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Abstract

Tom Kornstad

Empirical Life Cycle Models of Labour Supply and Consumption
Doctoral dissertation at the University of Oslo, Department of Economics,
defended 9th April 1994

Social and Economic Studies 91 • Statistics Norway 1995

The main purpose of this doctoral thesis is to formulate and estimate a structural life cycle model of
married couples' labour suppy and consumption of durables and non-durables.

According to the life cycle theory households' labour supply and consumption of durables and non-
durables are determined conditional on the household's expectations about future prices and variables
influencing future preferences. This fact indicates that estimation of life cycle preferences requires very
much data for each household, and chapter 2 explores whether estimation of structural life cycle models
is possible in the absence of some of these data. The chapter presents the various approaches, and
points at the data requirements and what kind of simplifications with respect to model specifications
that are invoked. These simplifications may include intertemporal as well as intratemporal separable pre-
ferences, no binding constraints in the credit market, and no income taxation. The chapter concludes
that we cannot be satisfied with the state of the art.

Chapter 3 presents and estimates a structural life cycle model of married couples' labour supply and con-
sumption of durables and non-durables. This chapter takes the problems with measuring consumption
of durables and non-durables seriously, and it allows habit formation in the demand for durables. Using
Hicks' composite good theorem, we can estimate a life cycle model of a particular aggregate of durables
and non-durables (and leisure) without observing the consumption of non-durables, and the price and
the physical stock of durables. The estimation uses data from the Income Distribution Survey 1988,
1989 and 1990, and the Standard of Living Survey 1991. The estimation results suffer from the fact that
the time span of the panel data is too short.

In a fourth chapter of the thesis it is studied how the Norwegian income tax system distorts relative user
prices between housing, non-durables and leisure for married and unmarried wage income earners. The
analysis is based on a general life cycle model where households are assumed to have perfect certainty
with respect to future prices and preferences. Empirical calculations are presented for 1985/86, 1989/90
and 1992193, and they include average distortions and distribution tables. Even after the 1992 tax re-
form the income tax system still distorts some of the relative user prices considerably. This chapter of the
thesis has been omitted in this volume.

Keywords: Consumption, durables, empirical, labour supply, life cycle models.
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Sammendrag

Tom Kornstad

Empiriske livslopsmodeller for arbeidstilbud og konsum
Doktoravhandling fra Sosialøkonomisk institutt, Universitetet i Oslo,
forsvart 9. april 1994

Sosiale og økonomiske studier 91 • Statistisk sentralbyrå 1995

I mange problemstillinger er det viktig A ha en god forståelse av hvordan husholdenes arbeidstilbud, kon-
sum og sparing bestemmes i et livslopsperspektiv.  Ifølge sosialøkonomisk teori kan dette analyseres med
bakgrunn i livslopsmodellen for konsum og arbeidstilbud. Denne modellen sier i grove trekk at hushol-
det tilpasser konsum og arbeidstilbud slik at forventet verdi av den samlete neddiskonterte nytten over li-
vet blir maksimert, gitt at det over livet er samsvar mellom inntekter og utgifter.

Avhandlingen består av tre kapitler som kan leses separat, og en innledning. Det siste kapittel er kort
omtalt nedenfor, men er ikke tatt med i denne utgaven. Formalet med avhandlingen er i forste rekke a
spesifisere og estimere en (strukturell) livslopsmodell for ektefellers arbeidstilbud og konsum av varige og
ikke-varige goder. Avhandlingen legger stor vekt på det metodiske aspektet ved estimering av livslops-
modeller, og for å få en tett kobling mellom teori og empirisk modell tas det utgangspunkt i strukturelle
livslopsmodeller som estimeres fra mikrodata. I sin mest generelle form krever denne type modeller
livslopsdata for konsum og arbeidstilbud og de tilhørende prisene for hvert enkelt hushold. Siden slike
datasett ikke eksisterer i noe land, har det de siste 15 årene vært lagt ned mye arbeid internasjonalt i å
finne fram til spesifikasjoner som egner seg for estimering gitt de dataene man har. I kapittel 2 "Empiri-
cal approaches for analysing consumption and labour supply in a life cycle perspective" gjøres det rede
for disse spesifikasjonene og hvilke forenklinger de bygger på. For eksempel blir skattesystemet ofte sett
bort fra, og det gjøres vanligvis sterke a priori forutsetninger om separabilitetsegenskapene til nyttefunk-
sjonen.

Konklusjonen på dette kapitlet er at det ennå er langt fram for vi kan være fornøyd med modellspesifika-
sjonene som typisk brukes i empiriske livslopsmodeller, og de empiriske resultatene på dette feltet.

Basert på kunnskapen fra oversiktskapitlet gjøres det i kapittel 3 "An empirical life cycle model of sa-
vings, labour supply and consumption without intertemporal separability" et forsok på A formulere og
estimere en strukturell livslopsmodell for konsum av varige og ikke-varige goder og fritid for ektepar. Det
pekes på at det er store praktiske og teoretiske problemer knyttet til måling av konsum av varige og ikke-
varige goder, og hva som skal menes med enhets-prisen på varige goder som for eksempel bolig. Gitt at
man tar disse problemene alvorlig, står  man overfor store måleproblemer ved estimering av denne type
modeller.

Kapitlet peker også på at vanedannelse kan ha betydning for etterspørselen etter varige goder, og viser
at dersom man tar hensyn til dette er det mulig A finne fram til en spesifikasjon som kan brukes til a esti-
mere preferansene for fritid og et spesielt Hicks-aggregat av varige og ikke-varige goder. En viktig egen-
skap ved denne spesifikasjonen er at den kan estimeres uten observasjoner av konsum av ikke-varige
goder og prisen på, og den fysiske beholdningen av, varige goder.
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Modellen estimeres ved hjelp av data fra Inntekts- og formuesundersøkelsene 1988 til 1990 og Levekårs-
undersokelsen 1991. På basis av estimeringsresultatene er det i prinsippet mulig å simulere ektefellers
valg av fritid, konsum og sparing over livsløpet gitt ulike forutsetninger om skattesystem, lønnssatser og
konsumpriser over livet. Estimatene på de ulike koeffisientene er imidlertid av varierende kvalitet. Arsake-
ne til dette kan være flere, men en av grunnene skyldes at Norge har for dårlig med paneldata på dette
området.

Ifølge økonomisk teori kan skattesystemet gi opphav til uheldige effektivitetsvirkninger ved at det vrir de
relative prisene mellom ulike goder. Dette er emnet for den siste delen av avhandlingen, som er publi-
sert i Kornstad (1994) under tittelen "Vridninger i lønnstakernes relative brukerpris på bolig, ikke-varige
goder og fritid" . Arbeidet tar utgangspunkt i en generell livslopsmodell for konsum av ikke-varige
goder, bolig og fritid, og forsøker å tallfeste hvordan omleggingen av skattesystemet fra 1986 til 1992
har endret den gjennomsnittlige vridningen i de relative prisene mellom disse godene. Beregningene er
basert på data for lønnstakere hentet fra Inntekts- og formuesundersøkelsene 1985, 1986, 1989 og
1990. Ved å framskrive 1990-dataene til 1992 og 1993 er det gjort beregninger for 1992/1993. De indi-
kerer at den gjennomsnittlige vridningen i de relative brukerprisene på bolig og ikke varige goder, og på
bolig og fritid, er redusert fra 1985/86 og fram til 1992/93, bade for enslige lønnstakere og for banns-
takerektepar. Størrelsen på reduksjonene avhenger av forutsetningen om prisutviklingen på boliger fra
et år til det neste. Skatteomleggingen fra 1986 til 1992 har redusert den gjennomsnittlige vridningen i
de relative prisene på ektefellers fritid, og på fritid og ikke-varige goder. For alle prisforholdene gjelder
det at skattesystemet fortsatt gir tildels betydelige vridninger. Omleggingen av skattesystemet fra
1985/86 og fram til 1992/93 har redusert spredningen i vridningene i den relative brukerprisen mellom
bolig og ikke-varige goder.

Emneord: Arbeidstilbud, konsum, livslopsmodell, varige goder, økonometri.
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1. Introduction and Overview

1.1 introduction
The starting point of my doctoral thesis was the belief that if we were able to
predict households' labour supply and financial savings decisions,
microsimulation models for personal income taxation could be improved. The
life cycle theory is considered since saving is an intertemporal allocation
problem.

Apart from this introductory chapter, the thesis consists of three separate
chapters that are all dealing with labour supply and consumption in a life cycle
perspective; The first of these chapters, chapter two, surveys the approaches for
estimating structural life cycle models from micro data. This chapter provides a
background for assessing chapter three, where a structural life cycle model of
married couples' labour supply and consumption of durables and non-durables
is formulated and estimated. In chapter four I planned to use these estimation
results for simulating the change in the efficiency loss due to the change in the
personal income tax system from 1986 to 1992, but since the estimates became
quite impresise, a less comprehensive approach was chosen. Chapter four
studies the changes in the distortions in relative user prices between housing,
consumption of non-durables and leisure due to the changes in the personal
income tax system from 1986 to 1992. This chapter is, however, omitted from
this volume since it is written in Norwegian, but below we give a summary of
the chapter.

1.2 Estimation Methods
In order to simulate financial savings, demand relations for durables as well as
non-durables, and labour supply for both spouses, should be developed. The
decisions about all these variables are taken simultaneously, and conditional on
the couple's expectations about future (after-tax) prices of these goods. These
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facts and the fact that the relationship between future prices and current
demand may vary across life cycle, indicate that estimation requires a lot of
data that must be observed for each couple. Since there is no data set that
includes all these variables it becomes important to explore whether estimation
is possible in the absence of some of these data. In fact, during the last decade
a lot of effort has been spent trying to estimate structural' life cycle models of
labour supply and consumption from the micro data actually available. Chapter
2, "Empirical Approaches for Analysing Consumption and Labour Supply in a
Life Cycle Perspective", surveys these approaches.

The chapter is divided into two parts. In the first part households are assumed
to have perfect certainty2 about future prices and variables influencing future
preferences, whereas this assumption is relaxed in the second part.

Within the perfect certainty framework it is being assumed that the household
chooses labour supply and consumption of durables and non-durables in order
to maximize (discounted) lifetime utility subject to a set of constraints. Three
approaches are presented:

• MaCurdy's fixed effect approach, cf. MaCurdy (1981),

• Reduced form estimation, cf. Bover (1989,1991), and

• Two-stage budgeting, cf. Blundell and Walker (1986) and Blundell (1987).

Empirical life cycle models typically assume intertemporal separable
preferences, and with one exception this is the case in all approaches presented
in this chapter. Using duality relationships or various combinations of the first
order conditions, it is then possible to find specifications that include a single
conditioning variable summarising past decisions and future anticipations.
Choosing a specification that includes an appropriate conditioning variable it
may at least be possible to estimate life cycle consistent models from the micro
data actually available. Most empirical works on the life cycle model use this
approach, and MaCurdy's fixed effect approach and the use of the two-stage
budgeting theory are two important examples.

MaCurdy (1981) assumes that preferences are both inter- and intraperiod
separable, and uses the marginal utility of wealth constant demand functions as

'By a structural life cycle model I mean that the equations used for estimation are based
on an explicit parameterization of the utility function. In addition there must be a "tight
connection" between theory and the empirical specification used for estimation.

'With perfect certainty about future prices the life cycle literature really mean perfect
certainty. In particular this means that households are not allowed to substitute expected
prices into the wealth constraints and update these expectations each time they get new
information about the future.

10
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basis for estimation (and simulation). These equations include the marginal
utility of wealth at age zero as the conditioning variable, but from an empirical
point of view it is a problem that this variable is latent. MaCurdy, however,
recognizes that it can be treated as a fixed effect in the estimation, and by
ingenious choice of the utility function it can be eliminated by first differencing
the demand functions. This transformation introduces last year's labour supply
or consumption as the conditioning variable, and the parameters determining
the demand responses to evolutionary price changes along a given lifetime price
path can be estimated from panel data for (at least) two periods on only the
quantity of the actual good and its price. The interest rate for the last period
must also be observed.

In order to explain differences in labour supply across persons, MaCurdy
estimates the reduced form equation for a variable related to the marginal
utility of wealth. This estimation requires individual life cycle data for all
exogenous variables in the model including future prices and the terminal stock
of assets, and in contrast to the first stage the second stage of MaCurdy's fixed
effect approach is then very data demanding. In addition, the true relationship
must typically be approximated since, with only a few exceptions, it is
impossible to find the reduced form equation.

MaCurdy's fixed effect approach imposes strong restrictions on within-period
preferences and intertemporal substitution for the high income groups, cf.
Browning, Deaton and Irish (1985) and Blundell (1987). In order to reduce
restrictions, Blundell and Walker (1986) and Blundell (1987) suggest to use the
two-stage budgeting theory for estimation. According to this approach,
within-period demands can be written as a function of within-period full
income3 and all the current goods prices. Full income now serves as a sufficient
statistic for the effects of future anticipations and past decisions on current
demand, and the y-conditional demands can be estimated from cross sectional
data only.

This approach typically also relies on the following results:

• If preferences are intertemporally separable, within-period allocation of
full income to individual goods is completely characterized by the indirect
utility function, cf. Gorman (1959).

• Flexible specifications of indirect within-period utility relax a number of
the important underlying restrictions on within-period preferences in
MaCurdy's fixed effect approach such as intraperiod separability.

'Full income is defined as the sum of the value of the household's initial time endowment,
and its interest incomes and asset decumulation.

11
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• Applying Roy's identity to indirect within-period utility, we get
y-conditional demands, cf. Deaton and Muellbauer (1989).

This means that it is possible to combine explicit parameterizations of indirect
utility with the use of y-conditional demands in order to make quite flexible
within-period demand systems that can be estimated from cross sectional data.

The allocation of goods across time is determined by the monotononic
transformation of within-period utilities. To estimate these parameters, the
Euler-equation4 for the marginal utility of wealth can be exploited, cf. Blundell
(1987). This estimation requires panel data for at least two periods on full
income and all goods prices, in addition to observation of the interest rate for
the last periods. Compared to MaCurdy's fixed effect approach that restricts
the specification of the monotonic transformation of within-period utilities, this
approach allows for more flexible preferences. However, lack of panel data for
many periods may reduce the theoretical advantage in empirical applications.

Boyer (1989,1991) assumes that preferences are both inter- and intratemporal
separable and of the so called Stone-Geary type, and that there is no income
taxation. In this case it is possible to find the reduced form equation for the
marginal utility of wealth, and by substituting this equation into the Frisch
demand functions, it is possible to find the reduced form demand functions.
This means that the household's optimization problem can be given an explicit
solution, and in that respect the Stone-Geary function has favourable
properties. Estimating reduced form demand equations is, however, very data
demanding since it does not make use of a conditioning variable summarising
future anticipations and historic decisions, and for empirical purposes this
approach requires additional simplifying assumptions about future anticipations.

In the second part of this chapter it is assumed that households are uncertain
about future prices. Households are now beeing assumed to choose current
labour supply and consumption in order to maximize the expected value of the
time-preference-discounted sum of total utility subject to a set of constraints for
each period. Within this framework the following approaches are presented:

• MaCurdy's fixed effect with uncertainty, cf. MaCurdy (1985),

• Marginal rates of substitution functions, cf. MaCurdy (1983) and Altonji
(1986), and

• The generalized method of moments, cf. Hansen and Singleton (1982).

4The Euler equation for the marginal utility of wealth is included in the first order
conditions for optimum.

12
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MaCurdy (1985) modifies MaCurdy (1981) by allowing for uncertainty about
future prices and variables influencing future preferences. We only notice that
the fixed effect approach cannot easily be modified to allow for uncertainty.

The use of the marginal rate of substitution functions for estimation is another
example of specifications where the effects of future anticipations and historic
decisions are represented by a single conditioning variable. This approach
exploits the fact that if we combine the first order conditions for two goods, for
instance current consumption and current labour supply, the marginal utility of
wealth-variable is eliminated. Then the consumption of another good acts as
the conditioning variable. This approach is then very similar to the first stage
of MaCurdy's fixed effect approach, but if we only use the first order conditions
for current goods, estimation only requires cross sectional data (on prices and
consumption of at least two goods, in addition to taste shifter and instrument
variables). It also differs from the fixed effect approach in the sense that while
the fixed effect approach does not yield estimates of the parameters of
preferences, but uses the estimated relationships directly for simulation, the
marginal rate of substitution function approach estimates the parameters of
preferences.

As it is laid out above the marginal rate of substitution functions approach
cannot be used for estimation of intertemporal preferences. To do this,
MaCurdy (1983) suggests to use the Euler equation for the marginal utility of
wealth. This approach is quite similar to the approach described for the
two-stage budgeting procedure, but estimation now requires panel data for at
least two periods for all goods influencing preferences, in addition to the interest
rate for the last observation period.

The basic idea underlying the generalized method of moments (GMM), is that
life cycle models yield a set of stochastic Euler equations that characterise
optimum 5 . One example is the equation we obtain when we substitute the first
order conditions for consumption into the Euler equation for the marginal
utility of wealth. These equations imply a set of population orthogonality
conditions that depend on the parameters of the preferences and some
observable variables. By setting the sample analogies equal zero (according to a
certain metric), we can estimate the parameters of preferences.

GMM can be applied on time series, and cross section or panel data sets where
the orthogonality conditions are based on averages across consumers, and is
then quite flexible with respect to data specifications. According to Hansen and
Singleton (1982), the estimator is consistent even in the case that the error

5The method for estimating intertemporal preferences in the marginal rate of substitution
function approach can be viewed as a variant of this approach.

13
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terms of the orthogonality conditions are serially correlated and the instruments
are not exogenous, but only predetermined. The approach includes a method
for minimizing the asymptotic covariance matrix of the estimator, and a
statistic for testing model specifications.

Despite the fact that there are many approaches that can be used for estimating
life cycle models, the chapter concludes that we cannot be satisfied with the
current stage of development and knowledge of the empirical life cycle model of
labour supply and consumption. This is due to lack of good life cycle data for
separate households, that force econometricians to make unrealistic
assumptions. For instance, most works are incomplete in the sense that they do
not account for the simultaneity in the determination of labour supply and
consumption, and in particular the consumption of durables. Most analyses also
treat income taxation and the existence of bequests and inheritances
superficially, and the possibilities of constraints in various markets are often
disregarded. If such constraints are considered, the model is typically estimated
from a subsample of unconstrained households without trying to correct for the
possible estimation bias.

1.3 A Particular Empirical Specification
Based on the knowledge from the survey, in the third chapter a structural life
cycle model of married couples' labour supply and consumption is formulated
and estimated on Norwegian data. The chapter, titled "An Empirical Life Cycle
Model of Savings, Labour Supply and Consumption without Intertemporal
Separability", focuses on the following facts:

• There are important measurement errors in the of consumption of
non-durables since our annual data are based on accounts of expenditures
over a few (two) weeks. This problem is typical not only for Norwegian
data, but is a general problem.

• Measuring consumption and stock of durables is also problematic, and
this is due to lack of theoretical foundations as well as practical concerns.
These measurement problems imply that it is problematic to measure the
purchase price of homogeneous durable goods and the user price of
durables.

• Empirical life cycle models typically ignore the consumption of durables.
If it is included, the measurement problems are typically not taken
seriously.

The measurement problems are important since the estimates may be biased if
the standard first order conditions for non-durables and durables are estimated

14
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without taking account of these errors. Ignoring consumption of durables
implies that the model cannot be used for simulation of financial saving
decisions.

Most empirical analyses assume intertemporal separability, but Muellbauer
(1986) claims that "Evidence from the estimation of complete systems of
demand equations suggests that habits or persistence effects play an important
role in consumer behaviour.". In view of this evidence we introduce habits in
the demand for durables. Habits are typically taken account of by assuming
that when we are evaluating preferences, consumption should be measured
relative to a reference consumption bundle, cf. Houthakker and Taylor (1970)
and Phlips (1972,1974). According to our hypothesis the reference consumption
bundle is last year's demand for durables after deduction for physical and what
we label psychological depreciation. Psychological depreciation is introduced to
account for the assumption that households may want to change the stock of
durables even if it is in good condition from a physical point of view. In this
case the psychological deprecation parameter is positive. It may also be
negative, which may indicate that durables are of sentimental value. The fact
that psychological depreciated goods can be sold in the marked while physical
depreciated goods cannot, makes the distinction between psychological and
physical depreciation important.

An advantage of this specification is the following: If we are not particularly
interested in the separate demand for durables and non-durables, we can
aggregate these two goods using the Hicks composite good theorem.
Rearranging the specification of this aggregate, the composite good can be
expressed as the sum of the cash flow related to purchases of durables and
non-durables, and the psychological depreciation parameter multiplied by the
value, D, of last year's demand for durables measured in the prices of the
current period. It also follows that if we observe the household's income
components, interest expenditures, financial savings and D, we observe those
components of the composite good that are being needed for estimation of the
psychological depreciation parameter and the other parameters determining the
preferences for the composite good. This means that we can estimate a life
cycle model of labour supply and consumption of durables and non-durables
without observing the consumption of non-durables, and the price and physical
stock of durables.

The model formulation assumes that within-period preferences and the
monotonic transformation of these are of Box-Cox type. Within-period
preferences are being estimated by the marginal rate of substitution functions
approach, and in order to take account of economic and statistical endogeneity
in the estimation, a number of instrumental equations have been introduced.
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All these equations are treated as a simultaneous equation system in the ML
estimation.

This estimation only requires cross sectional data, and the data are obtained by
linking the Income Distribution Survey 1990 with the Standard of Living Survey
19916 . In order to obtain data on financial savings, these data are also linked
with the Income Distribution Survey 1989.The data are linked on the basis of
personal identification numbers, and they are collected by Statistics Norway.

In order to estimate the parameters of the monotonic transformation of
within-period preferences, the first order conditions for the composite good are
substituted into the Euler equation for the marginal utility of wealth. This
estimation requires panel data for two periods, and the data are obtained by
linking the Income Distribution Survey 1989 and 1990, the Standard of Living
Survey 1991, and an additional postal survey conducted as a part of the Income
Distribution Survey 1989. In order to obtain data on financial savings, these
data are also linked with the Income Distribution Survey 1988. A ML
procedure is used for estimation.

Life cycle studies of labour supply and consumption typically find that the
intertemporal substitution elasticities are small, and the estimates are often not
significantly different from zero, cf. MaCurdy (1981),.Altonji (1986) and
Attanasio and Browning (1993). With some exceptions, our estimates are not
very precise either. In particular, the parameter for psychological depreciation
is not statistically significant at a five percent significance level. One reason
may be that the data situation that does not allow modelling person specific
fixed effects in the wage equations and the other instrumental equations.
Another reason may be the non-linearity in the two equations based on the
marginal rate of substitution functions. The fact that the samples are quite
small (327 and 229 observations) is also of importance.

1.4 Price Distortions from Income Taxation
The last part of the dissertation is written in Norwegian, and is therefore
omitted from this volume. The original paper is presented as essay 3 in
Kornstad (1994), and a modified version of the paper is published in Kornstad
(1993). In English the title would be "Distortions in relative user prices
between housing, non-durables and leisure for wage earners 1985/86 to
1992/93". The paper studies how the personal income tax system changes
relative prices between various goods.

6The Standard of Living Survey 1991 includes data on wage rates, labour supply and the
market value of durables in 1990 (not 1991).
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In Norway there are two types of personal income taxes called net and gross
income taxes. The net income taxes correspond to the traditional taxation of
incomes after deductions of interest expenditures and other expenses. In
contrast, the gross income taxes for wage earners are levied on gross labour and
pension incomes without any types of income deductions. In particular, interest
expenditures and interest incomes are not included in the tax base of these
taxes.

During the period 1987 to 1992 the taxation of net incomes relative to gross
labour and pension incomes changed several times, and the analysis reviews the
most important changes in the taxation of wage income earners from 1986 to
1990 and 1992. This review shows that while the marginal net income tax rates
have been reduced from 1986 to 1992, the gross income tax rates have
increased, in particular for the high income groups. The reductions in the
highest marginal net income tax rates have been substantial, from a maximum
of 66.4 percent in 1986 to 28.0 percent in 1992. And while about 55 percent of
the wage earners had a rate of 30.0 percent or more in 1992, the tax rate is 28.0
percent (for all incomes in excess of 21700/43400 Nkr) in 1992.

These changes in the net income tax rates have also reduced the marginal
taxation of interest incomes and deductions from 1986 to 1992, since interest
incomes and expenditures are not included in the gross income taxation.

The highest marginal tax rates on wage incomes have also been reduced from
1986 to 1992, but since the marginal gross income taxation of high incomes
have increased, this reduction is considerably smaller than the reduction in the
highest marginal net income tax rates. The empirical calculations in the paper
also show that the marginal taxation of wage incomes has not been reduced for
all income groups.

The changes in the relative taxation of wage versus interest incomes imply that
the distortions in the relative user prices between housing and consumption of
non-durables and leisure may have changed from 1986 to 1992. The changes in
the marginal taxation of high wage incomes relative to lower wage incomes may
change the distortions in the relative (user) price of female and male leisure for
married couples. The analysis studies these problems both theoretically and
empirically. The user prices are derived from a general life cycle model of labour
supply and consumption of non-durables and housing. The model specification
includes income taxation of wage and interest incomes as well as stipulated
income from housing, and households are assumed to have perfect certainty
about future prices and preferences. Taxation of wealth is ignored.

17



Empirical Life Cycle Models	 Social and Economic Studies 91

Ideally, the analysis requires comparisons of the actual relative user prices (net
of taxes), and the relative user prices in the case that there is no income
taxation. To do that we need a microsimulation model that can simulate the
prices in an economy with no income taxation. The model should include both
demand and supply of the actual good. The life cycle model in essay two can
principally be used for simulation of demand, but since most of the estimates
are quite imprecise, and the simulation algorithm is not developed yet, this
model is not used. Since we do not either have access to a model that can
simulate supply, we approximate and assume that pre-tax prices are
independent of the actual tax system. The analysis suffers from this fact, and
all results should then be viewed as approximates.

The theoretical analysis discusses the signs of the partial derivatives of the
relative user prices with respect to the net and gross income tax rates. The
empirical calculations use data from the Income Distribution Survey 1985, 1986,
1989 and 1990. By projecting the Income Distribution Survey 1990, calculations
for 1992/93 are also presented. The data are tax return data collected from
taxation authorities, and we present figures for married and unmarried wage
income earners. The figures include average distortions and distribution tables.

The calculations show that even after the income tax reform in 1992, income
taxes still distort some of the relative user prices considerably. The average
distortion in the relative user prices between married males' leisure and the
couples' consumption of non-durables is about 55 percent of the relative pre-tax
user prices in 1992. It is in favour of leisure, and it has been reduced from 1986
to 1992.

The average distortion in the relative user price between housing and
non-durables, and between housing and leisure, has been reduced from 1985/86
to 1992/92, for both unmarried and married wage income earners. The order of
the reduction depends largely on the assumption about how the tax system
influences purchase prices of housing. If prices are independent, the calculations
show that the change in the tax system from 1985/86 to 1992/93 has increased
the average distortion in relative user prices between housing and leisure for
married females and males respectively.

According to the calculations, the change in the taxation of wage incomes from
1986 to 1992 has reduced the average distortion in the relative price between
female and male leisure slightly. The average distortion was about 17 percent of
relative pre-tax prices in 1992, and the distortion subsidizes male leisure
compared to female leisure.

18



Social and Economic Studies 91	 Empirical Life Cycle Models

If pre-tax prices are independent of the tax system, the calculations also show
that the distribution of the distortions in the relative user price between
housing and non-durables, and between married couples' leisure, has been more
narrow from 1985/86 to 1992/93. The reason is that the progression in the
marginal taxation of both net and gross income has been reduced. In contrast,
the distortions in the relative user price between housing and leisure for married
couples still vary much across couples. This is due to the fact that the reduction
in the marginal taxation of interest incomes typically has been larger than the
reduction in the marginal taxation of wage incomes.
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2. Empirical Approaches for
Analysing Consumption and
Labour Supply in a Life Cycle
Perspective

2.1 Introduction
The life cycle model introduced by Modigliani and Brumberg in 1955 has
received a great deal of attention both for its micro and macro economic
implications, and during the last decade many have tried to estimate structural
life cycle models from micro data, cf. King (1985). A major problem in that
respect is that, ideally, estimation of the life cycle model for consumption and
labour supply requires complete, individual lifetime data for a great variety of
variables such as household labour supply, the consumption of durables and
non-durables, and their expected prices; including interest and income tax rates.
Today there is no single data set containing all these variables, and the
challenge has been to find specifications that can be used for estimation and
identification of the parameters of interest given the data actually available.
This chapter surveys the approaches for estimating structural life cycle models
of labour supply and consumption demand from micro data. Today there exists
no comprehensive survey within this field. The papers of Browning, Deaton and
Irish (1985), and Blundell (1987), may be regarded as survey papers, but they
omit important approaches such as the one based on the marginal rate of
substitution functions, cf. MaCurdy (1983), and the general method of
moments, cf. Hansen and Singleton (1982). They also lack a discussion of the
problems related to MaCurdy's fixed effect approach when households are
uncertain about future prices and preferences, and they don't consider personal
income taxation.

Apart from this introductory section and the concluding section, this chapter is
divided into three main parts. In Section 2.2 we discuss the theoretical
framework for the econometric approaches presented in the two subsequent
sections. We present (Section 2.2.1) the life cycle model, cf. Ghez and Becker
(1975) and King (1985), including the specification of the wealth constraints
and the specification of possible constraints in the labour and credit markets.
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Then we discuss (Section 2.2.2) the first order conditions in the case that the
household has perfect knowledge of future prices, and point out that, in a life
cycle context, the relevant demand functions are the Frisch demands, cf.
MaCurdy (1981), Heckman (1974,1976), Browning, Deaton and Irish (1985) and
Blundell (1987). From an econometric point of view, the usefulness of these
functions depends on the separability properties of preferences and wealth
constraints, cf. Blomquist (1985), and Section 2.2.3 focuses on this fact. This
section also focuses on the fact that the practical usefulness of the intertemporal
separability assumption may depend on whether there are binding constraints
in the credit market in current as well as historic periods.

From Section 2.3 we consider in more details the various approaches for
estimation. First we look at methods that assume that households have perfect
knowledge of future prices. We start out (Section 2.3.1) with MaCurdy's fixed
effect approach, cf. MaCurdy (1981). This approach uses a (first) differenced
marginal utility of wealth constant function for estimation of the parameters
determining the responses of labour supply to evolutionary wage changes along
a given life cycle wage path. In order to explain differences in labour supply
across persons, the reduced form equation for a variable related to the marginal
utility of wealth, must be estimated. This estimation requires individual life
cycle data, and the true relationship must typically be approximated. Section
2.3.1.1 presents the model specifications, and in Section 2.3.1.2 we view the
estimation procedure. The restrictions on intra- and intertemporal preferences
are discussed in Section 2.3.1.3, and in Section 2.3.1.4 we discuss this approach
in the case that we allow for income taxation.

Section 2.3.2 reviews how Heckman and MaCurdy (1980) modify MaCurdy's
fixed effect approach by taking the decision of working or not into consideration
in the estimation. By estimating a bivariate fixed effect Tobit model, they
eliminate the possible selection bias from using a subsample of households that
are unconstrained in the labour markets.

In Section 2.3.3 we discuss some works that utilize the fact that if preferences
can be described by a Stone-Geary function, it is possible to find an explicit
solution for the marginal utility of wealth and the reduced form equations for
the household's decision variables, cf. Boyer (1989,1991) and Biørn (1981). A
weakness of this approach is that estimation essentially requires complete life
cycle data, and the approach typically requires rather arbitrary assumptions
about lifetime prices; including interest and income tax rates.

We end (Section 2.3.4) the review of approaches that assume perfect certainty,
by discussing how the interpretation of the life cycle theory as a two-stage
budgeting process can be used for estimation of within-period preferences from
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cross section data only, cf. Blundell (1987). Provided that panel data are
available for all goods, this approach can also be combined with a particular use
of the Euler equation for the marginal utility of wealth, for estimation of the
remaining parameters of lifetime utility.

In Section 2.4 we turn to methods that assume that households do not have
perfect knowledge of future prices and variables influencing future preferences.
These methods assume that households maximize expected utility. First we
comment on the changes in the optimization problem and the first order
conditions compared with the perfect certainty case (Section 2.4.1). Section
2.4.2 discusses the problems related to MaCurdy's fixed effect approach in the
uncertainty case, cf. MaCurdy (1985). This approach turns out to be
unsuccessful, and in (1983), MaCurdy suggests to use the marginal rate of
substitution functions for estimation (Section 2.4.3). This method allows for
more flexible functional forms than the fixed effect approach, but it requires that
we observe prices and consumption for at least two goods for the current period.

The marginal rate of substitution functions cannot be used for estimation of the
parameters of the transformation of within-period utilities, but MaCurdy shows
that this estimation is possible through a particular use of the Euler equation
for marginal utility of wealth. This method can be viewed as a special case of
the generalized method of moments, cf. Hansen and Singleton (1982). The
generalized method of moments exploits the fact that the Euler equation for the
marginal utility of wealth, and the other first order conditions, imply a set of
population orthogonality conditions that can be used for estimation of the
parameters of the utility function. In Section 2.4.4 we discuss this approach,
and comment on some of its limitations (Section 2.4.4.1). Section 2.5
summarizes the chapter.

The chapter uses subscript i for person or household, and subscript t for period.

2.2 Theoretical Framework
This section presents and discusses the life cycle model of labour supply and
consumption including durable goods. The aim of the discussion is to clarify
some aspects that are relevant for estimation.

2.2.1 Consumption and Labour Supply Behaviour
Assume the household consists of one adult whose lifetime preferences can be
described by the utility function

(1)
	

E(1 + P)_ t Ut (Ct, Kt, Ht)
t=0

where T is the planning horizon, p is the time preference rate, subscript t
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denotes period, Ut (Ce , Kt, Ht ) is within-period utility, Ct and Kt are Hicks
composite goods grouped as consumption of non-durables and durables, and fit
is labour supply. Within-period utilities are assumed to be strictly concave in
consumption of goods and leisure.

The separability properties of preferences are an important issue in this section,
and in order to clarify the discussion, we now look at the definition. According
to Deaton and Muellbauer (1989), within-period preferences are weakly
separable if Ut(Ct, Kt, lit) can be written as (1)t[Uct(Ct), Ukt(Kt) ,Uht(114)}, where
Uct, Ukt and Uht are the functional forms of subutilities, and 4) is some function
that is increasing in all its arguments. That is, the conditional orderings on Ct,
Kt and lit respectively are independent of the consumption levels of the other
goods. If Ut(Ct, Kt, Ilt) can be written as

(2) l't[Uct (CO Ukt(Kt) Uht(1/01,

within-period preferences are additively (strongly) separable. Intraperiod
preferences are non-separable if none of these two cases are relevant.

The separability properties of intertemporal preferences are defined analogously.

While standard economic theory allows for non-separable preferences both
within and between periods, empirical specifications typically assume at least
intertemporal additive separability. This assumption requires cardinal utility
and that the demand for a particular good is not influenced by habits. Recently
several authors have emphasized the importance of allowing for non-separable
intertemporal utility, cf. Boyer (1991), Hotz, Kydland and Sedlacek (1988),
Johnson and Pencavel (1984) and Muellbauer (1986), but with one exception in
section 2.3.3 we shall not discuss such specifications. Hence, with this
exception, throughout the chapter we assume intertemporal additive
separability and that the monotonic transformation of lifetime preferences is the
identity transformation, cf. equation (1).

The household faces the within-period wealth constraints,

At - At-i	 wtHt rtAt-1 - St(rtAt-i, wtHt) - PtCt
- qt [Kt - (1 - 6.f)Kt_1],

where t 0, 1, 2,	 T, and åf is the depreciation rate for durables. The prices
p, q and w are nominal prices of non-durables, durables and leisure, and r is the
nominal pre-tax interest rate. Since households are assumed to have perfect
knowledge of future prices and variables influencing future preferences, expected
prices coincide with realized prices. The variable At is nominal net value of
interest-bearing assets at the end of period t, and if debt exceeds
interest-bearing claims, it is negative. The possibility of capital gains on

(3)
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durables is taken account of through changes in qt from one period to another,
and the assumption that durables cio not depreciate completely during one
period, that is, 0 < (Sf < 1.

The specification of the tax function captures that income taxes
St(rtAt—i, wtHt) are assessed on wage and interest incomes. If the household's
net interest income is negative, it allows for deduction of interests on debt by
the tax assessment. We also assume that the tax function is continuous and
convex, and that it has continuous first- and second order partial derivatives.
Wealth taxes are ignored.

The specification of the wealth constraint implies that we disregard that
households can place their wealth into various kinds of securities, such as bonds,
stocks and shares, pension funds, arts and antiques. With the exception of the
fact that inheritance at the beginning of the planning period can be
(exogenously) included into the value of Ao , we do not either consider the
possibilities of inheritance and bequest. In particular, this means that we treat
AT as exogenous.

The period-specific wealth constraints can often be more conveniently
represented by amalgamating them into a lifetime wealth constraint

dT AT — Ao = E dt IDA — St(rtAt-4, wtHt)}
t=o

(4) - E dt tPtCt qt[Kt - (1- Sf)Kt_i]} ,
t.o

where dt 	1/[(1 -F ro)(1 r 1 ) - - (1+ rt)}, for t = 0, 1, ...,T, is the discount rate
that converts income in period t into its period 13 equivalent, and where ro O.

In order to get an idea of the problems involved when we consider credit market
constraints, we follow Manger (1987) and assume that households must borrow
against mortgage in property. That is, net debt, —A t , cannot exceed a fraction
K of the market value of the property, qt Kt ,

(5)
- A t < Kqt 1Ct , t =0,1,...,T.

Here k is the fraction between maximum debt and the market value of durables,
and it is assumed that it is equal to all persons. In particular, this means that it
is independent of income and changes in institutionally determined constraints.

The household may also be constrained in the labour market, for example due
to institutional constraints, but this will not be discussed here. Only the
non-negative restriction will be accounted for, i.e.,

(6)	 Ift > 0, t = 0,	 ..., T.
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Maximization of the lifetime utility (1) subject to the within-period wealth
constraints (3), the borrowing constraints (5), the non-negative constraints (6),
and given values of initial stock of assets and durables, and terminal stock of
assets, yields a set of first order conditions. They include the within-period
wealth constraints, the borrowing constraints, the non-negative constraints, and

= Atpt, t = 0,	 ..., T,
act

out	 1åf
	A

- å x
= Atqt	 ti-tqt+i - ytKqt, t = 0, 1, ...,T ,

OKt	1+ p

out
- uff

t
= Afint 4- at,

and the Euler equation 7

alft

t .0,1, • • •,T,

where

(11) = wt
[1. 	OSt(rtAt-i, wtHt)1

0(wt-Ht)	 J
and

(12)	 Rt+1	 rt+1 [1
0(rt_Fl

Aare the after-tax marginal wage and interest rate, that are both endogenous for
the household. The Lagrange multipliers A t FE: (1 -I- prA7, 7t (1 -I- p) t7;' and
at (1 + p)t a7 can be associated with the wealth constraint, the borrowing
constraint and the labour supply constraint respectively. Superscript * means
that the values of the multipliers are discounted to period 0, and multipliers
without superscript are current values.

According to the Envelope Theorem, the Lagrange multipliers signify the
marginal rate of change of the maximum value of the utility with respect to a
change in the constraint, cf. Takayama (1986). Thus they express the shadow
price of the actual resource. In particular, A t* can be interpreted as the marginal
utility of wealth in period t discounted into the first planning period 0, while A t

is measured in current values.

All the Lagrange multipliers are non-negative, and if a constraint is not binding,
the multiplier is zero. Hence, 7 > O if and only if the borrowing constraint (5) is

7Thjs equation is obtained by differentiating the objective function (i.e. the Lagrangian)
with respect to A.

OSt÷ i (rt-F1 At, wt+4 114+1
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binding. Similarly, a > 0 if and only if the labour supply constraint (6) is
binding. Since the wealth constraint is always binding, A t > 0 for all t.

2.2.2 Interpretation of the First Order Conditions
The first order conditions constitute a simultaneous equation system that
implicitly defines the lifetime demand path for all goods, and the Lagrange
parameters, as functions of initial and terminal value of assets, initial stock of
durables, lifetime prices; including the interest rate and all the formal income
tax rates in the tax tables, and the preferences. In most cases it is, however,
impossible to obtain a closed form solution for these functions.

It turns out that in a life cycle perspective, the relevant demand functions are
the so called Frisch demands, cf. Frisch (1932). These functions are
characterized by demand being conditioned on the marginal utility of wealth,
and if preferences are additively separable within periods (in addition to
additively separable between periods) and the monotonic transformation
function 43t is the identity transformation, each of the first order conditions (7)
to (9) implicitly define the Frisch demands. In what follows we make that
assumption. This means that when we now turn to the discussion of some
properties of the first order conditions that are relevant for estimation, we also
discuss the properties of the Frisch demand functions.

The first order condition for non-durables, cf. equation (7), and the Euler
equation (10) imply

OUt+i	 1 + p  [
- 	 7t
8Ut

(13) ]
OCt+i 1+ R+1 	t

when pt = 1 for all t = 0,1, ..., T . That is, if preferences are both inter- and
intraperiod additively separable, if the monotonic transformation function 43t is
the identity transformation, if there are no binding borrowing constraints, and
if R and p as well as preferences are constant over time, then consumption (or
its marginal utility) at age t is the only relevant variable to predict consumption
(or its marginal utility) at age t + 1. Hall (1978) also assumes that
(1 + p)/(1 Rt+i) is constant8 (at least over a decade or two), and tests this
implication on macro time series data.

If the tax function is convex, the first order condition for labour supply and
leisure demand, cf. equation (9), can be rewritten as

(14)
kt =13 if --k;fru

t H0
t-1	 mt1 H=0=

fit > 0 otherwise, and determined by --51/41; Mtit- = fit t

8The constancy of (1 01(1+ Rt+ i) is of cause a strong simplification even if we disregard
interest income taxation. While p is a constant, even the pre-tax interest rate varies across
time and households.
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where tilde denotes that the variable is evaluated at optimum. That is, the
decision of working or not is determined by comparing the marginal utility of
leisure at zero hours work (measured in money), — la'	 with the price of
leisure, that is, the after-tax marginal wage rate at zero hours labour supply,
mt l ip=0 • If the marginal utility of leisure at zero hours work exceeds the
after-tax marginal wage rate at zero hours, the person chooses not to work.
Contrary, if the marginal utility of leisure at zero hours work is smaller than the
wage rate, he chooses to work, and decreases leisure until the marginal utility of
leisure equals the marginal wage rate. Labour supply then has two different
dimensions, annual participation in the work force, and annual hours of work.
Heckman and MaCurdy (1980) utilize this property and estimate a bivariate
Tobit life cycle model of female labour supply, cf. section 2.3.2.

Condition (14) is often referred to as a local criterion as opposed to the global
criterion, where the utility levels of various combinations of labour supply and
consumption must be compared. The global criterion should be used if the
budget sets are non-convex, but we do not go further into this problem.

Notice also that the marginal tax rate on labour income at zero hours is
endogenous, and can well be positive, since taxation of labour income depends
on the level of interest income. It also depends on the income of the other
spouse if the household consists of two adults that are treated as one taxpayer
by the tax assessment.

The specification of the credit market constraint (5) implies that whether the
credit market constraint is binding or not depends on the demand for durables.
However, in order to simplify the discussion of the first order condition for
durables, we now argue as if this on/off decision is independent of consumer
behaviour. The demand for durables, cf. equation (8), can then be written as

L _AL if
8K t	 < Atqt	 1---7151-1. p At

(15)	 Kq

Ert > AL otherwise, and determined by 2:--üt- = Atqt — 1-p At+lqt+1).q,	 aft-,

where we recall that tildes denote that the variable is evaluated at the optimum.
The marginal cost, Atqt 11.7: p Ati-igt+1 is now measured in terms of utility.
If the household is constrained in the credit market, the demand for durables is
determined by the constraint, and the marginal utility of durables, evaluated at
the constraint, is less than the marginal cost. Hence, the credit market
constraint (5) increases the demand for durables relative to the demand in the
case of no binding constraints. Contrary, if the household is unconstrained in
the credit market, the household adjusts the demand for durables until the
marginal utility equals the marginal cost.
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Economic theory gives few guidelines with respect to how to measure demand
for durables. It should be measured in physical units or in real values, but apart
from that the theory is of little help. An example of the problems involved, is
the measuring of housing consumption with all its dimensions such as location,
number of rooms and quality. Problems with this definition also lead to
problems with the definition of purchase and user price of durables, cf. chapter
3.

Notice that our treatment of durables assumes that there are no fixed costs in
the demand for durables, and that durables can be treated as continuous
variables. These approximations may be reasonable for white goods, but not for
other kinds of durables such as housing.

While the first order conditions (7) to (9) determine allocation of resources
within a particular period, the Euler equation (10) determines allocation of
resources over time. It can be rewritten as

(16)
1

At -= 	 (1+ Rt+i)At+i
1+ p

if — At < Kqtlft

and
1 

(17)	 At > 
1 -I- p

(1+ Rt+i)At+i if — At = 'Waft-

If the household is unconstrained in the credit market, saving should be
adjusted until the marginal utility of wealth in period t equals the (discounted)
marginal utility of using the same resources next year added after-tax interest
incomes. If the household is constrained, the marginal utility in period t
exceeds the marginal utility of postponing consumption one period.

In the present case of perfect certainty, all the A's can be calculated once and
for ever, and the updating mechanism is given by the Euler equation (10). This
means that if the household is unconstrained in all markets, if it knows
(1 -F Rt+1 )/(1 -F p) for all periods, and if it is able to calculate the marginal
utility of wealth for a particular period, cf. equation (31), it can use the Euler
equation to calculate A for all t, and plug these values into the first order
conditions to find consumption and labour supply. However, if the marginal tax
rate on interest incomes depends on labour and interest incomes, Rt+i is
endogenous and cannot be treated as an exogenous variable with respect to the
first order conditions.

As will be evident from the following analysis, equation (16) and (17) have been
utilized in various ways to obtain equations that are suitable for estimation.
Since some households can be constrained, the possibility of borrowing
constraints complicates estimation. One solution is to estimate the model from
a subgroup of unconstrained households, but then we should correct for the
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possible selection bias, cf. Heckman (1979). Another possibility is to use the
complete sample and estimate a switching regimes model, cf. Hajivassiliou and
Ioannides (1991), but most works disregard the possibility of this constraint
since one usually cannot identify what households are constrained, cf. Hall
(1978), MaCurdy (1981,1985) and Blundell (1987).

2.2.3 Separability, Constraints and Frisch Demands
The functional form of the Frisch demands depends only on the specification of
within-period utility and, as we have seen, on whether corner solutions are
present. Their usefulness, however, depends on the separability properties of
preferences, the possibility of binding constraints in the labour and credit
markets, and the specification of lifetime wage rates and the income tax system,
and this section focuses on these topics.

Apart from the difficulties related to at and -yt being latent and the endogeneity
of Rt+i and mt , the fact that A t is latent and varying across age complicates the
estimation of the Frisch demand functions. The problem related to A t being
age-specific can be circumvented by expressing these equations as functions of Ao
(or V. Substituting the Euler equations successively into each other, leads to

(18)	 At = (1 + p) tAopt

where
(	

1 
19)	 Dt =

(1 Ro)(1 R i )	 (1 Rt )

is the after-tax marginal discount rate that transforms income in period t into
its period 0 equivalent, and

	

1 + p	 (1+ P)2 
	Tit-1 = 1 + Rt 	(1 -F Rt)(1-1- Rt_i)N-2 -

	 Ðt (1+ p) t -yo .

Hence, the marginal utility of wealth at age t can be expressed as a difference
consisting of a function of the marginal utility of wealth at age 0, and a
weighted sum of the multipliers of the borrowing constraints.

Substituting equation (18) into the first order conditions (7) to (9), implies

OUt
(20) =
	t 	

[(1 p) tAopt	 Pt,aC

aUt 	— (5f
(21) = r + PYÄ0D-t Tit-11 gut [Kqt 	

OKt 	1+ Rti-i
gt+1 ] 7t

and
out r

(22)	 -	
t
	[(1 p) t Aopt 	 mt -I- at,

Ofi
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where
— f

qt	 qt
1 4-- Rt+i

qt+i

is the user price of durables. Since Rt+i depends on the marginal taxation of
interest incomes, the user price is endogenous.

At this moment we notice that if preferences are non-separable both between
and within period's, all the marginal utilities depend on the consumption of all
goods in all periods, and estimation of a particular first order condition is very
data demanding even if we could observe A. If preferences are additively
separable between, but not within periods (and the monotonic transformation
of lifetime preferences is the identity transformation), the marginal utilities for
a particular period all depend on the consumption of all goods in that period,
and estimation of a particular first order condition requires less data. If,
however, preferences are both intra- and intertemporal additively separable, and
the monotonic transformations of both intra- and intertemporal preferences are
the identity transformation, the marginal utilities only depend on the
consumption of the actual good, and estimation is considerably simplified.

In the case of no binding credit market constraints in any historic period as well
as no binding constraints in the labour and credit market in the current period,
yt , -7, 1 and at equal zero. If we also assume additive within-period utility and
that the monotonic transformation (1) t of within period preferences is the
identity transformation, the Frisch demand functions become

(23) Ct	 Ct [(I -I- P) t AoDtPt]	 t --= 0, 1, • .•,T,

(24) _Kt	 Kt [(I -I- P) t Àoptqut]	 t = 0, 1, . . . ,T ,

and

(25)	 lit	 lit [(1 P) t Aoptrnt] , t = 0, 1, . ,T ,

where the Ce-, Kt- and lit-functions are the inverse of the functions for the
subutilities of C, K and H respectively.

This specification illustrates the advantage of what MaCurdy (1981) labels the
A-constant demand functions. In the case of no binding constraints in any
historic period in the credit market, no current binding constraints in the credit
and labour markets, and inter- and intraperiod additive separable preferences
with 4:1)t equal to the identity transformation, the arguments of the demand
functions, apart from the discounting rate, are reduced to prices observable
within the current period and the (latent) life cycle component Ao . This means
that with the exception of the information that is included in Dt , mt and qut , Äo
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summarizes all historic and future information relevant to the household's
current decisions.

If there is no income taxation, Dt , mt and gut are exogenous, and Ao
summarizes all historic and future information relevant to the household's
current decisions. The marginal utility of wealth at age zero can then be
thought of as a statistic9 representing the household's (perfect) expectations
about future (pre-tax) wage and interest rates, the purchase prices of durables
and non-durables, and realized values of these variables earlier in life. Initial
and terminal (net) wealth also influence consumption and labour supply
through the marginal utility of wealth.

Since A0 is independent of time, it can be treated as a fixed effect during
estimation, and if the Frisch demand functions are additive in Ao or its
logarithm, the problem related to Ao being latent can be overcome by
differencing the Frisch demands, cf. MaCurdy (1981) and section 2.3.1. This
approach also reduces the problem related to the fact that estimation of the
A-constant demand functions is quite data demanding even if we could observe
,ko , since the after-tax discount rate Dt is endogenous and depends on

cf. equation (43).

While empirical analyses typically assume that life cycle wage rates are
independent of labour supply, they can also be thought of as being affected by
work experience, cf. Heckman (1981) and Nakamura and Nakamura (1985) 10 .
This assumption introduces a kind of non-separability through the wealth
constraint, since current labour supply decisions can be viewed as an investment
to increase future wages. The marginal wage rate then depends on future hours,
and both future wage rates and hours enter into the first order conditions. The
data requirement thus increases.

The introduction of income taxes, St(rtAt-i, wtHt), also leads to a kind of
non-separability that may reduce the usefulness of the marginal utility of wealth
constant functions (23) to (25), and the methods based on these functions. If
one does not observe current interest incomes, the calculation of the after-tax

9Friedman (1957) argues that the consumer's aggregate consumption is related to
"permanent" and "transitory" income. Mincer (1962) transfers this theory to the labour
supply market, and assumes that labour supply is related to transitory and permanent wage
rates and incomes. Comparing these theories with our marginal utility of wealth constant
functions, we find that permanent income and wage rate play the same role as the marginal
utility of wealth, while transitory incomes and wage rate play the role of the current prices.

mUsing estimates from participation equations only, according to these authors it is
impossible to separate this kind of dependence from the dependence due to intertemporal
non-separable preferences. Hotz, Kydland and Secllacek (1988) show that the separability
properties of lifetime preferences can be studied by expressing the Euler equation in terms of
consumption since consumption does not depend on the process generating the life cycle wages.
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marginal wage and interest rate requires observations on At_ i , and we need
panel data for (at least) two years. The calculation of the after-tax discount
rate Dt , cf. equation (19), requires panel data for even more periods, and the
after-tax wage and interest rate, and the user price of durables, are now
endogenous. In order to simplify estimation, income taxes are often omitted.
Blomquist (1985) shows that the lifetime wealth constraint (4) then becomes
separable in goods and prices across periods, and the only way a price change
can influence demand in other periods, is through the wealth effect (4). The
responses to price changes in other periods are then of a very special form, since
there is no effect via the discounted prices corresponding to Dtpt , Dtqut and
Dt mt , cf. Blomquist.

The possibility of constraints in the credit market also complicates estimation of
the Frisch demands considerably. Comparing equations (7) to (9) with (20) to
(22), we notice that the substitution of the Euler equation (18) into the first
order conditions introduces the borrowing constraint multipliers for all earlier
periods into these conditions. Since these multipliers are latent, this
substitution probably introduces more problems that it solves, and the
specifications (7) to (9) seem to be more attractive.

In order to use the Frisch demands to explain differences in demand across
households, the relation between Ao and all the exogenous variables must be
determined. Substituting the A-constant demand functions (23) to (25) into the
lifetime wealth constraint in the case of no binding constraints in any market in
any period, leads to

dTAT - Ao

Edt {wtHt [(I.+ p) . t À0Dont] - St - PtC t [(1-	 AoDtPt]
t=o

(26) - qt[Kt[(1 + Aoptqut] - (1 - (5f)Kt-1[(1+ P) t _
l Aopt-iqut-1]1}

where S At denotes that the A-constant demand functions are also substituted
into the tax function. This function implicitly defines )to as a function of the
household's initial value of assets and durables, terminal value of assets, all
prices for all periods, and the time preference rate and the other parameters
determining lifetime preferences. If there are binding constraints in some
markets, the shadow prices of these constraints are also included.

In most cases this equation cannot can be given a closed form solution with
respect to Ao. Even if we could, cf. section 2.3.3, the fact that existing panel
data do not contain complete lifetime price paths, including the interest rate
and the income tax rate paths, and seldom initial and terminal assets and
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equities, complicates estimation of the reduced form equation for Ao . The fact
that Ao is latent complicates estimation further.

2.3 Estimation in the Perfect Certainty Case
While the aim of section 2.2 was to present some theoretical considerations that
can be used for estimation of the life cycle model, we are now going to take a
closer look at some important contributions and methods within this field. In
this section we limit ourselves to methods particularly suited for the perfect
certainty case.

2.3.1 MaCurdy's Fixed Effect Approach
The use of the marginal utility of wealth constant functions for estimation of
the life cycle model can be associated with Thomas E. MaCurdy (1981) 11 , and
we will now study how he utilizes these functions to estimate an intertemporal
model of labour supply.

2.3.1.1 Model specifications
Compared with our general model presented in section 2.2, MaCurdy disregards
consumption of durables, personal income taxation and the possibility of credit
market constraints. The lifetime wealth constraint is then

(27) Aio E dtwitllit = E
t=o	 t=o

where subscript i denotes person and terminal wealth, AT, is assumed to be
zero. The wage and interest rate, and the stock of assets, are now measured in
real terms.

MaCurdy assumes that preferences can be described according to

(28) E(1 p)_t (rcitCr rhit4h) ,

t=o

where w, and Wh are time- and person-invariant modifiers of preferences, and
rcit and chit are person- and time-specific modifiers. The modifier of
preferences for leisure, rhit , is assumed to be randomly distributed across the
population according to
(29)	 chit -17-- exP(cri

where ai is a non-stochastic parameter and &K is a stochastic parameter. Since
the consumer is assumed to have perfect knowledge of future prices and

"The original paper was part of his Ph.D. thesis, "Two Essays on the Life Cycle",
University of Chicago, 1978.
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preferences,	 is introduced in order to take account	 of the fact that the
econometrician cannot observe all factors that influence preferences for work.

The taste modifier for goods, r cit , is not specified further since MaCurdy focuses
on labour supply and does not use the first order condition for consumption.

Assuming the real rate of interest is constant over the life cycle and equal to r
with the exception of for period zero where it is equal to p, the marginal utility
of wealth constant labour supply function (25) now becomes

(30) In Hit = Fio bt -I- a ln wit +

where a a-- 1/(wh — 1), i t aert and Fic, [1/(wh — 1)](ln Aio 	— In wh). This
specification also requires that 1n(1 r) and In (1 -F p) can be approximated by r
and p.

The assumptions about the interest rate imply that (1 + Dit in equation (25)
is being reduced to bt, where b E. a(p — r), and the interest rate becomes part of
the b-parameter.

Since the specification of preferences means that it is impossible to find a
reduced form solution for Ao , cf. equation (26), MaCurdy assumes that "in )t o
can be approximated as a linear function of measured characteristics, Z , net
natural log of wages at each age, initial wealth and an unobserved random
variable, (i, representing unmeasured characteristics". Hence

T*

(31) Fio = ZiO Ef3t in wit + Aioe
t.o

where T* denotes the age of retiring, Ot and 0 are scalars, and 0. is a vector of
constants that are assumed to be constant across consumers.

Estimation of this equation requires that the lifetime wage path and initial
assets can be observed for each consumer. To observe the wage rates outside the
sample period, and for the unemployed workers, MaCurdy assumes that wages
follow a quadratic function in age,

(32) ln wit	 t27r2i

where ç-lit is a random variable, and where the coefficients roi, rii and r2i are
linear functions of some age-invariant characteristics of the person,

(33) = Migi, j .0, 1, 2,

where go , g i and 92 are vectors of parameters. The variables included in M, are
education and variables related to family background.
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Most data set do not include even extensive measures of the consumers' current
wealth, and to predict initial assets12 , MaCurdy assumes that the optimal
lifetime income stream from buying assets, rAit , can be approximated by a
quadratic function in age,

(34) rAit = r3i tr4i t27r5i c;2it •

Here ç21t is a random variable, and the parameters 71-3i, 7r4 and ir5i are linear
functions of a vector of exogenous and time invariant determinants, 4, of
property incomes,

(35) rii = Jihi, j = 3,4,5,

where hi is the vector of coefficients.

2.3.1.2 Estimation
MaCurdy does not estimate the parameters of the utility function, but applies
equations (30) and (31) for prediction of labour supply.

The estimation of equation (30) takes into account that Aio is latent and
correlated with the exogenous variables. Since F10 is a linear transformation of
Ai() and some time invariant parameters, Fio can be treated as a fixed effect.
MaCurdy then estimates a and p, determined through b a(p - r), by working
on a first differenced version of the Frisch supply function (30),

(36)
	

ln Hii = b aA In wii Aeii,	 i = 1,2, .	 n,

= 2,3,

where is the difference operator, i.e. AXt Xt - Xt-1. Subscript j denotes
sample period, j* is the number of sample periods, and n is the number of
workers in the sample. The variables Fiji and wii then denote person i's labour
supply and wage rate in sample period

Since there may be omitted variables that are correlated with both the wage
rate growth and the error term Aeii, the wage rate is treated as endogenous in
the estimation. The parameters of equation (36) can then be (consistently)
estimated by standard 2SIS13 .

12No4iice that MaCurdy's specification of the property income path seems to overdetermine
the property income path. When consumption and labour supply are determined through the
first order conditions, the period-specific wealth constraints can be utilized to derive saving in
all periods. Given initial assets and a lifetime path for the interest rate we can then find assets
and property incomes in all periods. Hence the a priori assumption of a particular lifetime
property income path can lead to inconsistency problems.

13MaCurdy also considers another specification of equation (36) where the interest rate is
allowed to vary over time.
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An advantage of this approach is that the parameters determining the responses
to current price changes along a given life cycle price path can be estimated
from panel data for (at least) two periods on only the actual good in question
(including the price), in addition to the relevant instrument variables. In
MaCurdy's case this means that he can estimate the parameters related to
labour supply without having data on total consumption. Since many data sets
do not include observations of both labour supply and consumption including
the consumption of durables, this fact is important.

A problem related to first differencing in particular, but also higher order
differencing, is that it tends to accentuate measuring noise relative to the
observed changes in the differenced variables, and the precision of the estimated
parameters is reduced.

To estimate the reduced form equation for lo, MaCurdy uses the wage and
property income path equations and obtains

(37)	 F0 = ZiO roir30	 72iT32 r3i -6 + ei

where
T*

= Oir,	 = Etißt , j = 0, 1, 2,
t=o

and e is the error term.

The equations (33), (35) and (37) constitute a simultaneous equation system,
that can be estimated if we have data on Fo , Z, and no to r3 for all consumers.
The consumer characteristics, Z , are observed directly, and MaCurdy shows
that unbiased estimates for all the ri's can be obtained by making some
particular transformations of equations (32) and (34). Estimates for all the
Fio's are obtained from equation (30) inserted the estimates for b and a from
the estimation of equation (36). Using these results, MaCurdy estimates the
simultaneous equation system (33), (35) and (37) by ordinary 2SLS. The
substitutions imply that the error term and the right hand side variables of the
F0-equation become correlated, but according to MaCurdy, the estimates are
consistent for a "sufficiently large" number of observations per consumer.

The estimation of the reduced form equation for FR) is very data demanding
since it requires life cycle data for each person. This means that if we want to
estimate all aspects of demand, the fixed effect approach necessarily involves
some kind of arbitrary assumptions about the lifetime price paths. In most
cases estimation also requires approximations to the true relationship. This
reduces the tight connection between theory and estimated regression function.

37



Empirical Life Cycle Models 	 Social and Economic Studies 91

2.3.1.3 Restrictions on intra- and intertemporal preference
MaCurdy's fixed effect approach requires that the marginal utility of wealth
constant demand functions are linear functions of Ao or In )to . From the first
order conditions (7) to (9) it should be evident that within-period preferences
must be additive if the A-constant demand functions are to be linear in Ao , cf.
also Blundell and Walker (1986). Browning, Deaton and Irish (1985) recognize
that this (unfortunate) result may be due to the fact that we start out from the
direct (within period) utility function, and that if we start out from another
specification, this restriction may be relaxed. In order to reduce restrictions as
far as possible, they suggest to start out from the profit function. This
approach views the household's decision problem as a profit maximization
problem, where the household produces utility, U, from consuming the goods C,
K and H. To ease notation, the subscript it is now suppressed. Lifetime profit
(and utility) is the sum of the profits (and utilities) for all periods, since we still
assume intertemporal additivity. The within period profit function is defined as

(38)	 7r (pu , p) -= max {puU — c (U , p)}

where denotes (to ease notation) the price 14 vector corresponding to the input
vector (C, K , H), pU 1/À is the marginal cost/price of utility, and c(U,p) is
the (standard) cost/expenditure function corresponding to the preferences
LT(C,K,H). All prices are pre-tax prices since Browning et al. ignore income
taxation.

This function defines the household's maximum profit attainable, r(pu,p), from
selling utility U to itself at a price pu, and at a production cost c (U , pJ, where
the cost function represents the technology of utility production. Hence, it
represents household preferences as a function of the price of utility and the
prices of the goods, just like the cost function represents preferences in terms of
utility and prices of goods. The link between periods is the reciprocals of the
marginal utility of wealth, pu.

A favourable property of this approach is that by differentiating (minus) the
profit function with respect to the price of a particular good, we get the Frisch
demand function for the good. This fact follows directly from specification (38).
Browning et al. use this result and find the most general profit function that
satisfies the condition that the partial derivatives of the Frisch demands with
respect to all prices, are independent of the marginal utility of wealth. Based on
the specification of this general function they conclude that "the treatment of
pu as additive in the hours and quantities demanded implies intraperiod
quasi-homotheticity." In other words, viewing the households' decision problem

"The relevant price of K is the user price.

38



Social and Economic Studies 9.1	 Empirical Life Cycle Models

as a profit maximization problem, the requirement that the Frisch demands are
linear in pu 1/A implies that demand is linearly related to within-period full
income. Full income at age t, Yt , is defined as the sum of the value of the
household's initial time endowment 1E, and its interest incomes and asset
decumulation,
(39) Yt = wtr; rtAt-i - (At - At-i)•

The profit function approach, however, allows for non-separable within period
preferences.

Blundell, Fry and Meghir (1985) show an analogous result within the same
framework, that is, relaxing intraperiod additive separability leads to unitary
within-period full income elasticities if the loglinear Frisch demands are to be
loglinear in Ao. The use of Frisch demand functions that are derived either from
a specification of direct utility or from the profit function, then introduces quite
strong restrictions on intratemporal preferences.

Intuitively we would consider that the use of highly aggregated Hicks composite
goods reduces the restrictiveness of assuming intraperiod additive separability.
Intraperiod additive separability can then turn out to be a reasonable
approximation for life cycle models of highly aggregated Hicks composite goods.

The assumption of intertemporal additive separability can also be questioned.
According to Blundell (1987), the indirect within-period utility at age t
corresponding to the profit function of Browning et al., is of the Gorman Polar
form

(40) G =I 	
bt(124)

where It is some concave monotonic transformation that determines the
intertemporal allocation of the goods, and at (pt) and bt (pt) are particular
concave linear homogeneous functions of the vector pt of prices discounted to
period zero.

Blundell uses this specification to discuss the restrictions on intertemporal
substitution implied by the profit function of Browning, Deaton and Irish. He
follows Browning (1985) and assumes that the intertemporal substitution
possibilities best can be measured by the intertemporal elasticity of
substitution, = Gy IYGyy , where Gy OGIOY and Gyy °GSM'. The
utility index (40 implies

(41)	 (1)t	 — at(pt )]lbt(p)lYt

where denotes partial derivative. Since Yt at (pt ) is dominated by Yt , this
means that bt (pt) represents the substitution possibilities for rich people. This

l yt  at (Et )

4{ [Yt at(pdl ibt(Pt ) IMEt ) 
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result and the fact that the specification of the profit function implies that bt (pt )
is a linear function of all the prices of pt , means that the use of linear Frisch
demands constraints intertemporal substitution for the high income groups.

It can be argued that this matter is not very important since the substitution
possibilities are also determined by the derivatives of the monotonic
transformation It . Many works, however, let h be the identity transformation,
and Blundell shows that the substitution elasticity for the loglinear and the
exponential transformations approaches -1 and 0 as income increases. Linear or
loglinear Frisch demands then also seem to restrict intertemporal substitution
possibilities considerably.

2.3.1.4 Income taxation and MaCurdy's fixed effect approach

As mentioned MaCurdy disregarded income taxation and assumed that the
interest rate was constant across periods and equal for all persons. In this case
the Frisch demands only include current variables. Without these simplifications
the Frisch labour supply function corresponding to equation (30) becomes

(42) ln Hit = Fics + am  [Dit (1 P) t mit] 4- eie

where we recall that Di t is the after-tax marginal discount rate defined in
equation (19), and mit is the after-tax marginal wage rate. Since the discount
rate Dit is endogenous, we can hardly assume it is constant during the life cycle,
and in no way we can reasonably assume it is equal for all persons. Taking also
into consideration that Dit depends on Rio , Ra,	 Rit , the introduction of
income taxes immediately seems to complicate estimation considerably.
However, first differencing the Frisch demands yields

(43) A In Hit = ap -1- a[6. In mit - In (1 + Rit)}

which illustrates that the method of differencing is attractive even in this case.
MaCurdy's fixed effect approach can then very well be used even in the case of
personal income taxation, but we must take account of that the introduction of
income taxes makes mit and Rit endogenous to the consumer and dependent on

At-1-

2.3.2 A Fixed Effect Tobit Model
Heckman and MaCurdy (1980) extend MaCurdy's fixed effect approach by
implementing a bivariate fixed effect Tobit model for married females' labour
supply. This work uses the utility function

(44)	 E(i + p)_ t [FaCr +Fit(T, -
t=o
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where T, is total time available in the period, and wi and ce, are unknown
coefficients. The age- and person-specific modifier of tastes for leisure, Fit, is
assumed to be related to a set of observed consumer characteristics, Nt , and a
stochastic component, fi t , according to Fi t E- exp(Nt0+ fit), where is a vector
of coefficients. The taste modifier for consumption, r,, is not specified further.

The wage rate equations (32) and (33) are now modified to

(45) In Wt Mt/3m (2t,

where M is a vector of observed consumer characteristics, Om is the
corresponding vector of coefficients, and E2t is a stochastic component.
Identification of cat, ti; and (p — r) requires that M includes at least one variable
that is not included in N, cf. equation (45) and (49).

It is also assumed that the disturbance vector (E li , E2t ) follows a components of
variance scheme,
(46) Ejt	 /kit, j =1,2,

where the vector (Alt, tt2t) is allowed to be correlated within-periods, but is
assumed to be serially uncorrelated and generated by a bivariate normal
distribution. The components qi and 7/2 are left freely correlated. Thus, the
econometric model has the structure of a bivariate Tobit model, cf. also
Chamberlain (1984).

Assuming ln[(1 p)/(1 r)} can be approximated by p — r, the labour supply
function corresponding to equation (14) now becomes (cf. appendix A)

(47)

where

(48)

and

(49)

111	 /hi	 f + Art + Vu if VII < —f — Art + in Ll

	\ 	 in L	 if Vu > f - Art +

1	
1 ,

	(In Ao ln	 rh r/2), V1= 	 uu2t P1t)—

= P	
r
t Nt 	 +M 13m •

- 1	 cot — 1	 cot —

This approach then takes into consideration that labour supply has two
different dimensions, cf. the discussion of equation (14), and the simultaneous
likelihood function for the model consisting of the labour supply function (47)
and the wage rate equation can be found. Since f includes the marginal utility
of wealth,' f is correlated with all the exogenous variables of the model, and to
overcome this problem, it is treated as a fixed effect to be estimated.
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Again there is no reduced form equation for A0 or f. Heckman and MaCurdy
approximate, and regress estimated fixed effects, f, (obtained from the
ML-estimation) on education, average household income, future fertility plans,
premarital work experience and realized fertility measures. The effects of
lifetime prices and initial wealth as determinants of demand, are ignored.

Compared with the estimation strategy found in MaCurdy (1981), this
estimation method reduces the possible selection bias from using a subsample of
unconstrained persons. Regarding the estimation of the responses to current
price changes along a given life cycle price path, both methods have in common
that they only require observations of variables related to the actual good in
question. Both methods typically require approximations to the true
relationship for the reduced form equation for the marginal utility of wealth.
The way they estimate the fixed effects (F0 and f) is different. While
MaCurdy's approach involves a quite cumbersome procedure, f is estimated
simultaneously with all the other parameters in the approach of Heckman and
MaCurdy. Both methods require panel data (Heckman and MaCurdy use panel
data for eight years) for estimation of these effects. Depending on the
parameter specifications, Heckman and MaCurdy can estimate the parameters
determining the responses to current price changes along a given life cycle price
path, from cross section data. In contrast, MaCurdy's fixed effect approach
requires panel data for at least two periods.

2.3.3 Reduced Form Estimation
In this section we review some works where it is possible to find the explicit
solution for the household's optimization problem.

Boyer (1989) recognizes that when preferences can be described by a Stone-
Geary function, it is possible to find the reduced form equation for A0 . This
equation can then be substituted into the Frisch demands.

Assuming the Stone-Geary utility function

(50) E	 pr t [Bhit In (bh — Hit) + Bcitln(Cit — bc)],
t.o

no income taxation and the lifetime wealth constraint (27), the reduced form for
)t0 is

ET (1 + pr t (Bhitt=o 
(51) Aio =

EtT.,0 + 0 -4 (bh wit — b,)

Here bh, b, and p are unknown coefficients, Bhit and B,it are taste modifiers,
and Ai() is the initial stock of assets measured in real terms.
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As we would expect from the discussion of equation (26), Ao is a function of
preferences, initial wealth, and the lifetime price paths, here represented by the
(real) interest, r, and wage rate, wit . Since no data sets include all these
variables, estimation requires further assumptions. Boyer assumes that
Bcit = 1 — Bhit, that the time horizon is infinite, and that p = r, where r is not
observed. She also specifies the wage equation

(52) wit = 10i -F / l it -F

where ioi and /ii are "unspecified functions of time invariant determinants of
wages", and vit is an unobserved random variable.

The earnings function now becomes

	bh 	 r
witHit = bhwit Bhit[bhi0i	 + 1 + r itio — b]

where ioi and 1i1 are unbiased estimates of toi and hi obtained from a separate
estimation of the wage equation. Assuming further that Bhit can be related to
observable variables and a random error, Boyer uses this specification as basis
for estimating a linear earnings equation on w it , ioi , 11 , A 0 , individual
characteristics, and interactions of characteristics with ioi, Iii and Aio , by
minimizing a generalized instrumental variables criterion function. From this
estimation she obtains estimates of all the parameters of the utility function,
including the time preference rate p = r.

Regarding the properties of this approach, we notice that it is based on the
relevance of the Stone-Geary utility index. To find the reduced form expression
for Ao , one has to assume that there are no binding constraints in any market in
any period. Estimation requires observations of variables related to the actual
good, initial assets and demographic variables, but since most data sets do not
include observations of initial assets, estimation can be more complicated than
it may look like at first glance. Boyer also disregards income taxation, and this
decision simplifies estimation and reduces the data requirement.

An explicit solution of the optimization problem is also obtained in Biørn
(1981), where Biørn estimates a Stone-Geary utility index with the household's
aggregate consumption as the only argument in the utility index. By splitting
income at the beginning of the planning horizon into permanent and transitory
income, he relates consumption to permanent and transitory incomes.

In Bover (1991), Boyer modifies her Stone-Geary specification described above,
to allow for habits;

(54)	 E(1 + p)tk [Bhikin(bh+	 Hik) Bk in (Cik — bc)} •
k=t

(53)
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This specification implies that the utility from supplying Hk hours of labour
depends on Hk_i , and the s-parameter reflects to what extent the household
considers last year's labour supply in its determination of current labour supply.

Since we do not observe (Hk - åHk_1) (or åHk_ 1 ), it seems difficult to estimate
this specification  , but rewriting the wealth constraint in terms of
H 	Hk 	Hk..1 the Frisch labour supply and consumption demand
functions become

BhIt _(55) H = bh 	and C = b +
wit

where
T—k 	 8 i

(56) w = > ( 	 r) Wik+j.
j=o

Bower now allows for wage replanning'  . The specification of the wage equation
is similar to equation (52), but it is now assumed that 10 and 1 are both time-
and person-specific. It is still assumed that B.2k = i - Bhk , and that the taste
modifier Bhk can be related to observable consumer characteristics, Nik, and a
random error. Using a plausible approximation to the reduced form for  ), the
earnings function corresponding to equation (53) becomes

wtHt = bhwt + t5wtH_1 + aiNt + a2Ntht + a3N1ll

(57)
	 + a4N tA t + a5Hti Ntît + aeH.i

where a, j = 1, 2, . . . , 6, are nonlinear functions of the structural parameters,
and út is the predicted wage rate from the estimated wage equation. Notice
that the habit parameter å from the utility function, is the coefficient on the
variable w tH t_ i .

Estimation of this equation allows for identification of all the structural
parameters. Despite the fact that this equation does only include current
variables and variables lagged one period, estimation requires panel data for
more periods in order to estimate the wage equation.  (Bover uses 10 years of
panel data from the Michigan Panel of Income Dynamics.) Notice also that in
contrast to specification (53), that includes initial assets, this specification
includes current assets, a great advantage from an econometric point of view.
With the exception that this specification considers habits, the approach is
quite similar to Bover's approach discussed above, and the properties of these
two approaches are quite similar.

15ThiS assumption introduces a particular kind of uncertainty, but according to Bover there
is no obvious extension to allow for general uncertainty.
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2.3.4 Two-Stage Budgeting
From an econometric point of view estimation of the Frisch demand functions is
complicated by the fact that the marginal utility of wealth cannot be observed.
In order to find a specification of the demand functions where it is possible to
observe all variables, Blundell (1987) and Blundell and Walker (1986) suggest to
use the two-stage budgeting theory for estimation. This approach has also been
used in Blundell, Browning and Meghir (1989,1994), in Blundell, Meghir and
Neves (1993), and in Attanasio and Browning (1993). It is particularly relevant
for estimation of the parameters of within-period preferences, but at the end of
this section we show how it can be combined with a particular use of the Euler
equation in order to estimate the parameters of the monotonic transformation
of within-period preferences.

For simplicity we assume that there are no binding constraints in any market
and no durable goods. Assuming intertemporal additive separability, the life
cycle model presented in section 2.2.1 can be viewed as a two-stage budgeting
process. In the first step the household determines the lifetime assets path
(A 1 , A 2 , ..., AT... 1 ) according to the Euler equation (10). This allocation
depends on lifetime prices; including the interest rates and the formal income
tax rates in the tax tables, initial and terminal value of assets, and the
preferences, cf. the first order conditions (3), (7) and (9) to (12) where
Kt qt	f = O. Using the definition of full income, cf. equation (39), we find
that the allocation of full income across periods is determined by the same
variables plus the initial time endowment T. Estimation of this relationship is
then very data demanding, and it is typically not estimated.

Notice that we don't need to change the definition of full income when we
introduce personal income taxation, and that the allocation of full income
accross periods is consistent with the optimizing values of Ct and Ht for
t . 0,1, ..., T.

Conditional on full income, the household in the next step determines the
allocation of full income to all goods. At age t this allocation is determined by
maximizing within-period utility

(58) U 	 Ht)

with respect to Ct and lit , subject to the within-period wealth constraint

(59) wt(L — Ht) St(rtAt-i, wtHt) PtCt = Yt.

This wealth constraint corresponds to equation (3) when we ignore durables
and use the time budget constraint Lt+ Ht
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The first order conditions corresponding to this optimization problem implicitly
define the demand for goods and leisure as functions of wt, Pt, Yt and rtAt- i,
and the parameters of the tax function and the preferences. In order to simplify
the exposition further, ignore income taxation and assume that these demand
functions can be given closed form solutions. If _C_tf	 (Ce , Lt) is the vector of
consumption goods with corresponding price vector pt = (tvt , Pt ), the
within-period demands can be written as

(60)
	

=	 (Pt , Yt)

where Lt is the vector of demand functions.

These demand functions are called y-conditional demands since consumption is
chosen conditional on full income. They are homogenous of degree zero in prices,
pt , and full income, Y, and the functional form varies across goods. According
-to Blundell and Walker (1986), the demand functions for all goods generally
change if there are binding constraints in any market in period t. In contrast
binding constraints in the future only change the value of Y. The assumption of
intertemporal additive separability then allows for decentralization over time.

Although we are assuming perfect certainty, we notice that the introduction of
uncertainty about future prices and preferences leaves the two-stage budgeting
model almost unchanged, since all uncertainty is captured through the
distribution of full income across the life cycle, cf. Blundell and Walker (1986).

From the discussion of the determination of full income it is evident that the
full income variable in the y-conditional demands summarises the effects of past
decisions and future prices and preferences, on current decisions. In that respect
full income serves the same purpose in the y-conditions demands as the
marginal utility of wealth does in the Frisch demand functions.

Compared with the Frisch demands, the y-conditional demands, however, only
include variables that can be observed, and they can be observed within the
current period. Estimation of the demand function for a particular good
requires observations of the demand for the good, the price vector pt and full
income. If we take account of income taxation, rt At_i must also be observed in
addition to the parameters of the tax system. Since many surveys are either
income or expenditure surveys, it can be hard to find data sets that include all
these variables.

Blundell (1987) points at that empirical specifications based on parametrization
of direct utility, can often be shown to be unnecessarily restrictive compared to
dual representations. In that respect the following results are important:

1. If preferences are intertemporally separable, within-period allocation of
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full income to individual goods is completely characterized by the indirect
utility function, and the allocation is invariant to monotonic
transformations of the utility function, cf. Gorman (1959). Such
transformations only influence intertemporal allocation.

2. Applying Roy's identity 16 to indirect within-period utility, yields the
y-conditional demands.

Hence, it is possible to combine explicit parametrizations of indirect utility with
the use of y-conditional demand functions.

In order to get more insight in this approach, assume within-period utility is of
the general Gorman Polar form (40). While the fixed effect approach requires a
particular specification of the price indices at (pt ) and bt (pt), the y-conditional
approach does only require that at(p) and MEd are concave linear homogenous
functions of pt , cf. Blundell (1987). Blundell and Walker (1986) discuss
particular forms of these functions, with emphasis on their flexibility and how
they can be related to demographic variables, but we do not go further into
these items here.

Using Roy's identity to equation (40), the within-period demand for
non-durables is given by

(61)
14 (24 ) {Yt — at (p)]

ct a() bt(pt) 

where a(p) and b(p) are the derivatives of at (pt ) and b (2) with respect to
the price of the good, pt .

While this specification is linear in Yt , estimation of the y-conditional demands
does not require that. Notice also that despite the fact that the two-stage
procedure implies that Yi is predetermined, Blundell claims there is no reason
to assume that Yt is exogenous from an econometric point of view. Since we are
assuming perfect certainty, the reason must be that there are variables that are
known for the consumer, but unobserved for the econometrician. If these
variables are autocorrelated, Yt will be correlated with the error term of the
y-conditional demands, and estimation requires an instrument variable method.
Blundell suggests a method for estimation, and testing the exogeneity
assumption, proposed by Hausman (1978).

An important advantage of the y-conditional demands is that these equations
can be estimated without direct knowledge of the form of the equation
determining the allocation of Yt accross periods, since full income is observable.

16See Deaton and Muellbauer (1989).
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This fact is related to the fact that in contrast to the Frisch demands, which
include the partial derivative of the monotonic transformation of the
within-period utilities, the specification of the y-conditional demands is
independent of the choice of this transformation, that is, the It-function in
equation (40). Hence, for general choices of the monotonic transformation, it is
impossible to derive estimates of the parameters of the It-function from
estimating y-conditional demands.

However, in a life cycle perspective it is important to study intertemporal
allocations. Blundell then shows that if there are no binding constraints in the
credit market, the parameters of the monotonic transformation of within-period
utility can be estimated by utilizing the Euler equation (10), cf. also Hall
(1978). To clarify this method, assume indirect within-period utility is given by
equation (40). The marginal utility of wealth is now A; = Illbt (pt), where
denotes partial derivatives with respect to [Yt at (4)]/bt(pt ). Substituting this
result into the Euler equation for the marginal utility of wealth, leads to

1.

(62) = (1 + P) b

t (pt )

 bt-i(Pt_ i ) I Rt

Using thethe parameter estimates of bt and bt_ i from the estimation of equation
(61), and panel data on Y and p, this equation can be used as a basis for
estimating p and the parameters of the It-functions. In section 2.4.3 we show
how this approach modifies in the uncertainty case.

Blundell uses this approach for a particular specification of the Gorman Polar
form (40), that is

(63) Gt. rt(Yti ° 
o

where Yt* [yt at(pt)]/bt (pt ) is "real supernumary" outlay, and rt and 0 are
coefficients.

Equation (62) now becomes

(64)	 A In Yt* 0*4. In Tt 0*Z1 In bt (pt) + 0* In ( 11++R;

where 0* 1/(1 - o). Assuming Tt is normalized such that 7-0 = 1, and that the
time preference rate p is known, we can estimate o and Tt, for t = 1,2, ..., T, if
we have panel data for full income, the price vector pt and Rt , for all the
periods t = 0, 1, 2, . , T.

While the fixed effect approach restricts the specification of the monotonic
transformation of within-period utilities, cf. section 2.3.1.3, there is no such a
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priori restrictions in the present method. It therefore seems to allow for more
flexible preferences, cf. Blundell (1987). However, estimation of a rich
specification of the /-function tends to require panel data for many years, cf.
specification (64), and if we do not have access to all these data, the theoretical
advantage can be reduced in empirical applications.

2.4 Estimation in the Uncertainty Case
This section presents the main approaches for estimating life cycle models in
the case that the household is uncertain about future prices and variables
influencing future preferences. To get a basic understanding of the various
estimation strategies, we first study the modifications of the optimization
problem, and the interpretation of the first order conditions, compared to the
perfect certainty case.

2.4.1 Consumption and Labour Supply Behaviour
We assume that the household is uncertain about future prices and variables
influencing future preferences. In contrast, current exogenous (pre-tax) prices as
well as variables influencing current preferences, are realized at the beginning of
the period, and they are then known. At each age t the household' maximizes
the expected value of the time-preference-discounted sum of total utility,

1 
(65) Ut (Ce , Kt, Ht) +	 E

1+ p
t I T

E (1 + p)t+i-kuk (ck, Kk, Hk)
k.,÷i

with respect to Cti, Kt, and He, for t' = t, t -I- 1, ...,T , subject to the
within-period wealth constraints, the borrowing constraints and the labour
supply constraints presented in section 2.2.1, and given values of At_ i ,
(1 — 61)Kt_ 1 and AT. Here pt , qt , Wt , rt and all the parameters of the tax
function St as well as the value of current taste modifier variables are known in
period t, while Pe, qt ,,	 rt, and all the parameters of the tax function St,, for
t' > t, as well as the value of future taste modifier variables, are not known.
The expectation operator Et indicates that the household accounts for all
information available in period t, in the calculation of expected values. Since
households are assumed to have rationall8 expectations, Et denotes both the
household's subjective expectation and the mathematical conditional
expectation as of period t.

We also assume that the law of the motion for these exogenous state variables is
independent of the household's decisions.

17For simplicity we assume a single person household.
18Begg (1982) defines rational expectations as "The hypothesis of Rational Expectations

asserts that the unobservable subjective expectations Of individuals are exactly the true
mathematical conditional expectations implied by the model itself".
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To study this optimization problem, we can use a dynamic programming
formulation, cf. Rust (1992) and MaCurdy (1983,1985). Let

T

(66) 3/41-1[At, ( 1 — 6f)Kti = max /E	 r--E+1 E (1 + p"kuk (Ck, Kk7 Hk)[

• k=t-Fi

be the value function at age t 1, where the maximization is carried out with
respect to Cti, Kt , and He, for t' = t 1, t + 2, ..., T, subject to the wealth, the
labour supply and the borrowing constraints for all periods, and given values for
At , (1 - 8f)Kt and AT. This function shows the household's maximum expected
lifetime utility at age t 1 when the wealth, the labour supply and the
borrowing constraints for period t 1, t + 2, ...,T are satisfied, the household is
endowed with initial wealth equal to A t and (1 - (5f)Kt , and the value of AT is
given. Since Vt÷i [At , (1 - (Sf)Kt] is a function of all the parameters generating
future preferences and prices', and the household is uncertain about their
realized values as of age t, Vt+1[At,(1- 61)Kt] is uncertain at age t.

The Lagrange function corresponding to the household's optimization problem
(65) now becomes

1
Lt = Ut(Ct, Kt, Ht) + 

1+ p
Et144-1{At7 (1 - 8f)Kti

- At [At - (1 + rt )At_i wtHt St(rtAt- i,wtift) PtCt
(67)	 • qt[ict — (1 — 6 f)Kt—di syt(At + KqtKt) +

The first order conditions for the decision variables Ct , Kt, ift and At include
all the constraints and

(68) act
aut = AtPt ,

aut	i  	 ravt+i[At,(1- 8f)Kt] 

1+ p	 I_	 a[(1- si)Kt]	 (1-8f)] 7tnqt,(69) Olft	
Atqt

(70) aUt = AtMt +

and
	1 Vta 4-1[At, (1 — 8f)Kt] 	x ,

	E
	1 + p

t	 At -i- -yt = 0.(71)
OA,

The Envelope Theorem implies

avt+1[At,(1- (5f )Kt] 
(1- sý )	 (1- sf)At+igt+i

OR1- 6i)Kti

19We suppress these arguments for simplicity.
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and
OVt+1[At, (1 — 8f)Kt ] 

	OA	
(1+ Rt+i)Ati-i-

t

Thus, the first order condition for durables, and the updating equation for the
marginal utility of wealth, can be rewritten as

	Ut	i - (5f „
(72) Atqt 	 ritlAt+igt+i] — 7tKqt

	

aKt	 1+ p

and
1 

(73) At	
p

Et[(1+ Rt+1)At+1]+

The first order conditions are quite similar to the conditions in the perfect
certainty case, cf. section 2.2. The main difference is that in an environment of
uncertainty, the marginal utility of wealth, At+1 , and the after-tax interest rate,
Rt+i , become stochastic. In the case of no current binding constraint in the
credit market, the Euler equation (73) says that saving should be adjusted until
the marginal utility of wealth in the current period, equals expected marginal
utility of using the same resources next year added after-tax interest incomes. If
the household is constrained in the credit market, the marginal utility is greater
than the expected marginal utility.

If there are no binding constraints in any market, demand is determined by
substituting the value of At into the demand functions. If the good is a durable
good, the value of Et[At_Figt+1] must also be substituted into the demand
function. To complete this view of behaviour, we also assume that the
household at the beginning of the planning period calculates At according to the
Euler equation (73), and Et [At+i qt+i ], and that it uses all available information
about future prices and variables influencing future preferences in this
calculation. As time passes by, the household continuously acquires new,
unanticipated information about these variables. When the forecasting errors
are realized, the household (continuously) revises the value of Et[(1+ Rt-1-1)At+i]
and Et[k+iqt+d, and simultaneously adjusts demand according to the
unanticipated elements. The effects of unanticipated price changes are then
taken account of only through the changes in At -1--Et [( 1 Rt+ i)At+ i] and11-p
EtPtt+igt-Fil
by the coefficients on the (current) price variables, cf. equation (80). The
importance of distinguishing between these two aspects has been recognized
since the works of Heckman (1974,1976), and Ghez and Becker (1975).

To improve the knowledge about the stochastic process generating the marginal
utility of wealth, notice that we can always express the actual value of in At as
the sum of its expected value viewed from period t — 1, and a one period forecast

while the responses to anticipated price changes can be measured
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error Et that represents unanticipated realizations of the stochastic variables in
period t. It can be shown, cf. MaCurdy (1985), that this decomposition implies

(74) In At = p -I- in At-i	 Et,

where

(75) +P _
Rt

In [Et-i(e6t)]

Notice that p; is known at time t (but not at time t -1) since Rt is known at
time t.

Repeated substitution gives

(76) ln At E p; + In Ao 	Ei ,
i=0

and in order to adjust for the mean value of ln(1 Rt) across periods, we define
pr p ,; _ p*, where p* = (11t)Etj=0 p. We then find

(77) in At ln Ào p*t +	 p;* +E Ej ,

which indicates that in an environment where the household continuously
revises its predictions of the marginal utility of wealth to account for new
information, in At follows a stochastic process resembling a random walk with
drift. Substituting this result into the first order conditions, implies that
consumption and labour supply follow a nonstationary stochastic process over
life cycle.

We end this section by noticing that the introduction of uncertainty seems to
complicate the estimation of preferences for durables. In the perfect certainty
case with no binding constraints in the credit market, we can use the Euler
equation to express the first order condition for durables in terms of At only,
and not both A t and At+i , cf. equation (24). In the uncertainty case this is
more problematic, since the Euler equation includes Et [(1 Rt44 )At+1], while
the first order condition for durables includes Et Ptt _Fi qt+d, cf. equations (73)
and (72). Since the expectation of a product in general cannot be rewritten as
the product of the expectation of the two components, we must assume that
both the after-tax interest rate, and the purchase price of durables, are
non-stochastic if we want to follow the strategy from the perfect certainty case.
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2.4.2 MaCurdy's Fixed Effect Approach with Uncertainty
We are now going to study how MaCurdy ( 198 .- -■ 20o) suggests to utilize the Frisch
demand functions for estimation of a life cycle model of labour supply in the
case of uncertainty. This paper generalizes MaCurdy (1981) by allowing for
uncertainty, and since the perfect certainty case is treated thoroughly in section
2.3.1, we focus only on the estimation problems particular to the uncertainty
case.

Assume preferences can be described by

(78) E(1+ p)_
t (rcitCrtC r hit t 1/.4)h ),

t.o

where we and Loh are unknown parameters. In contrast to specification (29) the
taste modifier for labour is now related to a vector Nit of measured household
characteristics, and some unmeasured (random) characteristics f l it according to

(79) chit = exp (—NO — Eu),

where tp is a vector of parameters. MaCurdy disregards income taxation and
the possibility of binding constraints in the credit and labour markets, and the
Frisch labour supply function now becomes

(80) ln Hit = Fit am  wit + NitO *

where a a- 1/(Wh — 1), Fit a[In Ait — In Lod, 0* all) and ETit af l it . We recall
that w and A (equation (82)) are measured in real terms.

As argued in section 2.2.3 Ac, is latent and correlated with all the exogenous
variables in the model. Using the definition of Fit and the Euler equation for
the marginal utility of wealth, this implies that Fi t is latent and correlated with
all the exogenous variables in the model. In (1981) MaCurdy solved this
estimation problem by expressing the Frisch demands in terms of Fo before he
applied first differencing to eliminate Fio. Using equation (76), the labour
supply equation (80) can be expressed in terms of Fio ,

(81) ln Hit = Fio -1- a E + a in wit + Nazi? +
i=o

where hit E t + a Eti=0 Eij is the disturbance term. The disturbance term
represents the effects from omitted variables ;and the accumulation of all past
forecast errors.

20He did not estimate the model in this paper.
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Differencing this equation eliminates Fio, but we are left with the unobservable
variable paict , that is both household- and time-specific. Since p7t includes the
after-tax interest rate, it is correlated with all the exogenous variables in this
equation, and the error term yit. If the distribution generating the forecast
errors is such that Et_ i (efit) varies with changes in household characteristics,
Kt is also correlated with Nit and yit even in the absence of income taxation.
This means that without further assumptions, the first differencing approach
cannot be used for estimation of this equation.

If we can assume that Ki is constant across both households and periods, the
method of first differencing can be used. The introduction of uncertainty gives
an additional argument for treating the wage rate (and the wage rate growth)
as well as Rt as endogenous in the estimation. Since the wage rate and the
after-tax interest rate include unanticipated components, in wit and Rt are
correlated with current and past values of cit . A similar argument can be
applied on Nit , that is, for Nit being exogenous in the empirical analysis, it
must both be known prior to period one and uncorrelated with the unobserved
taste factors ET it . This fact is also of significance for the choice of instrument
variables, in that, for a variable to be a valid instrument, it must be
uncorrelated with all unanticipated components.

We then conclude that if we can assume that p7i is constant across both
consumers and time, the parameters determining the responses to anticipated
price changes can be estimated from panel data for at least two periods for the
actual good in question. In most cases, however, this assumption seems quite
unreasonable.

Regarding the estimation of the reduced form equation for the marginal utility
•of wealth, MaCurdy suggests to approximate the relationship corresponding to

equation (31), by

(82)	 Fit = ZitOt E /3E in wii AitOt
j=t

where subscript t on all the parameters and the variables indicates that they are
observed or anticipated at age t. MaCurdy interprets Ai t as the stock of assets
at the beginning of period t, and it is then exogenous for the household as of
period t.

Since the household is assumed to continuously replan as it acquires new
information, there is one (different) equation for each year. Subscript t is
introduced on all parameters to take account of that the parameter values may
change systematically with age. The reason is that, as the household updates
expectations about the distribution of future preferences and prices, this may
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well change the mathematical form of the reduced form expression for the
marginal utility of wealth. Hence, the (mathematical) form of this equation
may change across periods, but in order to simplify, MaCurdy assumes that
only the parameter values are changed.

Apart from the huge problems related to obtaining information about the
households' expectations about future wages and other exogenous variables, the
fact that Fit varies across both households and periods, makes it hard to think
of how we can estimate these equations without further assumptions. Recall
also that even for the most simple models, it is impossible to find the reduced
form expressions for Ait. We then conclude that MaCurdy's fixed effect
approach cannot be used for estimation of life cycle models under uncertainty.

2.4.3 Marginal Rate of Substitution Functions
This section focuses on how the marginal rate of substitution functions21 can be
utilized for estimation of within- period preferences, cf. Altonji (1986) and
MaCurdy (1983). We also show how this approach can be combined with a
particular use of the Euler equation to estimate the parameters of the
monotonic transformation of within-period preferences, cf. also the perfect
certainty case in section 2.3.4.

When we wish to estimate the first order equations (68), (70) and (72), it is a
problem that At is latent22 . These equations can, however, be viewed as (three)
separate expressions that can be used for elimination of At . Using the first order
conditions for consumption and labour supply, we find

(83)
—at — aUtiailt Tnt	  =

OUtI8Ct 	Pt

Here -(outiaift)I(autioct) is the marginal rate of substitution between
leisure and non-durables, and if the consumer is not constrained in the labour
market, the equation implies that, in equilibrium the person sets the marginal
rate of substitution between leisure and non-durables equal to the real marginal
wage rate.

Choosing a particular specification of the utility function, equation (83) does
only include variables that can be observed, the unknown parameters of the
within-period preferences, and the Lagrange multipliers of binding constraints.
Using a subsample of unconstrained households, the marginal rate of

21 According to Rust (1992) this method can be thought of as a special case of the method of
moments, cf. the next section, but with a different orthogonality condition.

22 In the estimation of equation (72) it is also a problem that Et[Ät-fiqt+i] is latent.

55



Empirical Life Cycle Models	 Social and Economic Studies 91

substitution functions can then be used for estimation of the parameters of
within-period preferences23 .

If preferences are additively separable within periods (in addition to
intertemporal additively separable) and the transformation function (1) t is the
identity transformation, estimation requires cross section observations on prices
and consumption of at least two goods, and the taste shifter variables. We also
need a set of instrument variables since the marginal rate of substitution
functions generally are not reduced form equations. If within-period preferences
are non-separable, we must observe the consumption of all goods, but we can
still use cross section data.

Equation (83) cannot be used for estimation of the monotonic transformation of
within-period preferences. Assume that the within-period utility can be written
as
(84) Utrt Kt,	 = (13t[Ut* (Ct, Kt, Ht)],

where (Dt is a monotonically increasing function and Ut* is a function that is
additively separable in Ct , Kt and H. The equilibrium condition corresponding
to equation (83) is now identical with equation (83), and it is impossible to
identify the parameters of the (D-transformation.

Since the Euler equation determines the household's relative preferences for
consumption and leisure in the various periods, it seems natural to use this
equation for estimation of the (D-transformation. Notice then that given
equation (73) we can also write

(85) At+1 = 1 „P [At(1 et+i ) — Y],
+ At+1

where et+i is the one period forecast error with respect to

[ 

(i+Rt+ i )At-Ei 
(1-1-p)At	 — 1], cf. appendix B.

At

Substituting for At and At+1 from the first order condition for consumption, we
obtain

(86)
C+10U41/8Cti-i 	1+p  VIOUtVOCt (1+

Pt-Fi	 — 1+ Rt+1 I.	 Pt
et+i) — 7t]

where (10't is the partial derivative of (I)t with respect to U.

If the household has rational expectations, et+. 1 is uncorrelated with

1+ p [(1Vt OUt*1
1+R+1 L pt aCt

23Since the various parameters of the marginal rate of substitution equations may be
functions of two or more parameters from the utility function, we may, however, be confronted
with an identification problem.

56



Social and Economic Studies 91	 Empirical Life Cycle Models

and specification (86) can be used for estimation of the parameters of the
(1)-function and the time preference rate p from a sample of households that are
unconstrained in the credit market, cf. the discussion of equation (62). Notice
that even though within-period preferences are additive, this specification
requires panel data (for at least two periods) for all goods influencing
preferences. The reason is that even though OUt*I8Ct does only depend on Ct,
the partial derivative of (I) depends on all goods. Under particular
circumstances, among them that the parameters of the 4P-function is
independent of household, estimation may also be possible with time series data.

If (IPt includes a stochastic component, the right hand side variables of equation
(86) may be correlated with the error term. Assume

[U;Wt, Kt, Ht) -I- 8 ir 2 — 1
(87) 4)t [Ut*(Ct, Kt, He)] =

62

where Si and 62 are unknown parameters, and nt is related to household
characteristics, Nt , and a stochastic component, (tot , according to
çt = exp{NtOn, -F (pd.

The equation corresponding to equation (86) in the case of no binding
constraints in the credit market, now becomes

autik+ , In au; 	 Pt+4 (1 62\ in U4 1 +åi .(51 
aCt+ ,	 act 	pt	 ut*

(88)	 — (Nt+1 — Nt)On + Rot — Sot+1 ln(1+ et+i)]

Since the error term Rot — (Pt+i +111(1 + et+i )] includes cpt , the right hand side
variables can be correlated with the error term, and they must be treated as
endogenous in the empirical analysis. If, however, (10t is deterministic, the error
term only includes the prediction error, and the right hand side variables can be
considered as predetermined in the estimation.

According to MaCurdy, this estimation method is sensitive to measurement
errors. If the error term of equation (83) includes measurement errors, the

predictions of ln(aUt* faCt),1n(OUt*+1 10Ct+1 ), and in  ut +si for known 61 , are
biased. Since the prediction errors do not satisfy X = X* '0,, where X* is the
true prediction and ?), is an error term that is randomly distributed and
independent of all instrument variables, estimation of equation (88) then yields
inconsistent parameter estimates.

The approach discussed above allows for a rich class of utility functions, since
we do not need to find the closed form solution for the demand functions. We
do not either need making any assumptions regarding the households'
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anticipations about future prices including the interest and the tax rates, and
the variables influencing future preferences. As it is presented here, it is also
assumed that we can ignore the possible selection problem from using a
subsample of unconstrained households in the estimation. In empirical
applications of this approach it may be a problem that it is difficult to find good
instruments for the right-hand-side-variables of the marginal rate of substitution
functions. Estimation of the transformation function (1) is also data demanding.

2.4.4 The Generalized Method of Moments
In this section we review the generalized method of moments (GMM). This
approach can be associated with Hansen (1982) and Hansen and Singleton
(1982). A recursive application of this approach has been used in Hotz,
Kydland and Sedlacek (1988), that allows a particular kind of intertemporal
non-separability in an analysis of labour supply. The estimation method in
MaCurdy (1983) can also be viewed as a variant of this approach, and the
approach is also described in Rust (1992) and in Hall (1993).

The basic idea underlying the generalized method of moments, is that economic
models typically yield a set of stochastic Euler equations that characterize
optimum. These equations imply a set of population orthogonality conditions
that depend on the parameters of the objective/utility function and some
observable variables. By setting the sample analogies equal zero (according to a
certain metric), we can estimate the parameters of the utility function (and
subsets of the parameters determining the law of motion of the state variables).

In order to clarify this approach, notice that in the case of no binding
restrictions in any market, the Euler equation (73) and the Frisch labour supply
function (70) imply

(89) E

[

——

Out 1 + Rt+1 1  OUt+11
Lmt 011t 1 p rnt+1 OHt+1

That is, in optimum the conditional expectation of the change in the utility
(evaluated at the true parameter values) from reallocating labour supply
corresponding to one pound labour income from period t +1 to period t, is
equal to zero.

Depending on what variables are observed and for what periods, various
combinations of the first order conditions can be substituted into the Euler
equation. The resulting orthogonality conditions do only include variables that
can be observed, and the parameters of the utility function. To simplify
notation, write the set of orthogonality conditions that are to be estimated as

(90) Etg(xt,xt+1,0*) = 0,
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where x t and xt+i include the household's decision variables, the exogenous
state variables such as pre-tax wage and interest rates and exogenous variables
influencing preferences, and the endogenous state variables such as the marginal
tax rate on wage and interest incomes, in period t and t -F 1 respectively.
According to our assumptions all variables subscripted t are known in period t,
while variables with subscript t 1 are random variables with respect to the
household's information set in period t. The vector 0* represents the true
parameters of the utility function.

Notice that g(xt , xt+i , 0*) can be interpreted as the disturbance vector, ut , in
the estimation, and that the orthogonality conditions must be chosen such that
the matrix u t u't has full rank.

Using the law of iterated expectations, equation (90) implies

(91) Eg(xt,st+i,r)	 E [Etg(xt , x t+1 , 9*)] = 0,

that is, the unconditional expectations also equal zero.

The next step of the analysis rests heavily on the assumption that {x t } is
(strictly) stationary, and before we continue the analysis, we define this term.
According to Ogaki (1993), a time series {s t} is stationary if the joint
distribution of {x t ,	 xt+k} is identical to those of Ist+s,...,xt+,441 for any
t, k and s. This requirement is quite restrictive, and it implies that when they
exist, the unconditional moments Ex t and E(stxt'44) cannot depend on t for
any k. Hence, deterministic trends, autoregressive unit roots, and unconditional
heteroskedasticity are ruled out (but we may have conditional
heteroskedasticity). Since macro-economic variables often exhibits
nonstationarity, it also means that the econometrician must be particularly
careful if he is using macro data. (Ogaki presents some examples of how
aggregated variables can be transformed in order to remove nonstationarity.)

Returning to the original analysis, we notice that if the unknown parameters
are independent of time, and if {x t } is a strictly stationary and ergodicm
process, the time averages of functions of xt converge to their unconditional
expectations with probability one,

(92) lim -	 g (x t , xt+1 ,0*)	 E[g(x t , x t .+4, Om)]	 0,
T—oo T t.1

cf. Dudley (1989).

By analogy we estimate 9* by that value of Ö that makes the sample average

+ ET-1 g(xt, xt+1, ö) close to zero.

24 See Cox and Miller (1988) page 92-93 for a definition of an ergodic process.
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If the number of unknown parameters is greater than the number of
orthogonality conditions, we cannot identify the parameters. Hansen and
Singleton then propose to use a vector of instrument variables, vt , that can be
any function of the household's information at age t, provided it is observed by
the econometrician. Apart from this, the only requirement is that vt is
predetermined as of time t, and current and lagged values of x t can then be
used. In this case the Kronecker product Etg(x t , xt+i , 91 vt

g*(x t ,xt+i ,vt ,9*) equals zero, since vt can be treated as a constant in the
calculation of the expectations. By analogous reasoning that lead to equation
(92), we find that

1
GT(0) = —

T 
E g* (st, xt+ ,, vt, e),

evaluated at the true value of 0 = 0*, should approximate zero for large values
of T. Assuming {xt , vt} is a strictly stationary, ergodic process, Hansen and
Singleton define the GMM estimator ö as that value of 0 that minimizes

(94) TT(0) GT(0)'WTGT(0),

where WT is a symmetric, positive definite weighting matrix. This estimator is
consistent and asymptotic normally distributed under mild regularity
assumptions, cf. Hansen (1982). According to Hansen and Singleton, it is also
consistent even in the case that the error terms of the orthogonality conditions
(90) are serially correlated and the instruments are not exogenous, but only
predetermined.

Hansen and Singleton explain how to choose WT optimally, in order to
minimize the asymptotic covariance matrix of the estimator. The estimation
method then becomes a two-stage procedure: In the first stage, estimate 0 by
equation (94) using an arbitrary weighting matrix. Calculate the optimal
weighting matrix WIT,' according to

(95) [fio +	 (1 m j+ 1 )	 4- ill)] 7

3=1

where

T	
g*	 )g*(xt—j,st+i_i,vt_i7 i) 1 7
,

t=3-1- 1

and where m equals the number of non-zero autocorrelations in
g*(xt , xt+1 , vt , ij). Then, in the second stage, estimate '0 by equation (94) using
the optimal weighting matrix.

(93)

(96)
	

R=
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Hansen (1982) shows that T times the minimized value of equation (94)
evaluated at the optimal weighting matrix,

(97)	 TGTOYIrIGT(

is Chi-square distributed with degrees of freedom equal the number of
orthogonality conditions, O, minus the number of parameters, P. This result
can be used for testing model specifications: In the estimation, P of the
orthogonality conditions are set close to zero in order to estimate the P
unknown parameters. If the number of orthogonality conditions exceeds the
number of unknown parameters, 0 — P of the orthogonality conditions are not
used in the estimation, and the model is said to be overidentified. However, if
the model specifications are true, these orthogonality conditions should also be
close to zero. This means that if the test statistics (97) is "large", there is
reason to believe that there is something wrong about our model specifications
including the choice of the instrument variables. Thus, the general method of
moments also provides a test for the validity of the model specifications.

2.4.4.1 Advantages and limitations of Euler equation methods
The main advantages of this approach are:

• Only minimal assumptions about the distribution of the unobservable
exogenous state variables are required.

• Conditioned that the data satisfy the requirements of the method, GMM
can be applied on time series, and cross section or panel data sets where
the orthogonality conditions are based on averages for the consumers. In
this latter case consistency of the estimated parameters requires that the
state and control variables of the Euler equation are uncorrelated across
consumers. GMM is then quite flexible with regard to data set
specifications.

• The instrument variables need only be predetermined and not exogenous,
and the approach gives considerable latitude in selecting instruments.

• We do not need to explicitly solve for the value function or the optimal
decision rule. Instead we can use the Euler equation and the first order
conditions.

• Standard gradient algorithms can be used for estimation.

• The approach yields a useful diagnostic test statistic as a by-product.

According to Rust (1992), GMM is not applicable for the following model
specifications:
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• Specifications with binding constraints in the goods and/or the credit
markets, cf. equations (5) and (6), and the possibility of institutional
constraints in the labour market. In this case the orthogonality conditions
will be inequalities and not close to zero.

• Most specifications where the unobserved state variables enter the Euler
equation directly, that is, not implicitly as functions of other observed
state and control variables. For instance, unobserved components of the
exogenous variables cannot influence preferences directly. These variables
are typically correlated with the forecast errors that arise from
unanticipated realizations of prices and variables influencing preferences,
and they are then correlated with the price variables and the taste
modifier variables in the Euler equation. Hence they cannot be treated as
a part of the error term.

• Specifications where the Euler equation contains state or control variables
that reflect macroeconomic shocks that are correlated across consumers.
In this case the data might not satisfy the ergodicity conditions, and the
result (92) may not be valid.

• Specifications where the transition probabilities for the endogenous and
exogenous state variables depend on the household's decisions. In this
case the first order conditions include the value function V, cf. equation
(66), and it seems to be no way to substitute it out of the problem. To
find the orthogonality conditions corresponding to equation (90), we then
must make explicit parametric specifications of the law of motion for all
the state variables.

Regarding the point of binding constraints, in some cases we can also think of
specifications where the econometrician makes use of that he knows what
households will be unconstrained in the future. However, as Pakes (1991) points
out, "If we simply select out those observations for which it ends up being true,
we will be selecting the sample on the basis of behaviour determined by
information not available at date t, and any selection procedure based on such
information will generate an inconsistency in the estimation procedure.".

Rust also comments on a problem with the use of the test statistic (97), that is,

• The unconditional expectation of the Euler equation can be close to zero
even though the conditional expectation may be non-zero for some
histories.

The point here is that while the conditional expectation of the Euler equation is
zero for every history given that our model specifications are true, the criterion
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function (93) attempts to set the average of expectations, that is, the
unconditional expectation, to zero. This means that if our model is misspecified
such that the conditional expectations are non-zero, but on average equal zero,
the test statistic (97) fails to reject the model specifications. See also West
(1986) for an interesting illustration of this problem.

2.5 Summary
From this chapter' it should be apparent that a great deal of effort has been
spent trying to estimate structural life cycle models on micro data. Despite this
effort most empirical analyses make use of strong simplifications. Most works
are incomplete in the sense that they do not account for the simultaneity in the
determination of labour supply and consumption, and in particular the
consumption of durables. In addition most works disregard habits.

While these simplifications concern the specification of preferences, the
specification of the wealth constraint is also simplified. Many analyses treat
income taxes as well as the existence of bequests and inheritances superficially.
Most analyses also disregard the many possibilities of constraints in the various
markets, and even if they are taken into consideration, the model is usually
estimated from a subsample of unconstrained households without trying to
correct for the possible estimation bias.

There are many reasons for these simplifications, the most important being
that, ideally, estimation of the full life cycle model requires complete life cycle
data for variables such as female and male labour supply, consumption of
non-durables and durables, the stock of assets and all the matching prices;
including the interest and income tax rates. Since households adjust according
to anticipated prices, and the expectations are continuously being updated as
the household acquires new information, ideally, these expectations should be
observed in each period. To allow for heterogeneous households, we also need
observations of taste shifter variables, and the estimation of the wage equation
requires variables such as female and male education and work experience.
Depending on the econometric specification, we may also need further
instrument variables, and the estimation of a complete life cycle model is then
very data demanding.

Estimation of the preferences for durables involves a particular problem.
Economic theory is weak with respect to how to measure the stock or
consumption of durables, and without a precise definition, the price is also
undefined. This means that the standard first order conditions are not
particularly suitable for estimation of the preferences for durables.

Estimation is considerably simplified if one is willing to assume intertemporal
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additive separability. Within-period preferences can then be estimated using
only variables currently observed, cf. the equations based on the marginal rate
of substitution functions or the two-stage budgeting theory.

If we can also assume intraperiod additive separability and that the monotonic
transformation 43.t is the identity transformation, it is possible to estimate the
parameters determining the responsas to current price changes along a given life
cycle price path, using panel data for only the actual good in question, cf.
MaCurdy's fixed effect approach. Since many cross section data do not include
observations of both labour supply and consumption, this property is of
importance.

In order to analyse the effects of shifts in the price paths, MaCurdy suggests to
estimate the reduced form equation for the marginal utility of wealth. This
estimation typically requires approximations to the true relationship, and a
priori assumptions about lifetime price paths. A considerable weakness of this
approach is that it cannot be used if the consumers are uncertain about future
prices and variables influencing future preferences. It also restricts preferences
more than the approaches based on the marginal rate of substitution functions
and the two-stage budgeting theory.

While the equations based on the marginal rate of substitution functions and
the y-conditional demands can be used for estimation of within-period
preferences, they cannot be used for estimation of the monotonic transformation
of within-period preferences. It is then suggested to combine these approaches
with a particular use of the Euler equation. In the two-stage budgeting theory
case this method requires panel data for full income and all prices, in addition
to observations of the after-tax interest rate for at least the current period. On
the contrary, the estimation based on the substitution functions requires panel
data for all goods and one price in addition to observations of the after-tax
interest rate, and this result is independent of the separability property of
within-period utility. Since most data sets do no include all these variables, and
since the number of years covered by panel data is typically quite short, most
analyses do not estimate this transformation.

We end this chapter noticing that common to all the surveyed estimation
strategies is that they use the first order conditions as basis for deriving the
specifications used for estimation. Compared to the real world, the first order
conditions are restrictive in the sense that the household is to compare marginal
utility with the marginal cost of buying the good. Concerning labour market
decisions for instance, it might be the case that the job searchers only can
choose between a limited number of packages that consist of wage rate, hours of
work, fringe benefits and other working conditions, cf. Dagsvik and Strøm
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(1992). The job searchers must then make utility comparisons between these
packages, and the first order conditions do not hold. This argument is also
relevant for some durables, and it implies that the predictions based on
estimations of the first order conditions can be biased no matter how
sophisticated the estimation procedure really is. Considering also all the
simplifications pointed out at the beginning of this section, we conclude that we
cannot be satisfied with the current stage of development and knowledge of the
empirical life cycle model of labour supply and consumption.
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3. An Empirical Life Cycle Model
of Savings, Labour Supply and
Consumption without
Intertemporal Separability

3.1 Introduction
This chapter formulates and estimates an empirical life cycle model for
two-person households that choose labour supply and consumption including
consumption of durables in an environment of uncertainty about future prices.
Ideally, estimation of this model requires complete life cycle data for all these
goods and households' expectations about the corresponding prices, including
the interest and the income tax rates. Since there exist no such data sets, and
economic theory is rather weak on how to measure the demand for durables,
empirical work treats at least some of the goods in a rather summary way. We
will also argue that measurement error in the observations of the consumption
of non-durables may be important. The point of departure of this work has
then been to modify the theory so that a complete life cycle model of labour
supply and consumption of durables and non-durables can be estimated in the
absence of reliable data for consumption of non-durables, and the purchase
price and the physical stock of durables. In contrast to the standard, and
presumably unrealistic, assumption of intertemporal separability, we allow for a
particular kind of non-separability in the demand for durables.

The chapter is organized as follows. Section 3.2 including its subsections
presents the standard life cycle model of consumption of durables and
non-durables, and discusses some of the problems related to estimation of
preferences over these goods. We discuss the serious measurement problems,
and raise the important point that the first order condition for durables does
not reflect the existence of fixed costs in the demand for durables. The standard
assumption of intertemporal separability is also discussed.

In Section 3.3 we present the general framework of the complete model to be
estimated. We introduce a particular form of habit persistence in the demand
for durables. The specification is analogous to the one that is found in Boyer
(1991), Hatz, Kydland and Sedlacek (1988), Johnson and Pencavel (1984) and
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Muellbauer (1986). However, in contrast to these works, which analyse labour
supply and consumption of non-durables, we relate this specification to the
stock of durables. We argue that our specification is consistent with an
interpretation that says that the household gains utility from an increase in the
stock of durables relative to what "remains" from the last period. In the
determination of what "remains" from the last period, we allow for physical as
well as psychological depreciation. Psychological depreciation is introduced to
take into account that after some time the household may tire of the present
stock of durables. This means the physically existing capital stock does not
yield as much utility as before, but since it can be resold in the market, it must
be treated differently from the stock that is physically depreciated.

If the stock of durables is totally depreciated (in the utility context), our
specification of the utility of durables implies that utility depends on the stock
of durables. Hence, the standard specification of the utility of durables is a
special case of our specification.

It appears that an advantage of our interpretation is that it leads us towards a
specification that can be estimated in the absence of reliable observations of the
consumption of non-durables, and the purchase price and the physical stock of
durables. This advantage is demonstrated, before we end Section 3.3 by
commenting on the estimation strategy. Section 3.4 presents a particular
empirical specification which is estimated, and in Section 3.5 we look at the
details of the estimation procedure. Section 3.6 gives an account of the data,
and Section 3.7 presents the estimation results. Finally, some concluding
remarks are made in Section 3.8.

3.2 Confronting the Standard Life Cycle Theory with Data

3.2.1 The standard framework
We now look at some problems related to the estimation of preferences over
durables and non-durables. In order to focus on the main problems, assume
that lifetime preferences are an inter- and intratemporal separable function of
durables and ordinary consumer goods only. Thus

(98)	 U0 --= E(1+ 	 [U(C) +Ukt(Kt)] ,
t=o

where p is the time preference rate, K denotes stock of durables, C is
consumption of non-durables, and subscript 0 and T denote the beginning and
the end of the planning horizon. We also assume perfect certainty about future
prices and preferences, that labour supply, H, is exogenous, and that the
subutility functions Uct and Likt are strictly concave and twice differentiable.
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In the absence of personal income taxation, the within period wealth
constraints are

(99) wtHt + (1+ rt)At- i = PtCt -4- qt[Kt (1 - 8f)Ift_ i]+ At , t O,1,• • •,T,

where A is assets measured in nominal terms, r is the nominal interest rate, w,
p and q are the nominal prices of leisure, non-durables and durables, and åf is
the physical depreciation rate for durables. If Sf < 1 (and > 0), the
specification of the wealth constraint implies that durables can be sold in a
second hand market.

Despite the fact that households may face different 25 prices, we assume that all
(pre-tax) prices are equal for all households. Except for the fact that bequests
at the beginning of the planning period can be exogenously included into the
value of Ao, we do not take explicit account of the possibility of bequests.
Neither do we consider that families can place their wealth into other kinds of
assets, such as bonds, shares, pension funds, arts or antiques.

We assume that durables are bought at the end of the period. Since this stock
is continuously being depreciated during the subsequent period, qt (1 - Sf)Kt _ i

is the market value of the stock of durables that was demanded in the last
period and that is left at the end of period t.

In what follows we assume that there are no binding credit market restrictions.
Maximization of the preference function (98) subject to the wealth constraint
(99), given values of initial stocks of assets and durables, and the terminal stock
of assets, yields the following first-order conditions,

auc-t act = Atpt, t	 0,1, • -•,T,

aukt 	 Atqt	 1
U nqt+.1, t = 0,1, • • • ,T 7

01ft 	p

and
1

(102)	 At = 
1 + p

(1+ rt+i)At+i, t = 0,1,- - 71 - 1,

where At is the Lagrange multiplier, i.e. the marginal utility of wealth.

3.2.2 Some data and measurement problems
Equations (100) to (102) and the wealth constraints (99) constitute a
simultaneous equation system that determines Ct , Kt , At and At , for
t = 0,1,- - - ,T, as functions of all the exogenous variables of the model,

25The households may face different prices, for example, because they live in different
regions of the country or because banks offer different terms to different customers.

(100)

(101)
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including the parameters of the lifetime utility index. In most cases it is,
however, impossible to find these reduced form equations. If A can be observed,
however, it appears that the relevant demand functions in the life cycle context
are the Frisch demands, cf. MaCurdy (1981).

Concerning the estimation of these functions, it is a problem that A t is latent
and depends on all the exogenous variables of model. In chapter two we
discussed various solutions to this problem. These solutions typically involve a
two stage estimation procedure, where the first stage involves estimation of the
parameters related to intraperiod allocations, while the second stage involves
estimation of the parameters related to interperiod allocations. However, even if
one estimates only within period preferences (stage one), which typically
requires less data, it appears that the data requirement is quite large. For
instance, in the estimation of the differenced marginal utility of wealth constant
demand functions, MaCurdy's fixed effect approach, cf. MaCurdy (1981, 1985),
demands panel data for consumption and (after-tax) prices for all goods (at
least one), for at least two periods. Similarly, estimation of the y-conditional
demands in the two stage budgeting theory discussed in Blundell (1987) and
Blundell and Walker (1986), demands cross section data for the consumption of
all goods, for a variable labelled full income 26 , and for the simultaneous
distribution of all current (after-tax) prices. Altonji (1986) and MaCurdy
(1983) propose using the marginal rate of substitution functions, and this
approach requires cross section data for all goods (at least two) and their
(after-tax) prices. In addition, these approaches may need instrument and
taste-modifier variables, and in order to account for eventual cohort effects,
estimation of the instrument equations may require panel data. Since the
decisions with respect to labour supply and consumption of non-durables and
durables are taken simultaneously, ideally, our data should include observations
for all these goods. Taking also into consideration the fact that estimation of
the parameters determining interperiod allocations typically requires panel
data, estimation of complete life cycle models of labour supply and consumption
is very data demanding. This extensive data requirement is important to have
in mind as we look at some problems that are particular to the estimation of
the preferences over durables and non-durables.

A particular problem in the estimation of equation (100), is the measurement of
consumption of non-durables. Non-durables include a variety of goods, and the
measurement of the consumption of all these goods requires detailed household
accounts. To reduce costs, many goods are bought infrequently, but in large
quantities each time. This fact, and the fact that the consumption of many

26 Blundell (1987) defines full income as the sum of the household's interest incomes, the
value of its initial time endowment, and the asset accumulation.
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goods is season specific, implies that consumption patterns should be observed
over longer time periods. Hence, without having access to detailed household
accounts for longer time periods, it is hard to obtain reliable observations of the
consumption of non-durables.

However, if we observe the cash flow related to the purchases of durables and all
income components as well as income and wealth taxes, we may use the period
specific wealth constraints and the consumer price index to calculate the
consumption of non-durables. But since we, in most cases, do not observe the
purchase of durables in addition to all the other variables we need, this method
is rarely useful.

Concerning the demand for durables, notice that if there are no binding
constraints in the credit market, the first order condition (101) can be written

auct
OKt = At {qt ("f)

qt+i 
1 rt+i

where qt [(1 — Sf)qt-Fi/(1 rt+i)] is the user price of durables (including
capital gains).

Again, measurement problems are serious. According to economic theory,
consumption should be measured in physical units or in real terms, and not as
an expenditure evaluated in current prices. It is also evident that consumption
is a stream which should be measured per time unit, but apart from that
economic theory gives very few guidelines. Since durables yield a flow of
services for many periods, it is difficult to quantify the consumption of durables
for a particular year.

Assuming there is a fixed relationship between the consumption and the stock of
durables, the stock can be used as an argument in the utility index, cf. equation
(98). The measurement problems, however, are still serious. An important
reason is that durables typically have many characteristics that influence utility.
For example, the utility of housing depends on characteristics such as location,
the number of different kinds of rooms and "quality". The multiplicity of
characteristics mean that a division of housing into homogenous subgroups will
inevitably result in a huge number of groups. Even if it was possible to define
these groups, it is still a problem that no existing data set includes all the
information required to determine the distribution of all housing into the
various groups. This fact becomes even more accentuated when we consider
that estimation typically requires observations of other variables as well.

According to equation (103), the user price of durables is the relevant price for
the demand for durables. Another problem related to the estimation of
preferences over durables then is how to measure the user price of durables.

(103)
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This price is only rarely realized in the market, which means that for practical
estimation purposes it cannot be observed directly. An alternative is to
calculate it indirectly using observations of the purchase prices, the (after-tax)
interest rate and the physical depreciation rate. Notice then that the practical
problems related to the measurement of durables also make it problematic to
quantify the purchase price of durables. Since the user price includes the
purchase price from two different periods, and the depreciation rate is rarely
known, this means that the indirect method can not be used either.

The difficulty of observing the purchase price of durables suggests an
approximation in which we use the (real) market value of durables27 as an
argument of the utility index. A problem with this approach is that, since most
second-hand durables are only rarely resold, it is difficult to obtain reliable
predictions of the market values for all relevant goods. Although this problem
may be serious, it is not obvious that it is more serious that the problems
related to the measurement of expenditures on non-durables. It may be easier
to ask for information about the most important durables than about a large
number of non-durables.

The fact that many data sets do not include the market value of durables, in
addition to all the other variables we need for estimation, is a serious problem.
Since we typically do not observe qt (1 — 8f )Kt_ i and the other components of
the wealth constraint, indirect observation through the wealth constraint is also
difficult.

We therefore conclude that it is difficult to obtain reliable observations on the
market value of durables. Due to missing theoretical foundations, it is even
more difficult to determine and observe their consumption and prices. Reliable
observations of the consumption of non-durables are also difficult to obtain, but
this is due to practical problems and cost considerations, rather than theoretical
problems.

In what follows we assume that the only consumption data we observe are
qt Kt_ i and the total cash flow related to the purchases of durables and
non-durables. The cash flow may be calculated indirectly through the wealth
constraints.

3.2.3 Some additional arguments in favour of an alternative
specification for durables

If 6f equals one, either because there is no second-hand market or because
physical depreciation is high, the user price coincides with the purchase price.

27 In order to get a kind of a real value the market value can eventually be divided with the
consumer price index.
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Since durables and non-durables are treated in the same way in the utility
index, this means that, apart from the fact that some durables can be resold,
standard economic theory treats durables analogously to non-durables. As will
now be argued, it is not obvious that this should be the case.

Standard life cycle theory assumes that consumption of durables can be treated
as a continuous variable, and that no transactions costs are incurred in
purchasing these goods. According to the first order condition (101),
consumption should be adjusted until the marginal utility of durables equals its
(net) marginal cost. This means that the demand for durables should
continuously be adjusted in accordance with changes in the user price. In the
case of housing, these adjustments involve important transactions costs of both
the pecuniary and non-pecuniary kinds. If we divide housing into homogeneous
subgroups with respect to location, number of rooms, and quality, we can also
question whether it is reasonable to assume that it is possible to make marginal
changes in its consumption. (This fact is also relevant for labour supply.) Both
these facts raise the question of whether the marginal, and quite fine,
comparisons that follow from the first order conditions, are good
approximations to the comparisons households actually make. Maybe the
household adjusts more roughly, in the sense that it can only choose between a
limited number of baskets of goods. In the case of the demand for housing we
can think of this basket as consisting of the purchase price of the housing,
location, number of rooms, and a measure of quality. Households then choose
the basket that maximizes utility.

Another argument in favour of a specification for durables other than the one
presented in equation (98) is the following. Economic theory allows
OPUt/aX-0/8X; 0, where Xt and Xt* = Ct , Kt , for t, t' =0,1,2, - • •T. That
is, the marginal utilities may depend on the consumption of all goods in all
periods. Estimation of specifications that are based on the first order conditions
then requires life cycle data for the consumption of all goods (in addition to the
other variables that are needed).

Given this fact, most empirical analyses realize that some kind of separability
assumption must be invoked. Most empirical analyses assume that preferences
can be reasonably approximated by an intertemporal separable function, and it
is also frequently assumed that even the within-period utilities are separable, cf.
equation (98).

Intertemporal separability means that aputioxtvax; 0, where Xt and
)qc = ct , Kt ,t Ot' for t, t' =0,1,2, - -T. That is, the marginal utilities are
functions of current consumption only, and it is possible to estimate
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within-period preferences from cross sectional data only, cf. Altonji (1986),
Blundell (1987) and MaCurdy (1983).

Intertemporal separability does, however, imply that habits play no role in the
demand for the various goods. Duesenberry's (1949) relative income hypothesis
focuses on habits in aggregate demand, and Muellbauer (1986) claims that
"Evidence from the estimation of complete systems of demand equations
suggests that habits or persistence effects play an important role in consumer
behaviour.". Boyer (1991) concludes that her estimation of a life cycle model
"strongly support the importance of past hours in determining current hours
decisions.". We therefore conclude that the assumption of intertemporal
separability seems to be rather unrealistic.

3.3 A Model with Habits or Psychological Depreciation
This section considers modifying the life cycle model outlined in the previous
section to account for habits in the demand for durables. The modification
relies on a story in which habits inference the demand for durables, but not the
demand for non-durables. An advantage of this modification is that it can be
estimated for the case in which we observe neither the consumption of
non-durables nor the price and the physical stock of durables.

The model_ is extended to include female and male labour supply, personal
income taxation and the possibility of credit market constraints, and constitutes
the general framework of the empirical analysis.

3.3.1 The model formulation
Assume lifetime preferences

1 
(104) Ut = E 	

1c-T

.G[Uzk(Zk) E u3 k(L3 0]
k=t (1 + ())	 i=f,m

where L1 and Lm are female and male leisure, and Z is a composite good
defined as
(105) , qk 

L
 rz

kZk Ck - i‘ - 13Kk-1.11
Pk

where )3 is a constant. The good Z then includes both non-durables and
durables. In the next section we present a theory that leads to this specification
and the interpretation of /3, but for the moment we merely postulate that Z is
the relevant consumption good related to the consumption of durables and
non-durables.

The G-function is a monotonic transformation of within period utility that
determines the intertemporal allocation of goods. For simplicity it is assumed
independent of time. Notice also that the introduction of the G-function does
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not reflect the fact that the conditional orderings on female labour supply may
depend on male labour supply and vica versa.

The period specific wealth constraints corresponding to the utility index (104)
now become

E //DAR-A+ rkAk-i	 1-k (wfklifk, wmkHrnk,rkAk-i)
i=f,rn

(106) + Pk Zk Spqkifk_ i + Ak , k = t, • - ,T,

where the introduction of the term -Sp qkKk_ i is due to the definition of 25k.

In order to account for personal income taxation, we have introduced the tax
function Ik (WfkHfk,wmkilmk,rkAk_1). Thus, income taxes are levied on wage
and interest incomes, and we ignore wealth taxes. If A is negative, the
household is in a net debt position, and the specification of the tax function
allows deductions of interest expenses. The index k on the tax function
indicates that the marginal tax rates vary across periods.

Since purchase of durables are often financed by loan, the possibility of credit
market constraints should be considered. We follow Manger (1987), and assume
that the families can borrow only against mortgage in property. That is, net
debt raised at the end of the period, -Ak, cannot exceed a fraction c of the
market value of the stock of durables at the end of that period, qkKk,

(107) Ak < kqkKk, k=t,t+1,•••,T.

It is assumed that t is invariant of both time and characteristics of the
household.

As opposed to Manger, we do not observe whether or not a household is
constrained since we do not know K and do not observe qkKk. (In the empirical
analysis we assume K is known and approximate qkifk by qk4-1Kk-)

Despite the importance of labour market constraints we only account for the
non-negativity constraint,

(108) = fon, k =t,t+1,•-- 7 T.

Leisure and labour supply are also constrained through the time budget, that is

(109) = -	 k =t,t+1,••• 7 T.

We also allow for uncertainty about future prices, including the marginal tax
and interest rates. The household maximizes the expected value of the
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INIIIMIIIMIIIIMIIMMENIIMIINIIMINIIIIIIIIIIIIMININIMMIIIIIr	

time-preference-discounted sum of lifetime preferences with respect to Zti, fife
and 11,,ti, for t' = t,t +1,- • • ,T, subject to the constraints stated above and
given values of At_i, Kt_1 and AT.

Necessary conditions for an optimum are the satisfaction of all the constraints
and

A
, Uzt 

kJ'	 = ÄtPt,(110) 
aZt

0-
 '- a it(111) G = At ritjt + ait, j = f, mOLit

and
1 

(112) At ---=--- 
1 d- p

Et[(1- -F 1- t-E-1)At+i] -1- /Pt,

where "tilde" denotes that the variable is evaluated at the optimum, G' is the
partial derivative of G with respect to [U(Z) -I- E U2(L)j, and

(113) mit E------ wit 
[i

	

aft	 1a(w3tH3 t)

and
art+i  I(114) Rt-pi -FF. rt+i [1

a(rt-i-tAt)

are the after-tax marginal wage and interest rates. The Lagrange multipliers At ,
Ipbt and aj t , j = f, m, which are associated with the wealth constraint, the
borrowing constraint and the labour supply constraints, are all household- or
person-specific.

3.3.2 The specification of the composite good
To focus on the essential properties of the composite good, neglect the
monotonic transformation function G of the preference function (104), and
assume that the preferences over consumption of non-durables and durables can
be formulated as

(115)

Vo = Vo(Ko, Ki, • - • , KT , Co, Ci, • • • ,CT) =
T	 1

tE=0 (1 + py {U kt [If t — f3Kt— i] + U. ct (C til -

If )3 = Ci, preferences are given by

T 1
( 1 + P

(116)	 Vo = E 	  U kt (K t) + U ct (C t)} •
t=0 
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That is, if ,3 = 0, our treatment of durables coincides with the standard
specification (98). In order to introduce more flexibility in the demand for
durables, we assume that the preference structure underlying the demand
behaviour can be defined with respect to a reference bundle, Kt-i, cf.
Spinnewyn (1981), Phlips (1972,1974), Houthakker and Taylor (1970), and
Stadt, Kapteyn and Geer (1985). The parameter [3 then measures the extent to
which the reference bundle influences current decisions.

The choice of reference bundle varies across analyses. Houthakker and Taylor
(1970) assume that when households hold physical inventory of the actual good,
the demand for the good depends on its stock. The reference bundle is now the
stock of the good. For other goods such as tobacco, beer and spirits households
do not hold inventories of any significance. Many researchers and other people,
however, believe that these stimulus are habit-forming, and we can say
metaphorically that households have built up a psychological stock of smoking
and drinking habits, cf. Houthakker and Taylor. The reference bundle is now
this psychological stock of habits, and according to Phlips (1974), this
"built-in" mechanism is typical for other kinds of non-durables as well.

According to the habit-interpretation, we would expect that /3 (in equation
(115)) satisfies the condition 0 < < 1, and that f3 measures the extent to
which habits influence current decisions28 . Boyer (1991), Hotz, Kydland and
Sedlacek (1988), Johnson and Pencavel (1984) and Muellbauer (1986) use a
similar specification for preferences over leisure and non-durables.

Notice also that a more general means of accounting for habits, would be to
introduce OiKt_i, where we may reasonably assume Ot_m, > Ot.„, for
n > m.

While the examples above are related to habit formation, Alessie and Kapteyn
(1991) are concerned with the fact that household preferences are influenced by
the behaviour of other groups of households. The reference bundle is then the
consumption of these groups, but the reason for introducing the reference
bundle is not habit formation. Phlips (1974) classifies this type of taste changes
as taste changes that result from better outside information due to external
influences on the household. For instance, by talking with its neighbours, or
reading advertising, the household may obtain new knowledge about goods that
it has not yet purchased. Another example is that the consumption of a
particular good may reveal that the good is harmful to the health of the
consumer.

'Muellbauer (1986), using quarterly US consumption data, claims that f3 can be negative if
Kt is purchases of durable goods, but this argument does not fit our specification since Kt is
stock of durables.
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The reference bundle can also represent minimal requirements of different goods
from a physical point of view, cf. the linear expenditure system.

These examples indicate that the reference bundle may well change over time,
and that it may depend on past experience. Specification (115) implies that
households have rational, in contrast to myopic, habits, cf. Muellbauer (1986)
and Spinnewyn (1981). This means that households recognise that current
consumption decisions influence their future marginal rates of substitution. A
disadvantage of assuming rational habits from an econometric point of view is
that, if households maximize utility with respect to K, the two-stage budgeting
property no longer holds since the intertemporal utility function is no longer
separable. In what follows we will assume that the relevant good related to the
consumption of durables can be measured by (Kt - f3Kt_ i ), and in this case
intertemporal utility is separable (in (Kt - f3Kt-i))•

In order to present an interpretation of ß which is particularly relevant for
durables, split p into two components according to

(117)	 13 -=' 1 - 6f - åp ,

where we recall that Jf is the parameter for physical depreciation, and where 6p
is the parameter we label as psychological depreciation.

It is assumed that habits are determined by the stock of durables that was
demanded in the last period after deductions for physical as well as
psychological depreciation. Physical depreciation equals (5fIft _ l . The reason for
introducing psychological depreciation is that, according to our theory, the
household gets tired of the current stock of durables and wants a change. An
example may be the household that moves into a new flat and after some time
starts looking for a new flat. Another example may be the husband who, for
some months, is very fascinated with his new car, but after some time loses
interest. In a utility context this depreciation should also be deducted. But
since the psychologically depreciated good 8pKt _ i can be sold in the market, we
must distinguish between physical and psychological depreciation. At the end of
period t the utility relevant stock of durables is then (1 - 8f - åp)Kt_ i .

According to this story it seems reasonable to assume that (sp > O. On the other
hand, if durables are not worthless with respect to utility, but for some reason
or another are of sentimental value, 8, can well be negative. It is then
reasonable to assume that the size of (sp depends on the actual good, and that it
may be household- and age-specific. Despite these facts, in the empirical
analysis we approximate and assume that 05p is constant, that is, independent of
all these variables.
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The upper limit of fi implies that .5/ d- 8 > O. If Sf d- Sp = 0, equation (115)
reduces to

1

tE=0
(118) Vo =	

( 1 + P)t
{Ukt{[Kt - K1] + Uct (Ct)} .

This means that for the special case that ß = 1, equation (115) implies that the
household is concerned about the increase in the stock of durables .

It remains to explain the relationship between equation (104) and (115) in their
specification of preferences over non-durables and durables. By substituting
(Kk PKk_ i ) into the wealth constraint (106), the wealth constraint can be
written

E wikhrik + rkAk-4	 (wfkil fk,wmkHmk rkAk-i)
j=fon

(119) PkCk+ qk[Kk 01(k-1] - åpqkKk-1+ AAk-

If (Kk ßK_ 1 ) is the relevant measure for consumption of non-durables, the
specification of the wealth constraint and the associated preference function
imply that (Kk )3Kk-1) can be viewed just like any other good. (In this
respect the term -Sp qkifk-i can be interpreted as negative income.) This
means that we can use the Hicks aggregation theorem for aggregation of
(Kk fiKk_ i ) and Ck into a Hicks composite good.

The application of the Hicks composite good theorem, cf. Deaton and
Muellbauer (1989), requires that the price ratio qlp is constant over time. Due
to substitution possibilities in consumption and production, and the fact that
the production of durables and non-durables utilizes many of the same inputs,
this assumption may seem reasonable in the long run29 , and there are also
arguments that justify this assumption as a reasonable approximation during
the sample period, cf. section 3.7. In what follows we assume that the
composite good theorem can be used.

3.3.3 The measurement of the composite good
For estimation purposes we need observations of Z. Let

(120) Yk 77- Ck -
qk 

[Kk — (1— 8f)Kk_i] ,
Pk

which is the cash flow from purchasing non-durables and durables measured in
units of the price of non-durables. The composite good can now be expressed as

(121) Zk Yk 8pDk-1

29As argued in section 3.2.2 it is very difficult to determine and observe price changes on
housing and other kinds of durables across time due to missing theoretical foundations.
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where
qk k-1 

Dk-1=
Pk

is the (real) market value of the stock of durables that was demanded at the
end of the previous period, measured in the current prices. If å = 0, then
Zk Yk, and specification (104) implies that households have preferences over
the cash flow related to purchase of durables and non-durables.

In what follows we assume that we can observe Dk_i for at least one period. It
remains to give an account of how we can observe Yi. Since our data do not
include reliable observations of this variable, we use the indirect approach. We
have

1
(122)Yk= - E WkHk + rkAk_i - (W fk-ll fkl Wm/J-1771k, rkAk-i) - AAk •

Pk j=f ,m,

Apart from the unknown habit persistence parameter (5p , we observe all
components of the composite good. We are left with the problem of obtaining
reliable observations of the market value on durables, but we do not need to
observe the consumption of non-durables, and the price and the physical stock
of durables. It is also reasonable to assume that 6 is small compared with Y,
and measurement errors in D may then be less serious than in the standard
framework presented in section 3.2. Specification (105)/(104), and the first
order condition (110), then circumvent the problems related to obtaining
reliable observations of the consumption of non-durables. Since durables are
only one of the components of Z, we also believe that it reduces the problems
related to the fixed costs in the demand for durables. In section 3.4 and 3.5 we
show that (sp can be treated as a parameter to be estimated.

3.3.4 Estimation strategy
Since the composite good, Z, with the exception of the unknown parameter, åp ,
can be treated as an ordinary good, the estimation approaches used for the
standard life cycle model with intertemporal separability are relevant for the
model outlined in the previous section. These approaches are surveyed in
chapter two, and we will now focus only on the use of the marginal rate of
substitution functions, cf. MaCurdy (1983) and Altonji (1986).

According to economic theory, households adjust demand until the marginal
rate of substitution between two arbitrary goods equals the relative price of the
goods. For instance, if there are no binding constraints in the labour and the
credit markets, we have

OUjtIaLit _Tnjt	 . = Lm-ouzdazt - Pt
(123)
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That is, in equilibrium the marginal rate of substitution between female/male
leisure and the composite good is equal to the real after-tax marginal wage rate.

By choosing a particular class of lifetime preferences, the marginal utilities can
be expressed in terms of the unknown parameters of the preferences and the
(realized) values of Li and Z, and we obtain two specifications that can be used
for estimation of the within-period utilities.

The possibility of bias in the estimates of labour supply functions from a
subsample of workers that are unconstrained in the labour market is well
known, cf. Heckman and MaCurdy (1980). According to Heckman (1979), the
bias can be viewed as an "omitted variables" bias.

Heckman assumes that it is possible to find a simple expression for the reduced
form of the relationship to be estimated. This assumption simplifies the
calculation of the omitted variable considerably, but the approach can not be
easily modified to include structural equations. Except in very special cases it is
impossible to find the reduced form equations of the lifetime paths for Li and
Z, so we ignore the possible selection problem.

Also notice that the marginal rate of substitution functions cannot be used to
estimate the transformation function G. Using the Frisch demands for Z and
the Euler equation (112) in the case of no binding constraints in the credit
market, we find that

(124)
G'OU  
	 E(1+ Rt+i)

zt faZt	1	 G'OUzt+110Zt+1 
1+ p	

]
t [

Pt	 Pt-Fi

where G' is the partial derivative of G. Assuming et+i is the one-period forecast
i+Rt+ i)ptG' auzt

u
+il

az
azerror with respect to ( 	1], this expression implies

(i+opt+iGiaztlt
t+1

(125)
Callzt+1laZt+1	 1+ p  p'0U,t 1OZt i

(1 -F et+i ),
Pt+i	 1+ Rt+i	 Pt

cf. appendix C.

If expectations are rational, et+1 is uncorrelated with

1 -1- p [G' OU zt /OZ
1+R+1 I. 	 Pt

and we have found an equation that can be used as a basis for estimation of the
parameters of the G-function and the time preference rate p. In this situation,
as with the estimation of equations based on the marginal rate of substitution
functions, we face a possible selection problem if the relationship is estimated
from a subsample of households that are unconstrained in the credit market.

(126)
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Section 3.5.1 discusses the estimation procedure in more details.

3.4 A Particular Empirical Specification
In what follows we assume that the monotonic transformation function G is
given by

(127) G=
ufk — 1

and that (within-period) preferences are of the Box-Cox type

(128)
(Z -{-ik zor - 1	 1fik 	 Lw

k
• - 1

Uk= 	ik	 + Rk mt

where subscript i denotes household and 0, a, 7 and w are unknown coefficients.
If e = 1, the coefficients 7 and w determine the intertemporal substitution
elasticities 1/(7 - 1) and 1/(w - 1), which measure the percentage change in the
consumption of leisure in any two periods in response to a percentage change in
the relative wage rate for those periods, cf. Heckman and MaCurdy (1980). The
interpretation of a is less straightforward, since /3 0, implying that Z is not
an ordinary physical good.

If the within-period utilities are to be strictly concave, a, 7 and w must all be
less than one. Since the cash flow related to the purchases of durables and
non-durables, as well as the parameter 8p, are allowed to be negative, Z can be
negative. If zo is zero and Z is negative, the (Box-Cox) utility of Z is undefined;
in order to avoid this problem, we introduce the parameter zo . Notice also that
since sp is unknown, the smallest value of Yt -F 6pDt_ 1 can not be observed, and
we (must) treat zo as a parameter to be estimated.

It is also assumed that the person- and age-specific modifiers of tastes, rik and
can be related to a vector of exogenous and observable consumer

characteristics, Xik and Bik, and unmeasured characteristics, Eik and
according to Fik = exp(XikOx -F eik) and Qik = exp(BikOb riik). The error
terms are needed since the econometrician cannot observe all components that
influence preferences.

The first order conditions for consumption and female and male leisure become

(129) U21-1- (Zit -I- 4) 1 = AitPt,

(130) uPt—' rit qi-t 1 = Ait mfit 	f it

and

(131) QitLrn-it1 = Aitimmit amit.
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Assuming no binding constraints, either in the labour markets or in the credit
market, the relationship between female leisure and the consumption good Z
corresponding to equation (123), can be written

(132) ln L fit == Xital a2 In rnf it	a3 ln (Yit 	5D_1)
pt

where a l = —0,1(7— 1), a2 = 1/(7 — 1), a3 = (a-1)1(7 — 1) and
vit 	—Eit /(7 — 1).

The similar relationship between male leisure and Z can be written

(133) In Lm it = Bitbi	
mmit 

b2 ln	 b3in(Yit zo 6pDit-1) +
Pt

where b1 —&/(w — 1), b2 1/(w — 1), b3 (o- — 1)/ (w — 1) and

=	 —1).

It also follows that the Euler equation corresponding to equation (125) can be
written

(134) In (1 9)1n Uit+1 +e-t[( 1 + Rit+1 )  Pt  ( Zit+i
Zit + zo

zor-1
Pt+i \ Uit	 2 + 1 '

where	 = ln(1 eit+i).

3.5 Estimating the Subutilities
Ideally, equation (132), (133) and (134) should be estimated as a simultaneous
equation system. We simplify, and use a two stage estimation procedure where
we in the first stage estimate the subutilities, cf. equation (132) and (133),
before we in the second stage estimate the monotonic transformation G, and
the time preference rate p, cf. equation (134).

Comparing equation (132) and (133), we notice that the definitions of the
parameters a2 , a3 , b2 and b3 yield four equations for the determination of the
three coefficients 7, a and co. The model specification then implies a particular
kind of parameter restriction across the two equations, which should be
accounted for in the estimation. Moreover, notice that these equations are
non-linear in (sp, and that there are endogenous right-hand-side variables.
Estimation then requires a non-linear simultaneous equations procedure; and we
apply a full-information maximum likelihood procedure.

First, however, we must choose the taste modifier variables for female and male
leisure. We assume that preferences depend on age, and for the female, also on
the size of the household. The taste modifier variable X then includes the
number of children with age less than 21 years and the age of the female, while
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B is the age of the male. Even though the decision to have children depends on
the behaviour of the household, we assume that these taste modifiers can be
reasonably viewed as exogenous in the econometric specification, cf. also the
discussion of the wage rate equations (135).

Estimation also requires a decision about what right-hand-side variables should
be treated as endogenous from an econometric point of view, and a specification
of the instrument equations for these variables. Notice that the logarithm of the
after-tax wage rate can be decomposed into two components according to
in mj = ln(1 — 0//0(wilii)) In wi.

Since we do not allow for learning-by-doing, the household is price-taker in the
labour market; this assumption does not necessarily mean that the
econometrician should look at the (pre-tax) wage rates as exogenous, cf.
Heckman (1974a). If there are unobserved variables that influence the person's
preferences for leisure, and that are correlated with the wage rate, the wage rate
should be treated as endogenous in the empirical analysis. An example may be
the comparison between a person who is very motivated for doing a good job at
work, and one who is lazy and does not like to work. In this case we expect that
the motivated person obtains a higher wage rate than the lazy one, even if we
adjust for differences in education and work experience. It is also reasonable to
believe that the motivated person has different preferences for work and leisure
than the lazy one, and we have a situation where the unobserved variable
influences both preferences and the wage rate. We may label this kind of
endogeneity "statistical endogeneity".

Many empirical analyses account for this endogeneity of the wage rate by
introducing a separate wage equation. This equation typically includes the
number of years of education and a measure of work experience as explanatory
variables. Important explanatory variables such as motivation and ability are
rarely included, and the specification suffers from the omission of these
unobservables.

Another problem related to the specification of the wage rate equation is that
estimation ideally requires individual life cycle data. If the wage rate equation
is estimated from cross sectional data, the estimates also reflect differences in
wage rates across cohorts, and the estimated wage equation will not be
well-suited for predicting the wage rate for a particular person.

One may include person-specific fixed effects in order to control for unobserved
variables. MaCurdy (1981) assumes that wages follow a quadratic function in
age with intercept and slope coefficients that depend on age-invariant
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characteristics of the consumer. This specification is then estimated using panel
data for 10 years.

We do not have access to panel data that can be used for estimation of wage
equations with person-specific fixed effects. Despite this fact, we find the
argument for treating the pre-tax wage rate as endogenous quite convincing.
Most empirical analyses also seem to adopt this assumption. Based on
Heckman (1974), and the findings in Dagsvik and Strom (1992), we assume that
the logarithm of the wage rate is a linear function of work experience,
experience squared and education, that is,

(135) In wiit = Mjitgaj vjit, j = f ,m,

where M represents the consumer characteristics that are assumed to be
exogenous from an econometric point of view, ga is the corresponding vector of
coefficients, and du is an error term. Education is measured in years, and work
experience is measured as age minus the years of education minus the age at the
beginning of education.

The discussion above and the fact that the wage rate equation is estimated from
cross sectional data imply that one must take the greatest care in the
interpretation of the regression coefficients.

Since the marginal tax rate depends on the wage and interest incomes, and
these depend on the behaviour of the household, the marginal tax rate is
endogenous even for the household. To find the instrument for the logarithm of
the after-tax marginal wage rate, it remains to determine the instrument for
In(1 0//0(wyj)). We assume that the relevant explanatory variables are the
same as for the wage equations, but in addition we include the number of
children with age less than 21 years. This variable is included because both
labour supply and the demand for durables and non-durables may be influenced
by the size of the household. Wage incomes, financial savings and interest
incomes and deductions are then influenced by the size of the household, and
when the size of these variables is determined, the marginal tax rate is also
determined. The instrument equations for the marginal tax rates are then

(136) In
	491 
(1	

(Willj)
)	

rodi	 4-tgbd Edit ,	 = f m,
& 

where B is the vector of consumer characteristics, that is, experience, experience
squared, education and the number of children with age less than 21 years, gb is
the corresponding vector of coefficients, and E is the error term. Based on the
above assumption, the vector B can be treated as exogenous in the estimation.
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The cash flow related to purchases of durables and non-durables is endogenous
for the household. We use education and education squared for the male as
instrument variables for Y and add work experience for the female. Education
is assumed to reflect the income potential of the household, but since the
education of married females and males is (positively) correlated, we include
only the education of the male in order to reduce the number of unknown
coefficients. Using education squared, acknowledges that the consumption
potential increases less than pre-tax wage incomes, since the tax system is
progressive. Work experience is introduced as a substitute for age, since cash
flow related to purchases of non-durables and, particularly durables, depends on
age relative to the age when one finished education.

The instrument equation for the cash flow related to the purchases of durables
and non-durables is then

(137) Yit = Sitgs +

where S represents the consumer characteristics that are assumed to be
exogenous from an econometric point of view, g, is the corresponding vector of
coefficients, and ç. is an error term.

An alternative instrumental variable for Y would be gross or net income lagged
one period, but since we find it reasonable to assume that there are omitted
variables that are correlated with both lagged income and the error term in
equation (132) and (133), we do not prefer this alternative.

The purchase price of non-durables is assumed equal to one in the estimation of
the equations based on the marginal rate of substitution functions. It is also
assumed that Dt_ i is endogenous from an econometric point of view, although
it is predetermined from the perspective of the household at age t. This decision
is based on the assumption that there are omitted variables that are serially
correlated and that influence preferences as well as Dt_ i . The instruments used
are female and male education, and an index of the number of inhabitants in
the area where the household lives. Education is assumed to reflect income and
consumption possibilities, while the number of inhabitants is introduced to try
to account for the increase of the average price of housing as population density
increases.

The instrument equation for the stock of durables is

(138) Dit-1 =- Jitgi Oil,

where J is the vector of household characteristics that are assumed to be
exogenous from an econometric point of view, gi is the corresponding vector of
coefficients, and b is an error term.
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The complete model to be estimated consists of the structural equations (132)
and (133) and the instrument equations (135) to (138). The properties of the
error terms are as follows. Let uit 	(vit ,	 /um, vinit , Eta , Emit , sit, Oit )' be the
vector of error terms for the simultaneous equation system. The subsequent
analysis assumes that
(139) Eut	 0, V i,t,

and that
(140) E(uitu:t) = E, v t.

It is also assumed that Ut is serially correlated, but uncorrelated between
households. Assuming, in addition, that the components of uit follow a
multivariate normal distribution, we can estimate the system by a
full-information maximum likelihood procedure. All equations are identifiable,
cf. Stewart and Wallis (1982), and from the parameters of these equations it is
possible to identify the parameters of preferences.

3.5.1 Estimating the monotonic transformation
Using the specification of within-period preferences U, the parameter estimates
for a, 0, co, the taste modifier parameters irk, and Ob, and panel data
observations on Y, 	Lf, Lm as well as the taste modifier variables, it is
possible to estimate In(Ut+i/Ut ) and ((Zt+i zo)/(Zt zo))' for use in the
estimation of the Euler equation (134).

Estimating the Euler equation requires that we decide which households are
unconstrained in the credit market, cf. (107). We do not have access to that
kind of information, and for simplicity30 we assume that iç 0.9. Since we
cannot observe qtKt-, but only qt Kt_ i , we also assume that households are
unconstrained in the credit market if their net debt is less than 90 per cent of
the market value of their durables measured in the prices of the next period,
that is, if
(141)	 —At < 0.9qt+iKt.

The selection problem that may be involved by estimating the Euter equation
from a subsample of unconstrained households, will be ignored.

The properties of the error term eit+1 = ln(1 eit+i ) also require comment.
Since	 is a non-linear function of eit+i, the assumption that Eteit+i =
does not imply that Etit+i = O. In what follows we assume that the
(conditional) variance of eit+i is constant across the sample, and that it is
small. By approximating ln(1 e it+i ) with a Taylor expansion, we then find
that Eteit+i is small, and that the (conditional) variance of 'it .44 is constant.

3°One reason may be that households cannot finance the purchase of durables without
having any own capital. By choosing K = 0.9, we approximate.

87



Empirical Life Cycle Models	 Social and Economic Studies 91

The Euler equation can then be estimated by a maximum likelihood procedure
that treats the estimates for ln(Ut+i /Ut) as exogenous.

3.6 Data
The data are obtained from the panel data sections of the Income Distribution
Survey 1988, 1989 and 1990, the Standard of Living Survey 1991, and an
additional postal survey conducted as part of the Income Distribution Survey
1989. All data sets were collected and prepared by Statistics Norway, and I
have linked them on the basis of personal identification numbers.

The Income Distribution Surveys consist mainly of tax return data collected
from taxation authorities. They yield quite detailed information about wage
incomes, dividends, interest incomes and expenditures, financial wealth and
debt, and income and property taxes. Transfer payments received, including
child benefit, are also reported, and all these variables are used in the
calculation of the cash flow related to the purchases of durables and
non-durables. By linking two successive surveys, this survey also yields
information about financial savings.

The Income Distribution Surveys also contain information about education, and
the number and age of children. Given the tables of formal marginal tax rates,
they also provide enough information for calculation of the marginal tax rates
on wage and interest incomes. I have calculated the marginal tax rates in
accordance with the set of regulations, and the possibility of separate taxation
of the wage incomes of spouses is considered.

The ordinary Income Distribution Surveys also include the value of the stock of
durables measured in the prices relevant for taxation, but these data
underestimate stocks considerably. Instead I have used the additional postal
survey conducted as part of the Income Distribution Survey 1989, and the
Standard of Living Survey 1991. These two surveys include questions about the
market value of housing, cottages, cars and private motor boats in 1989 and
1990 (not 1991) respectively, and the variable qt lft .... 1 includes all these durables.

Information about working time in 1989 and 1990 is also obtained from these
two surveys. The spouses are asked about their average working time per week
and the number of weeks worked. Multiplying these two variables, yields an
estimate for labour supply. Leisure is defined as 8736 hours (= total number of
hours in a year) minus hours of labour supply.

The (marginal) wage rate is measured as wage income divided by hours of
labour supplied. If the worker gets overtime pay, and has much overtime, this
wage rate will exceed his normal wage rate. In contrast, if the worker does not
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get overtime pay, and works much overtime, the observed wage rate
underestimates the standard wage rate.

The data set used for estimation of equation (132) and (133) and the
instrument equations (135) to (138) is obtained in the following way. First we
have linked the Income Distribution Survey 1989 and 1990 with the Standard of
Living Survey 1991. This linkage yields observations of Lfit Lmit WM, Wmit,

Kt/ Dit-1, the taste modifier variables Xit and Bit, and the exogeneous
variables Alfa) Minit, BM, Bmit, Sit and Jit for the year 1990. (The Income
Distribution Survey 1989 is included only to get data for financial savings
through 1990.) By linking the Income Distribution Survey 1988 and 1989 and
the ad.ditional survey to the Income Distribution Survey 1989 we get the same
information for 1989. (The Income Distribution Survey 1988 is included only to
get data for financial savings through 1989.) Finally, we combine these two
subsamples into one sample, but in order to eliminate the estimation problems
related to serial correlation of the error terms of our regression equations, all
persons that are included in both subsamples are excluded.

The selection rules are as follows. Only married couples for which both
spouses are between 30 and 55 years in 1990 are included. Those couples for
which at least one of the spouses has entrepreneurial income in excess of wage
income are excluded. Couples for which one or both spouses receive disablement
benefit and who have wage and entrepreneurial incomes less than 53 440
Norwegian kroner, are also excluded. Both spouses must work between 200 and
3500 hours31 a year, and the household must own their housing (not be
tenants), to be included.

For some reason, the measurement method for the wage rate seems to bias the
distribution of the wage rate, at least for females, cf. appendix D and table 4.
By comparing the upper tail of the wage rate distribution for females and males
(see table 4), we find that the average female wage rate is considerably higher
than the average male wage rate, even if we controle for differences in age and
education. Since we don't find this result reasonable, all couples for which the
wage rate of the female exceeds 230 kroner or the svage rate of the male exceeds
270 kroner, are omitted from the analysis. The sample then consists of 327
observations. For further information about the sample, see summary statistics
in table 1.

The pre-tax nominal interest rate is obtained by averaging over the quarterly
observations of the private banks lending rents inclusive fees as they are
presented in the statistics from the Norwegian Bank. This simplification may

31 The method for the calculation of the wage rates implies that we observe the wage rate for
all persons satisfying this labour supply constraint.
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Table 1: Summary statistics for the 327 married couples used for estimation of
the equations based on the marginal rate of substitution functions.

Average Standard Minimum Maximum
deviation value	 value

Female leisure per year	 72'70	 553	 5616	 8528
Male leisure per year	 6717	 353	 5304	 8466
Female gross wage rate, NOK
per hour (among those who work) 	 94.7	 30.2	 43.1	 219.8
Male gross wage rate, NOK
per hour (among those who work)	 117.7	 33.8	 67.3	 266.7
Female marginal tax rate
on wage incomes	 0.407	 0.090	 0.231	 0.62
Male marginal tax rate
on wage incomes	 0.523	 0.095	 0.266	 0.62
Marginal tax rate on
interest incomes/expenditures 	 0.394	 0.064	 0.260	 0.456
Cash flow related to purchase
of durables and non-durables	 320361	 227438	 -41572	 1498183
Stock of durables	 1602300	 879527	 56000	 5400000
Female education in years	 10.9	 2.2	 8.0	 17.5
Male education in years	 11.7	 2.8	 8.0	 19.0
Female age	 41.5	 6.3	 30.0	 55.0
Male age	 43.9	 6.2	 30.0	 55.0
Female experience in years	 24.6	 7.0	 9.5	 40.0
Male experience in years	 26.2	 7.1	 8.5	 41.0
Number of children 0-20 years 	 1.39	 1.03	 0.0	 4.0
Index for inhabitants	 3.42	 1.30	 1.0	 5.0

bias the estimation results since the (pre--tax nominal) interest rate do vary
across households. The average consumer price index published by Statistics
Norway, is used to measure pt l pt+1 . The average is based on monthly
observations.

Estimating the Euler equation (134) requires panel data for Lf, Lm, Y and D
for two successive periods. The data are obtained by linking the Income
Distribution Survey 1989 and 1990 with the Standard of Living Survey 1991,
and the Income Distribution Survey 1988 and 1989 with the postal survey to
the Income Distribution Survey 1989. These two subsamples are then linked,
and the final sample consists of 229 households. In contrast to the procedure for
the sample used in the estimation of the equations based on the marginal rate
of substitution functions, only those households that are observed in both
subsamples, are included.
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3.6.1 Some arguments in favour of Hicks aggregation
Complete household expenditure data for Norway are collected by Statistics
Norway. The data for non-durables are based on accounts of expenditures over
two weeks, and expenditures for the whole year are found by multiplying these
data by 26. The measurement errors introduced by this procedure can be huge,
and we prefer to obtain the data from another data source.

This chapter suggests aggregating Ck and (Kk —	 using the Hicks
composite good theorem. In light of price reductions for housing over the last
years, the use of this theorem may be questioned. There are, however, some
arguments that favour this assumption. The first is that the consumer price
index, which we assume can be used to measure the price of non-durables32 ,
includes expenditures related to housing as well. According to Statistics
Norway (1991), the budget share of expenditures related to lighting and heating
is about 5 per cent. The second point to notice is that durables include many
variants, such as cars, private motorboats, furniture and kitchen and leisure
equipment, and price changes for these goods have been less dramatic than for
housing. The third point is that, as we have argued in section 3.3.2, it seems
reasonable to assume that the price path for durables is more or less similar to
the price path for non-durables in the long run. So even if it can be questioned
whether this approach is appropriate for the years included in this analysis, the
approach may well be more defendable in other periods.

3.6.2 Measurement error
The possibility of measurement errors in some of the endogenous variables in
the model makes the consequences of measurement errors of interest. The
estimates of the equations based on the marginal rate of substitution functions
are consistent only if the measurement error is of the classical errors in the
variables type. This means that the observed endogenous variable F in the
regression function is related to the true variable F0 according to F F0 +
where ro. is a randomly distributed error term that is distributed independently
of all instrument variables. Given the results presented in appendix D, the
measurement problems related to durables, and the fact that the cash flow
related to the purchases of durables and non-durables is observed indirectly
through the wealth constraint, this is a very strong assumption.

The same issues of measurement errors arise in the discussion of the
consequences of measurement errors in the estimation of the Euler equation
(134). If there are measurement errors in equation (132) and (133), the error
terms of these equations include measurement errors. This means that the

32 Unfortunately this index also includes prices of durables, and the observed price of
non-durables may then be biased.
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estimate for U is biased, and when we use this estimate in the Euler equation,
the measurement errors will be non-linear. In this case, we do not have a
classical errors in the variables scheme, and the estimates will no longer be
consistent.

3.7 Empirical Results
This section reports the estimates of the parameters of the subutility and
monotonic transformation functions. Since we are not particularly interested in
the results from the estimation of the instrument equations, these results are
presented in appendix E. That section also presents the estimates of the
parameters of equation (132) and (133).

As it will become evident from this section, the estimation results are, with
some exceptions, not very satisfying. One reason may be that we cannot model
person-specific fixed effects in the wage equations as well as the other
instrument equations, since we do not have access to panel data of sufficient
length. Another reason may be the non-linearity in the two equations based on
the marginal rate of substitution functions. We may also reasonably assume
that treating Yt and Dt_i as endogenous variables in the estimation enlarges
the problems related to non-linearity. The fact that the samples include only
327 and 229 observations is also relevant. No matter the reason, the estimation
results should be viewed tentatively, and as part of on-going research.

Since many of the estimates are quite imprecise in the sense that they are not
statistically significant, it may be appropriate to clarify the implications of this
result. The fact that a parameter is not statistically significant according to the
standard T-test does not necessarily mean that we believe it is zero. If we have
prior grounds for believing that it is different from zero (For instance, we may
believe that females' preferences for leisure increase with an increase in the
number of children.), we may continue to believe that even if the T-test does
not support our original view. According to Wonnacott and Wonnacott (1985),
this conclusion is particularly relevant if the test is based on a small sample.
The estimation results presented in this section, are based on a small sample.

Table 2 reports the estimates of the parameters of the subutilities. A priori we
believe that the parameters of the taste modifiers are different from zero. The
estimates of the intercepts of the taste modifiers are quite large, but none of
them are statistically significant. We also notice that the estimate of the
coefficient on the age variable is approximately the same for females as for
males. The sign of these coefficients indicates that an increase in age decreases
the preferences for leisure. This means that the marginal rate of substitution
between female/male leisure and the composite good decreases, and
female/male labour supply increases. These results should, however, be viewed
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Table 2: FIML estimatest for the subutility.

Constant	 Age	 Children	 7	 Constant	 Age 
32.237	 -0.0051	 0.0565	 -2.228	 20.179	 -0.0048	 -0.8791

(26.496)	 (0.0053)	 (0.0408)	 (2.999)	 (11.950)	 (0.0033) (1.3955)

zo	S o-
30241.9	 0.0333	 0.9558

(31029.4) (0.0662) (0.0359) 
t Standard errors in parentheses.
t The number of children with age less than 21 years.

in light of the fact that none of these estimates are determined precisely.

The sign of the estimate of the coefficient on children indicates that females'
preferences for leisure increase with an increase in the number of children. The
marginal rate of substitution between female leisure and the composite good
then increases, and female labour supply decreases. The estimate is within
about one standard error of the estimate of Heckman and MaCurdy (1980), but
it is imprecise.

The estimates for 7 and co are not significantly different from zero. We do not
have knowledge of similar studies using Norwegian data, and cannot use this
sort of information for claiming that these parameters are different from zero.
Both estimates are, however, consistent with the results in Aaberge, Dagsvik
and Strom (1990), although they use a static and somewhat different model
specification. The estimate for -y is also consistent with the results in Heckman
and MaCurdy (1982). The implications of the finding that 7 and ca are not
significantly different from zero, are then ambiguous, in particular when we
consider that the sample is small.

Both estimates are consistent with the assumption of a strict concave utility
function. Since the absolute value of 7 exceeds that of w, the estimates also
imply that male labour supply is more responsive to wage changes than female
labour supply, cf. the first order conditions (130) and (131). This result seems
to be in contrast with most empirical findings, which indicate that female
labour supply is most responsive to wage changes.

If we look at the estimates of the parameters related to the preferences over the
composite good, we notice that the standard errors of both zo and st, exceed the
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absolute value of the parameter estimates. These results do not support our
theory that there is psychological depreciation in the consumption of durables,
but again we should recall that the sample is small. The reason for introducing
zip implies that A) should be greater than zero.

In contrast to all the other estimates, the estimate for a is very precise. It is
consistent with the assumption that preferences are strictly concave. Since
there are no other studies that use our specification of the composite good Z,
this result must be compared with the result of studies33 that use the standard
consumption measure, cf. section 3.2.1. MaCurdy (1983) includes imputed
service flow for durables in the consumption measure, and finds that the
parameter corresponding to a is 0.34, with standard error equal to 0.21.

It remains to present the estimates from the estimation of the Euler equation
(134), cf. table 3. Notice that the standard errors in this table do not account
for the dependence of the variable in(Ut+i/Ut) on estimated quantities.

Table 3: ML estimationt of the monotonic transformation.

P
0.0663	 (0.8881)

(0.0026) (0.0682) 
t The asymptotic standard errors in parenthesis are
not adjusted for the use of the instruments.

In this case, the estimates for p and O are both statistically significant. The
estimate for 0 implies that 0 — 1 is negative	 - 0.112), and this result is
consistent with risk averted households.

3.8 Summary
This chapter formulates and estimates a life cycle model of labour supply and
consumption of durables and non-durables for married couples in an
environment of uncertainty and personal income taxes. While standard
economic theory assumes that preferences are exogenously determined, we
respond to the fact that many empirical studies have presented evidence in
favour of utility being a relative concept, by specifying preferences subject to a
reference standard. According to Boyer (1983), the authors of these studies
generally argue that although the assumption of given preferences can be
reasonable in the short run, in a life cycle perspective it should be challenged.
The lack of a well-established economic theory of habit formation, however,

33The estimate for a is very similar to the result in the (static) model of Aaberge, Dagsvik
and Strom (1990).
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raises the question of how habit formation should be modelled. We introduce
habit formation only in the demand for durables, and propose to use last year's
demand for durables after deductions for physical and what we label
psychological depreciation as the reference standard.

Since we do not have access to data for the consumption of non-durables, we
aggregate non-durables and the good (Kt — ßK_ 1 ) into a Hicks composite
good. We then find a specification of the life cycle model of labour supply and
consumption of durables and non-durables that can be estimated in the absence
of data on the consumption of non-durables, and the price and the physical
stock of durables. We argue that if the psychological depreciation parameter åp

is small, this specification reduces the bias in the estimate of a if there are
measurement errors in observations of market value of the stock of durables.

In order to allow for more flexibility in lifetime utility, we decompose the
period-specific subutilities into one component that determines within-period
allocations, and a monotonic transformation that influences the allocations
between periods.

In an empirical application of this specification, we assume that preferences are
of the Box-Cox type, and suggest estimating the parameters of the subutilities
by using the marginal rate of substitution functions between female/male
leisure and the composite good. It is also possible to estimate the psychological
depreciation parameter from these functions.

The monotonic transformation of the within-period utilities cannot be identified
from these functions, but can be estimated by applying the Euler equation.

The data are obtained by linking the Income Distribution Surveys 1988, 1989
and 1990, the additional postal survey of the Income Distribution Survey 1989,
and the Standard of Living Survey 1991. All data are linked on the basis of
personal identification numbers. The estimates of 0 and co indicate that males'
demand for leisure is more responsive to wage changes than females', but the
estimation results should be viewed as tentative. None of these estimates are
significantly different from zero. In contrast, the estimate of o , which influences
the preferences for consumption of durables and non-durables, is precise. All
estimates are consistent with the assumption of strictly concave preferences.

The estimate of the psychological depreciation parameter is not statistically
significant. The analysis then does not support our hypothesis that we should
consider physical as well as psychological depreciation in the determination of
the reference standard.

Finally, we estimate the Euler equation, but as we have argued, for this
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estimation to give consistent estimates, there is no room for measurement
errors. It is then reasonable to assume that the estimates for 0 and the time
preference rate are biased.
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APPENDIX A: The Derivation of
the Labour Supply Equation (47)

The household is assumed to maximize lifetime utility

(142)	 E(1+ p) {rctCrc	 –
t=0

subject to the wealth constraint

1
-1-
1

	

Aio E 	otwitHit = E 	  1	 r)t

	

t=o	 t=o

the non-negativity constraint

(144) Ht >

and a terminal condition for AR) . (All variables are defined in the text.)

The first order condition for leisure corresponding to equation (9), is

(145)
4.44

(1
	ritLr -1  AO 

Wt 

(1	
+ 

at.

Similarly to equation (14), this equation implies

(143)

where we have suppressed tilde to simplify notation.

If we take the logarithm and assume that in ( 11:-.-121: re:-#, p – r, the condition

(147)
Wj

Ao(i	 ritt—f" -1 > 	
kl
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can be rewritten as

(148) In c/4 — in Ao — (p	 -1- in rit + ( 4-1) In t - In tat > O.

Using the wage equation
(149)

the taste modifier equation

In wt Mt)3m E2t,

(150) rit exp(Nto + eu),

and the components of variance scheme

(151) Eit = 7/j yjt, j = 1,2,

for the disturbance vector (fit, €2t), this equation implies

(152) + in

>	 [— in Ao in cv/ -1-7/1 — 7/2 + NtO Mtfim ( 10 r)t]

since	 — 1) < O. Using the definition of f, VIA and Art from equation (48) and
(49), this equation can be written

(153) Vit > —f — Art -1- In T.

The first line of equation (146) can then be written

(154)	 In Lt in T if Vi > —f — Art + in

and this expression is equal to the first line of equation (47).

The second line of equation (146) says that the demand for leisure is
determined by the equation

(155) Wi 	rit41-1
Ao(i py

Wt 
(1 -1- r) t.

Solving this equation with respect to in L t , and using the approximation
In ( -1-±-P-)	 p — r, yieldsi+r

1 
(156)	 ln Lt =	 [ln wt -1- in Ao (p — r)t — In co/ — in F 1 ].

—

Using the wage equation (149), the taste modifier equation (150), the
components of variance scheme (151), and the definitions of f, Vit and Art , the
second line of (47) can easily be found.
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APPENDIX B: The Derivation of
Equation (85)

The Euler condition (73) for the marginal utility of wealth can be rewritten as

r(i + Rt+1)At+1	 1ft
(157) Ei [ 	+ — – 11= o.(1+ p)At 	At

Given this equation we also have

(158)
(1 -1- Rt+1)Xt+1 4. 7t 1 = Et [ +

1 Rt_FiAt+i + It .._ 11 + et+i,

	

(1+ p)Xt	At	 (1 4- p)Ät 	At

where et+1 is the one period forecast error with respect to
1- (1+Rt+I)At+i ..1._ 'Yt	 iI. 	(1-1-p)Ät	 ' At - ] .

Since the left hand side of equation (157) can be rewritten as

1	 "Yt
	 „
(1+ p)tt

EtR1 -I- Rt+i)At+ii+ -A--t- –1 ,

equation (158) implies

(160) Et [(1 -I- Rt+i)At+i] --=- ( 1 + Rti-i)Àt+i – (1 + P)Àtet-Fis

Substituting this expression into the Euler equation (73) for the marginal utility
of wealth, yields

(161)
1	 rii

At = 
1 +p RI+ rtt-14)At+1 – (1+ p)Atet+ii+ 7t.

Rearranging this equation gives equation (85).

(159)
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APPENDIX C: Derivation of
Equation (125)

Equation (124) can be rewritten as

(1 -I- Rt÷ i )C 8auitt++,1 Pt 11
 =0.(162)	 Et 	

(1 + p)Gt fit pt+i

The one-period forecast error is defined according to

This equation can be rewritten as

cauzt+i G,auzt+ i G'2-
(164) Et (1+ Rt+i) 0zt+1 (1 -1-- Rt+i) azt+1[

u--r-t-(1 + p) 	vzi
7
t 

Pt-I-1 	 PtPt

Substituting this result into equation (124), yields

(1 +CP1
 1-7-1.   (i Rt+1) 	

caustilazt+i
azt	 azt (165) et+i

Pt 	 1 + p	 Pt-Fi	 Pt

and solving this equation with respect to Giauzt+ilazt+i we find equation (125).
Pt+i 	

,
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APPENDIX D: Measurement
Errors in the Wage Rate

The wage rate is measured by dividing wage incomes with labour supply, where
labour supply is measured by multiplying average labour supply per week by the
number of weeks worked, cf. section 3.6. For some reason this procedure seems
to bias the distribution of the wage rate, at least for females, cf. table 4. This

Table 4: The distribution of female and male wage rate for employed persons
with wage rate in excess of 200 NOK and less than 800 NOK.

Female Male
'Variable Number Mean Variance Number Mean Variance

Wage rate
Hourst
Age
Education

51

51
51
50

343.8
403.7

40.0
10.6

19197.0
60186.3

46.6
4.2

88
88
88
87

281.7

1642.3
43.6
13.4

10738.4
676742.7

48.2
7.5

f Labour supply measured in hours.

table shows the number of married females and males with wage rate in excess
of 200 Norwegian kr and less than 800 kr, their average wage rate and average
labour supply, for persons who are classified as employees, cf. section 3.6. The
upper limit of the wage rate is chosen such that very extreme observations are
omitted, and the data are obtained by linking the Income Distribution Survey
1990 with the Standard of Living Survey 1991. In order to increase the number
of observations, it is now not conditioned that the families also are included in
the Income Distribution Survey 1989, as is the case with the sample used in the
empirical analysis, and the total sample consists of about 950 observations.

We notice that the average female wage rate is about 22 per cent higher than
the average wage rate for males, and that the variance is much higher for
females than for males. We also notice that average female labour supply is
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only about 400 hours, or about one fourth of average male labour supply. Even
though the income effect of wage changes may reduce labour supply, these
results seem unreasonable.

Taking also into consideration that the females in average are younger than the
males and that they have shorter education, the wage rate for at least the
females must be biased. As a consequence of these and some other results, all
females with wage rate less than kr 40 and greater than kr 230 are omitted from
the empirical analysis. For the males the corresponding limits are 50 and 270 kr.
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APPENDIX E: Some Further
Estimation Results

The aim of this appendix is to give some further information about the
estimates of the parameters of the subutilities by presenting the estimates for
the parameters of the two marginal rate of substitution functions (132) and
(133), and the instrument equations (135) to (138). (All the equations are
estimated as a simultaneous equations system by FIML.)

Table 5 shows the estimates of the parameters of the marginal rate of
substitution functions. With the exception of the intercepts, none of the
parameters have a t-statistic in excess of two.

Table 5: FIML estimatest for the coefficients of the marginal rate of substitution
functions.

a l

Constant	Age	 Childrent	 a2	 a3	 zo 
9.987	 -0.0016	 0.0175	 -0.3098	 0.0137	 30241.9	 0.0333

(1.083)	 (0.0021)	 (0.0103)	 (0.2878) (0.0142) (31029.4) (0.0662) 

bl

Constant	 Age 	b2 
10.738	 -0.0025	 -0.5322
(1.627)	 (0.0026) (0.3952) 

t
+ 	errors in parentheses.
t The number of children with age less than 21 years.

We do not present the multiple correlation coefficients for the following reason.
In the reduced form case, the multiple correlation coefficient, R2 , measures the
proportion of the original variance in the dependent variable that is explained
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by the regression as a whole. The marginal rate of substitution function,
however, includes endogenous right-hand-side variables, and the meaning of R2

becomes unclear. Further, the total sum of squares cannot be partitioned into
explained and unexplained sums of squares for simultaneous equation estimates,
since the residuals are not orthogonal to all of the explanatory variables. The
residual sum of squares can then exceed the total sum of squares, and in this
case R2 will be negative if it is calculated via the residual sum of squares.

Table 6 presents the results for the wage rate equations. All estimates are

Table 6: FIML estimatest for the coefficients of the wage rate equation for females
and males.

Constant Experience Experience squared Education
Female	 3.920	 0.0179	 -0.00040	 0.0373

(0.237)	 (0.0122)	 (0.00023)	 (0.0112)
Male	 4.166	 0.0188	 -0.00037	 0.0298

(0.188)	 (0.0105)	 (0.00019)	 (0.0067)
Standard errors in parentheses.

consistent with the results of Dagsvik and Strom (1992). The parameters of the
female wage rate equation are estimated less precisely than the parameters of
the male equation.

Table 7: FIML estimatest for the coefficients of the instrument equation for
11(1 - 0I18(w11)) for females and males.

Constant Experience Exp. squared Education Childrent
Female	 0.0032	 -0.0238	 0.00044	 -0.0245	 0.0207

(0.1286)	 (0.0082)	 (0.00017)	 (0.0046)	 (0.0106) 
Male	 -0.1222	 -0.0216	 0.00033	 -0.0263	 -0.00072

(0.1634)	 (0.0101)	 (100019)	 (0.0059)	 (0.0039)
t Standard errors in parentheses.
:t The number of children with age less than 21 years.

Regarding the parameters of the instrument equation for ln(1 19110(wH)), cf.
table 7, we notice that while the parameter related to the number of children
with age less than 21 years is statistically significant for females, it is
determined rather imprecisely for males. The estimates for the parameters
related to experience, experience squared and education for the females are
within the estimates for the males plus or minus one standard error.
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Table 8: FIML estimatest for the coefficients of the instrument equation for cash
flow related to purchase of durables and non-durables.

Constant Male education Education squared Female experience
-124399	 63799.2	 -1967.59	 -693.798
(275512) •	 (40069.2)	 (1479.99)	 (2285.59) 

t standard errors in parentheses.

The lack of variables in our data that can reasonably be assumed exogenous
from an econometric point of view, and the fact that the few we have access to
vary little across the sample, make it hard to find instruments that can
reproduce the large variation in cash flow related to the purchases of durables in
the sample. From table 8 we also notice that the parameters related to male
education and education squared, and to the age of the female relative to the
age she completed her education, are all imprecisely determined.

Table 9: FIML estimatest for the coefficients of the instrument equation for the
stock of durables.

Education
Constant Female	 Male	 Inhabitants

135258	 66332.4	 49135.4	 48865.6
(306063) (24659.0) (22763.2) 	 (43467.2)

i* standard errors in parentheses.

Table 9 shows that the parameters of the instrument equation for the stock of
durables are more precisely determined. The parameters related to female and
male education are both statistically significant.
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