 -2.47 -9.6441 -4.62
LNP8 -4.4249 -0.76 1.9902 0.53 -4.4516 -2.69 6.3977 2.64
ILNXR -20.5135 -22.14 4.4504 7.66 -2.6335 -8.76 1.0292 2.64
ILNXCH -1.2383 -3.89 0.7007 3.29 -0.4326 -4.26 0.0865 0.72
ILNXFEM 2.0345 3.85 -1.2769 -3.56 0.0929 0.58 -0.7508 -3.21
ILNXSIZE 0.8468 3.14 -0,2339 -1.33 0.3763 4.30 0.0803 0.78
ILNXSQ 1.4828 2.24 -0.9922 -2.33 0.7668 3.67 -0.3184 -1.10
LNRELX -1.9007 -2.80 -0.7141 -1.71 0.4818 2.64 0.3299 1.14
LNPS 1.168¢ 0.22 3.0996 0.87 3.8226 2.62 -2.3469 -1.02
S.E.E 0.1201 0.0783 0.0338 0.0496
Rk*2 0.3936 0.0808 0.3659 0.0273
RESET(3) 46.9757 30.1403 887.7166 51.6010
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Table A5.1. Estimation results by weighted LS, nondurables.

Health Care, Transport, Education, Other
Variable Communication Entertainm. Services
Param. T Param. T Param. T Param. T

CONSTANT 16.2122 4.75 64.4049 8.02 16.5143 3.26 52.6684 7.38
LCOHAGE 4.5987 11.76 -2.9326 -3.37 -1.5135 -2.68 -3.3283 -4.21
LAGE ~12.7014 -6.35 -23.4615 -5.19 -0.2701 =-0.09 -14.1218 -3.50
LAGESQ 1.2253 4.72 3.2031 5.38 -0.0280 -0.08 1.8642 3.56
HHSIZE 0.1162 2.15 0.3108 2.39 0.1693 2.10 -0.5086 -4.24
HHSIZESQ -0.0168 -3.04 0.0760 5.256 -0.0343 -3.84 0.1596 11.76
CHILDREN -0.0070 -0.22 -1.9174 -21.72 0.7326 13.99 -1.1769 -17.14
FARMER 0.3285 4.35 -0.9888 -5.16 -0.4325 -3.83 -1.6843 -11.91
SELFEMPL 0.0402 0.42 -2.1406 -8.52 0.0973 0.59 0.6637 2.95
WHCOLLAR -0.1321 -2.18 -0.4572 -2.73 0.4809 4.36 1.2628 8.47
RETIRED 0.8332 8.39 0.4869 2.34 0.1815 1.43 -1.1012 -6.32
EDUCMH 0.0293 0.54¢ 0.4115 2.92 0.4856 5.34 0.7365 6.16
EDUCH -0.3633 -4.06 0.6674 2.64 1.1987 6.95 1.1261 4.98
FEMALE 0.1303 1.96 0.0835 0.59 0.1846 2.07 -0.0351 -0.28
OLDAGE 0.8997 15.42 -1.0834 -9.01 -0.2218 =~-3.22 -0.9566 -10.50
SMHOUSE -0.5439 -9.09 -0.9103 -5.96 -1.0951 -11.07 -2.5339 -18.64
SDHOUSE -0,.1540 =-1.10 -0.6011 ~1.70 -0.3322 =~-1.34 -1.3007 -3.95
TENURENT -0.0230 -0.36 0.6217 3.95 0.1803 1.69 0.8799 5.86
TENURKIN 0.0260 0.26 0.3040 1.19 0.0808 0.48 0.6973 2.95
CENTHEAT 0.0759 1.20 0.0035 0.02 0.3099 3.28 0.0079 0.06
WEHOUSE -0.0433 -0.79 0.1379 0.95 -0.1791 -2.00 -0.4221 -3.52
BATHROOM -0.0266 -0.39 -0.9020 -5.19 -0.0686 -0.65 0.2532 1.83
MIDDLE -0.0876 -1.81 -0.2996 -2.47 -0.1200 -~1.58 -0.5812 -5.87
NORTH -0.1573 -2.54 -0.2141 -1.31 -0.2828 -~2.82 -0.7165 -5.48
RURAL -0.3241 -6.72 1.1908 9.37 -0.2899 -3.65 -0.8322 -7.86
SPOUSENW 0.2695 5.12 0.9028 6.57 -0.8674 —-10.24 -0.1589 -1.42
CAR -0.3938 -6.18 7.7931 53.16 -0.4064 -~4.33 -1.5850 -12.56
WINTER 0.2808 4.52 -0.3003 -2.04 0.9695 10.63 0.4282 3.49
SUMMER -0.4083 -6.42 -0.2960 -1.86 0.0836 0.86 -0.2417 -1.85
AUTUMN -0.3358 -5.22 -0.4068 -2.67 0.4257 4.52 0.0440 0.35
LNP1 -0.3627 -0.42 -10.6659 -5.18 -1.7386 ~1.31 -4.9254 -2.91
LNP3 -4.2842 -4.33 5.4194 2.38 -5.0083 -3.37 11.9153 6.17
LNP4 0.2120 0.26 -7.8935 -4.20 0.7324 0.59 -8.4452 -5.22
LNP5 3.8945 2.78 -3.6772 -1.16 6.3791 3.08 1.5498 0.57
LNP6 5.1786 5.28 -4.9649 -2.26 1.0566 0.72 2.2012 1.14
LNP7 -3.4443 -1.88 11.6900 2.91 -3.8913 -1.51 10.9387 3.24
LNP8 -0.4860 -0.21 5.2776 1.07 6.1482 1.91 -7.0796 -1.63
ILNXR 0.6800 1.85 7.3131 10.23 1.7501 3.99 5.5429 8.59
ILNXCH -0.1380 -1.50 ~1.1743 -4.95 1.9895 13.80 =~0.2711 -1.42
ILNXFEM 0.1574 0.79 1.1650 2.86 -0.4043 -1.59 -0.4226 -1.18
ILNXSIZE -0.0111 -0.13 -0.3431 -1.65 -0.8037 -6.86 0.1855 1.11
ILNXSQ 0.1050 0.45 -1.3869 -2.81 -1.8490 -6.04 3.9530 9.32
LNRELX 0.4821 1.79 -0.4228 -0.78 0.8478 2.41 0.6192 1.21
LNP9 -0.7079 -0.36 4.8146 1.08 -3.6771 -1.26 -6.1547 -1.61
S.E.E 0.0374 0.0941 0.0591 0.0779
R#*2 0.0640 0.2508 0.1530 0.2561
RESET(3) 135.4811 107.2809 128.5726 269.0854




A.6 Appendix 6

For the allocation of non-durable consumption full estimation results are reported on
the price and expenditure elasticities of household demand which have been calculated
at the aggregate level. ‘The results are based on Model ND with both symmetry and
adding-up constraints imposed, see Chapter 9.

The ’Slutsky-matrix’ is calculated as D(w)=, where D(w) is a diagonal matrix with the
vector of budget shares on the diagonal, and Z is the matrix having the compensated
price elasticities as elements.



Table A6.1.i Aggregate
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elasticities of demand, nondurables, Year 1966.

Uncompensated price elasticities

Variable LNP1 LNP3 LNP4 LNP5S LNP6 LNPT LNP8 LNPO

NWi -0.464 -0.015 0.087 -0.028 0.008 -0.073 -0.077 -0.045
NW3 -0.419 -0.696 0.248 -0.221 -0.052 -0.394 -0.171 0.307
NW4 0.469 0.662 -0.748 0.697 0.002 -0.563 -0.546 -0.872
NW5 -0.489 -0.491 0.792 -0.392 0.173 -1.811 0.9156 0.189
NW6 -0.141 -0.162 -0.007 0.266 0.028 -0.834¢ -0.610 0.318
NW7 -0.571 -0.410 -0.313 -0.838 -0.264 0.455 0.164 0.525
NW8 -0.855 =-0.302 -0.495 0.675 -0.317 0.263 0.346 -0.687
Nw9 -0.734 0.419 -0.682 0.067 0.116 0.671 -0.620 -0.960

Compensated price elasticities

Variable LNP1 LNP3 LNP4 LNP5 LNP6 LNP7 LNP8 LNP9

w1 -0.189 0.061 0.125 0.004 0.030 -0.002 -0.034 0.005
NW3 0.215 =-0.521 0.33¢ -0.147 -0.002 -0.231 -0.072 0.423
Nw4 0.921 0.687 -0.687 0.760 0.038 -0.447 -0.474 -0.789
NW5 0.031 =-0.347 0.862 -0.331 0.214 -1.678 0.996 0.254
NW6 0.377 -0.009 0.063 0.317 0.069 -0.702 =-0.529 0.413
NW7 -0.004 =~-0.283 -0.236 -0.771 -0.219 0.600 0.2563 0.629
NW8 -0.233 ~-0.129 -0.411 0.748 -0.267 0.422 0.443 -0.573
NW9 0.047 0.636 -0.577 0.159 0.178 0.871 -0.497 -0.817

Aggregate Expenditure elasticities

Variable Share Direct Relative

w1 0.453 0.606 -0.013

NW3 0.126 1.398 ~-0.035

NW4 0.061 0.996 -0.009

NWE 0.063 1.148 0.161

NWé 0.036 1.142 -0.080

Nw7 0.116 1.251 0.028

NW8 0.071 1.373 0.041

Nwe 0.083 1.722 -0.008

Slutsky -matrix

Variable LNP1 LNP3 LNP4 LNPS LNP6 LNP7 LNP8 LNP9

NW1 -0.086 0.028 0.066 0.002 0.014 -0.001 =-0.015 0.002
NW3 0.027 =-0.065 °0.042 =-0.018 -0.000 -0.029 -0.009 0.053
w4 0.066 0.042 -0.042 0.046 0.002 -0.027 -0.029 -0.048
NWE 0.002 -~0.019 0.046 =-0.018 0.011 -0.089 0.063 0.014
NWé 0.014 -~0.000 0.002 0.011 0.002 -0.026 -0.019 0.015
NW7 -0.000 -0.029 -0.027 =~0.090 -0.026 0.070 0.029 0.073
NW8 -0.017 =-0.009 -0.029 0.053 -0.019 0.030 0.031 -0.04%1
NW9 0.004 0.053 -0.048 0.013 0.015 0.072 -0.041 -0.068




Table A6.1.i1 Aggregate elasticities of demand, nondurables, Year 1971.

Uncompensated price elasticities

Variable LNP1 LNP3 LNP4 LNPE LNPE LNP7 LNP8 LNPS
NW1i -0.416 -0.024 0.096 -0.032 0.008 -0.071 ~0.082 -0.050
NW3 -0.416 -0.665 0.268 -0.233 -0.083 -0.424¢ -0.183 0.329
Nwa 0.482 0.583 -0.739 0.726 0.002 -0.587 -0.567 -0.908
NW6 -0.452 -0.4656 0.762 -0.416 0.168 -1.737 0.879 0.1565
Nwe -0.141 -0.,156 -0.006 0.267 0.073 -0.873 -0.637 0.331
NW7 -0.461 -0.326 -0.248 -0.667 -0.210 0.152 0.127 0.416
NW8 -0.862 -0.229 -0.398 0.567 -0.266 0.220 0.108 -0.BBE
Nwo -0.670 0.3863 -0.803 0.063 0.100 0.566 -0.560 -0.978
Compensated price elasticities
Variable LNP1 LNP3 LNP4 LNPE LNP6 LNP7 LNP8 LNP9
Nwi -0.184¢ 0.043 0.130 -0.000 ©0.028 0.013 -0.033 0.004
NW3 0.142 -0.502 0.349 -0.157 -0.006 -0.223 -0.0683 0.460
Nw4 0.891 0.703 -0.679 0.781 0.037 -0.440 -0.480 -0.812
NWE -0.004 -0.334 0.827 -0.364 0.206 -1.576 0.975 0.260
e 0.322 -0.021 0.061 0.330 0.112 -0.706 -0.538 0.440
NW7 0.037 -0.182 =-0.177 -0.600 -0.168 0.328 0.232 0.530
Nu8 -0.164 -0.087 -0.327 0.624 -0.214 0.396 0.212 -0.440
Nwo 0.035 0.568 ~0.500 0.148 0.160 0.810 -0.409 -0.813
Aggregate Expenditure elasticities

Variable Share Direct Relative

NW1 0.406 0.571 -0.016

NW3 0.118 1.378 -0.038

N4 0.069 1,010 -0.010

NWB 0.066 1.106 0.154

NWE 0.0356 1.143 -0.084

NW7 0.146 1,206 0.022

Nwe 0.087 1.204 0.034

Nwe 0.085 1.738 -0.007

Slutsky -matrix

Variable LNP1 LNP3 LNP4 LNPS LNPE LNP7 LNP8 LNPO
w1 -0.076 0.017 0.062 -0.000 0.011 0.005 =-0.013 0.002
NW3 0.017 -0.069 0.041 -0.019 -0.000 -0.026 -0.007 0.054
NW4 0.062 0.041 -0.040 0.046 0.002 -0.026 -0.028 =-0.048
NWB ~-0.000 -0.019 0,046 -0.020 0.011 -0.087 0.064 0.014
NWe 0.011 -0.000 0.002 0.011 0.004 -0.024 =-0.019 0.015
Nw7 0.006 -0.027 -0.026 -0.088 =-0.025 0.048 0.03¢ 0.077
NW8 -0.014 -0.008 -0.028 0.064 -0.019 (0.034 0.018 -0.038
NW9 0.003 0.054 -0.048 0.014 0.015 0.077 -0.039 -0.077




Table A6.1.iii Aggregate elasticities of demand,
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nondurables, Year 1976.

Uncompensated price elasticities

Variable LKP1 LNP3 LNP4 LNP5 LNP6 LNP7 LNP8 LNPO
N1 -0.392 -0.031 0.101 -0.036 0.007 -0.073 -0.086 -0.052
W3 -0.413 -0.644 0.280 -0.238 -0.053 -0.437 -0.187 0.343
w4 0.457 0.562 -0.749 0.700 0.001 -0.571 -0.551 -0.881
NWE ~0.465 -0.487 0.808 -0.379 0.178 -1.834 0.932 0.166
NW6 -0.144 -0.160 -0,006 0.277 0.111 -0.906 -0.660 0.343
NW7 -0.420 -0.301 -0.232 -0.623 -0.196 0.077 0.119 0.389
NW8 -0.582 -0.206 -0.368 0.527 -0.237 0.213 0.045 -0.5i6
NW9 -0.642 0.329 -0.556 0.047 0.090 0.492 -0.518 -0.987
Compensated price elasticities
Variable LNP1 LNP3 LNP4 LNPS LNP6 LNPT7 LNP8 LNPY
NWi -0.176 0.033 0.135 -0.006 0.026 0.016 -0.034 0.007
NW3 0.108 -0.490 0.362 -0.167 -0.008 -0.227 -0.062 0.484
w4 0.855 0.680 -0.686 0.754 0.036 -0.410 -0.456 -0.773
NW5 -0.047 -0.364 0.873 -0.323 0.214 -1.666 1.032 0.279
NWe 0.298 -0.029 0.063 0.337 0.149 -0.726 -0.5564 0.463
NW7 0.039 -0.166 -0.160 -0.560 -0.156 0.262 0.229 0.513
NW8 -0.147 -0.078 -0.300 0.586 -0.200 0.388 0.149 -0.398
NWO 0.033 0.528 -0.450 0.139 0.148 0.766 -0.357 -0.805
Aggregate Expenditure elasticities

Variable Share Direct Relative

NW1 0.386 0.562 ~0.016

NW3 0.114 1.350 -0.039

NW4 0.061 1.031 -0.009

NW5 0.0562 1.082 0.163

NW6 0.033 1.144 ~0.087

Nw7 0.156 1.186 0.020

Nw8 0.092 1.126 0.032

NW9 0.104 1.7486 -0.007

Slutsky —matrix

Variable LNP1 LNP3 LNP4 LNP5 LKNP6 LNP7 LNP8 LNP9
NWi -0.068 0.013 0.052 -0.002 0.010 0.006 -0.013 0.003
NW3 0.012 -0.056 0.041 -0.019 -0.001 -~0.026 -0.007 0.055
NW4 0.062 0.041 -0.042 0.046 0.002 -0.025 -0.028 -0.047
NWS -0.002 ~0.019 0.046 -0.017 0.011 -0.087 0.054 0.015
W6 0.010 -0.001 0.002 0.011 0.005 -0.024 -0.018 0.015
NW7 0.006 =-0.026 -0.025 -0.087 -0.024 0.041 0.036 0.080
N8 -0.014 -0.007 -0.028 0.054 -0.018 0.036 0.014 -0.037
NW9 0.003 0.055 -0.047 0.0i4 0.015 0.080 -0.037 -0.084




Table A6.1.iv Aggregate elasticities of demand, nondurables, Year 1981.

Uncompensated price elasticities

Variable LNP1 LNP3 LNP4 LNPE LNP6 LNP7 LNP8 LNPS

NWi -0.361 -0.037 0.109 -0.039 0.006 -0.074 -0.088 -0.052
NW3 -0.420 -0.619 0.296 -0.249 -0.066 -0.460 -0.198 0.362
NWa 0.433 0.5290 -0.764 0.657 0.002 -0.533 -0.6156 -0.824
NWb -0.478 -0.509 0.851 -0.346 0.189 -1.927 0.983 0.176
NWe -0.161 -0.170 -0,007 0.299 0.196 -0.974 -0.711 0.368
NW7 -0.389 -0.286 -0.221 -0.589 -0.185 0.016 0.110 0.3656
NW8 -0.518 -0.184 -0.336 0.482 -0.216 0.198 -0.0456 -0.468
NW9 -0.5678 0.293 -0.500 0.042 0.080 0.427 -0.471 -0.998

Compensated price elasticities
Variable LNP1 LNP3 LNP4 LNPE LNP6 LNP7 LNP8 LNP9

Nwi -0.166 0.021 0.144 -0.013 0.023 0.014 -0.034 0.011
Nu3 0.067 -0.474 0.383 -0.182 -0.013 -0.239 -0.062 0.519
NW4 0.802 0.638 -0.698 0.707 0.033 -0.366 -0.412 ~-0.706
NW5 ~0.093 -0.395 0.920 -0.293 0.222 -1.762 1.090 0.301
Nwe 0.266 -0.046 0.068 0.366 0.232 -0.784¢ -0.595 0.503
NW7 0.032 -0.157 -0.144 -0.530 ~0.148 0.212 0.230 0.504
NW8 -0.124 -0.066 -0.264 0.536 -0.182 0.376 0.066 -0.341
NW9 0.040 0.478 -0.3%0 0.127 0.133 0.708 -0.298 -0.799

Aggregate Expenditure elasticities

Variable Share Direct Relative
NW1 0.363 0.536 -0.017
NW3 0.108 1.344 -0.041
w4 0.085 1.016 -0.009
NW6E 0.060 1.061 0.171
Nwée 0.031 1.150 -0.093
NW7 0.165 1.188 0.019
NW8 0.101 1.086 0.029
NW9 0.117 1.706 -~0.008

Slutsky -matrix

Variable LNP1 LNP3 LNP4 LNPE LNP6 LNP7 LNP8 LNP9

Nwi -0.060 0.008 0.062 =-0.006 0.008 0.006 -0.012 0.004
Nw3 0.007 -0.061 0.041 -0.020 -0.001 -0.026 =-0.007 0.066
NW4 0.062 0.041 -0.045 0.046 0.002 -0.024 -0.027 ~0.046
NWS -0.006 -0.020 0.046 -0.016 0.011 -0.087 0.064 0.015
NWs 0.008 =-0.001 0.002 0.011 0,007 =-0.024 -0.018 0.016
NW7 0.005 -0.,026 -0.024 -0.087 -0.024 0.0356 0.038 0.083
NW8 -0.013 -0.007 -0.027 0.054 -0.0i8 0.038 0.007 =-0.035
Nwo 0.006 0.066 -0.046 0.015 0.016 0.083 -0.035 -0.094




Table A6.1.v Aggregate elasticities of demand, nondurables, Year 1985.
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Uncompensated price elasticities

Variable LNP1 LNP3 LNP4 LNP5 LNP6 LNP7 LNP8 LNP9
NW1 -0.332 -0.047 0.113 -0.043 0.010 -0.076 -0.092 -0.052
NW3 -0.45¢ -0.568 0.332 -0.274 -0.062 -0.511 -0.218 0.404
Nw4 0.452 0.567 -0.752 0.693 0.001 -0.566 -0.546 -0.871
NWE -0.5603 -0.642 0.912 -0.299 0.202 -2.088 1.063 0.191
NWe6 -0.121 -0.137 -0.005 0.245 -0.024 -0.796 -0.581 0.301
NW7 -0.367 -0.263 -0.204 -0.548 -0.173 =-0.056 0.103 0.340
NW8 -0.484 -0.172 -0.320 0.466 -0.207 0.196 -0.078 -0.447
Nwo -0.532 0.268 -0.450 0.038 0.066 0.370 -0.430 -1.008
Compensated price elasticities
Variable LNP1 LNP3 LNP4 LNPS LNP6 LNPT LNP8 LNP9
Nu1 -0.163 0.004 0.144 -0.019 0.029 0.017 -0.037 0.015
NW3 0.010 -0.436 0.416 -0.211 -0.011 -0.272 =~-0.076 0.580
NW4 0.807 0.657 -0.688 0.741 0.040 -0.383 -0.437 -0.737
NWs -0.144 -0.441 0.976 -0.260 0.242 -1.873 1.163 0.327
Nwé 0.264 -0.028 0.064 0.297 0.019 -0.598 -0.463 0.447
N7 0.034 -0.149 -0.133 -0.493 -0.1290 0.152 0.226 0.492
NW8 -0.124¢ -0.071 -0.266 0.5i16 -0.167 0.381 0.033 -0.311
Nwo 0.045 0.431 -0.347 0.116 0.130 0.667 -~0.263 -0.789
Aggregate Expenditure elasticities

Variable Share Direct Relative

Nw1 0.344 0.518 -0.018

NW3 0.097 1.351 -0.046

Nw4 0.061 1.032 ~-0.009

NW5 0.047 1.043 0.183

NWe 0.038 1.119 -0.076

NW7 0.177 1.168 0.018

Nw8 0.105 1.045 0.028

Nwg 0.130 1.877 -0.005

Slutsky -matrix

Variable LNP1 LNP3 LNP4 LNPS LNPE LNP7 LNP8 LNP9
NW1 -0.063 0.004 0.060 -0.007 0.010 0,008 -0.013 0.005
NW3 0.001 -0.042 0.040 -0.021 -0.001 -0.026 -0.007 0.056
NW4 0.050 0.040 -0.042 0.046 0.002 -0.024 -0.027 -0.045
NW5 -0.007 -0.021 0.046 -0.012 0.011 -0.087 0.054 0.015
Nwe 0.010 -0.001 0.002 0.011 0.000 -0.023 -0.018 0.017
Nw7 0.006 -0.026 -0.023 -0.087 -0.023 0.027 0.040 0.087
Nws -0.013 -0.007 -0.027 0.064 -0.018 0.040 0.003 -0.033
NW9 0.006 0.056 -0.045 0.0i16 0.017 0.087 -0.033 -0.103




Table A6.1.vi Aggregate elasticities of demand,

nondurables, all data.

Uncompensated price elasticities

Variable LNP1 LNP3 LNP4 LNPS LNP6 LNP7 LNP8 LNP9S
NW1 ~0.326 -0.0456 0.113 -0.043 0.009 -0.078 -0.095 -0.066
NW3 -0.432 -0.598 0.312 -0.260 -0.069 -0.482 =-0.207 0.379
NwW4 0.466 0.678 -0.742 0.720 0.000 -0.591 -0.669 -0.908
NWE -0.444 -0.498 0.861 -0.3456 0.191 -1.899 0.986 0.186
NW6 -0.130 -0.139 -0.006 0.240 -0.034 -0.794 -0.579 0.2956
Nw7 -0.361 -0.262 -0.203 -0.548 -0.173 -0.061 0.106 0.342
NW8 ~0.483 -0.173 -0.320 0.467 -0.206 0.199 -0.074 -0.446
Nwo -0.536 0.267 -0.4564 0.035 0.066 0.372 -0.437 -1.006
Compensated price elasticities
Variable LNP1 LNP3 LNP4 LNPB LNP6 LNP7 LNP8 LNPO
NW1 -0.149 0.009 0.144 -0.017 0.029 0.014 -0.040 0.011
NW3 0.023 -0.469 0.392 -0.192 -0.007 -0.244 -0.0656 0.583
NW4 0.820 0.688 -0.681 0.772 0.041 -0.406 -0.459 -0.773
NW5 -0.115 -0.398 0.908 -0.296 0.228 -1.727 1.089 0.310
Nwe 0.258 -0.020 0.062 0.298 0.010 -0.591 -0.458 0.443
NW7 0.028 -0.143 -0.135 -0.490 -0.129 0.153 0.226 0.491
NW8 -0.133 -0.066 -0.2569 0.519 -0.167 0.382 0.036 -0.313
NW9 0.036 0.442 -0.364 0.120 0.131 0.672 -0.259 -0.788
Aggregate Expenditure elasticities

Variable Share Direct Relative

NW1 0.338 0.519 -0.018

NW3 0.103  1.347 -0.043

NW4 0.089 1.048 -0.010

W5 0.050 0.974 0.170

NWe 0.038 1.147 ~-0.076

NW7 0.177 1.151 0.018

NW8 0.106 1.036 0.028

NW9 0.129 1.692 -0.005

Slutsky -matrix

Variable LNP1 LNP3 LNP4 LNPE LNP6 LNP7 LNP8 LNPO
Nw1 -0.050 0.003 0.049 -0.006 0.010 0.006 -0.013 0,004
NW3 0.002 =-0.047 0.040 -0.020 -0.000 -0.025 -0.007 0.057
NWa 0.048 0.041 -0.040 0.046 0.002 -0.024 -0.027 -0.046
WS -0.006 -0.020 0.046 -0.015 0.011 -0.087 0.056 0.016
NWe 0.010 =-0.000 0.002 0.011 0.000 -0.023 -0.018 0.017
NW7 0.005 =~0.025 =-0.024 -0.087 -0.023 0.027 0.040 0,087
NW8 -0.014 -0.007 -0.027 0.055 -0.018 0.040 0.004 -0.033
NWo 0.005 0.067 =-0.046 0.015 0.017 0.087 -0.033 -0.102
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