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1 Introduction

This paper formulates and estimates an empirical life cycle model for twé—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 unrealisfic, assumption of intertemporal separability, we allow for
a particular kind of non-seba.rability in the demand for durables.

The paper is organized as follows. Section 2 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 tha.t‘ 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 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 Bover [5],
Hotz, Kydland and Sedlacek [14], Johnson and Pencavel [16] and Muellbauer [24]. -
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 utilify context), our specifi-
cation 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 con-
sumption of non-durables, and the purchase price and the physical stock of durables.
This advantage is. demonstrated, before we end section -3 by commenting on the es-
timation strategy. Section 4 presents a particular empirical specification which is
estimated,land in Section 5 we look at the details of the estirhation procedure. Sec-
tion 6 gives an account of the data, and Section 7 presents the estimation results.

Finally, some concluding remarks are made in Section 8.

2 Confronfing the Standard Life Cycle Theory
with Data

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 pref-

erences are an inter- and intratemporal separable function of durables and ordinary



consumer goods only. Thus

T
Uo = Z(l + p) 7t [Uet(Ct) + Une(K2)] (1)

t=0
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 plan-
ning horizon. We also assume perfect certainty about future prices and preferences,
and that labour supply, H, is exogenous.
In the absence of personal income taxation, the within period wealth constraints

are
weHy + (14 1) Focy = pCe + ¢ [Ke — (1 — af)Kt—l] +F, t=0,1,---,T, (2)

where F' is assets measured in nominé.l terms, r is the nominal interest rate, w, p
and ¢ are the nominal prices of leisure, non-durables and durables, and é; is the
physical depreciation rate for durables. If §; < 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 ﬁay face different! prices, we assume that all
(pre-tax) prices aré equal for all households. Except for the fact ‘tha.t bequests at
the beginning of the planning period can be exogenously included into the value
of Fy, we do not take explicit account of the possibility of bequests. Neither do
we consider that families can piace their wealth into other kinds of assets, such as
bonds, sha‘res,. pension funds, arts or aﬁtiques. '

We assume that durables are bought at the end of the period. Since this stock
is continuously being deprecié.ted during the subsequent period, g;(1 — 64)K;-1 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 &.

In what follows we assume that there are no binding credit market restrictions.

Maximization of the preference function (1) subject to the wealth constraint (2),

1The 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.



_given values of initial stocks of assets and durables, and the terminal stock of assets,

yields the following first-order conditions,

U,

— - 3
50, Aepe, t=0,1,---,T, (3)

oU 1
BKk: = Atqe — 1+ pl\‘+1(1 —6£)qe41, t=0,1,---,T, (4)

and
1

At = 1+p(1+r¢+1))\t+1, t=0,1,---,T -1, . (5)

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

2.2 Some data - and measurement problems

Equations (3) to (5) and the wealth constraints (2) constitute a simultaneous equa-
tion system that determines C,, K, F; and A, fort = 0,1,.--,T, as functions of all
the exogenous variables of the model, including the parameters of the lifetime utility
index. In most cases it is, however, impossible to find these reduced form equations.
I ca.n be observed, however, it a.ppe;ars that the relevant demand functions in the
life cycle context are the Frisch demands, cf. MaCurdy [20].

Concerning the estimation of these functions, it is a problem that ), is latent and
depends on all the exogenous variables of model. Kornstad [18] discusses various
solutions to this problem; These solutions typically involve a two stage estimation
procedﬁre, where thé first stage involves estimation of the parameteré related to
intraperiod a.llécations, while the second stage involves estimation of the parame-
ters 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 differ-
enced marginal utility of wealth constant demand functions, MaCurdy’s fixed effect
approach, cf. [20, 22], 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 [4]
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~and Blundell and Walker 3], demands cross section data for the consumption of all
goods, for a variable labelled full income, and for the simultaneous distribution of all
current (after-tax) prices. Altonji [2] and MaCurdy [21] 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 param-
eters determining interperiod allocations typically requires panel data, estimation of
complete life cycle models of labour supply and consumption is very data demand-
ing. 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 (3), is the measurement of
consumption of non-durables. Non-durables include a va.tiety of goods, and the
measurement of the consumption of all these goods requires detailed household ac-
counts. To reduce costs, many goéds are bought infrequently, but in large quantities
-each time. This fact, and the fact that the consumption of inany goods is season
specific, implies that consumption pafterns should be observed over longer time pé—
riods. 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, 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 con-
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straints in the credit market, the first order condition (4) can be written

3Uct qg+1
e —_ - -_— 6
BKt At B (1 6'f) 1 + Ti+1 ’ ( )

where ¢; — [(1 — 8£)gt+1/(1 + 7¢41)] is the user price of durables (including capital
gains).

Again, measurement problems are serious. According to economic theory, con-
sumption 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 (1).
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 housiﬁg depends on characteristics such as location, the number of
different kinds of rooms and ”qua.litj”. 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 (6), 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. This price is only rarely
realized in the market, which means that fér 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.
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Notice then that the practical problems vrelated 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 approx-
imation in which we use the (real) market value of durables’ 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 ¢;(1 — é4)K;—1 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 brices. Reliable observa-
tions of the consumption of non-durables are also difficult to obtain, but this is due
to practical prdblems and cost considerations, rather than theoretical problems.

In what follows we assume that the only consumption daté we observe are ¢, K,;_;
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.

2In order to get a kind of a real value the market value can eventually be divided with the

consumer price index.



2.3 Some additional arguments in favour of an alternative

specification for durables

If §; equals one, either because there is no second-hand market or because physical
depreciation is high, the user price coincides with the purchase price. 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 (4), 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 supplly.‘) 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 section 2.1 is the following. Economic theory allows 8(8U./8X;)/08X;
# 0, where X; and X; = C, K,, 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 interfemporal separable function, and it is also
frequently assumed that even the within-period utilities are separable, cf. equation
(1). |

Intertemporal separability means that 8(8U,/8X,)/8X; = 0, where X, an-d.
X =Cy Ky, t # t for t,t' =0,1,2,---T. Thaf is, the marginal utilities are
functions of current consumption only,.and it is possible to estimate within-period
preferences from cross sectional data only, cf. Altonji [2], Blundell [4] and MaCurdy
[21].

Intertemporal separability does, however, imply that habits play no role in the
demand for the various goods. Duesenberry’s relative income hypothesis (1949)
focuses on habits in aggregate demand, and Muellbauer [24] claims that "Evidence
from the estimation of complete systems of demand equations suggests that habits
or persistehce effects play an important role in consumer behaviour.”. Bover (5]
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 A Model with Habits or Psychological Depre-
ciation |

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.

3.1 The model formulation

Assume lifetime preferences
T 1 _
U, = Z ————(1 y )k—tG U,k(Zk) + Z Ujk(LJ‘k) ) (7)
k=t p j=flm

where Ly and L,, are female and male leisure, and Z is a composite good defined as
— dk
Zi=Cr + ~ [Kx — BKk-1], (8)

, where B 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.

In order to account for persdnal income taxation, we introduce the tax function
I (Wi H e, Wonk Hnkes T Fle—1)- 'Thus, income taxes are levied on wage and interest
incomes, and we ignore wealth taxes. If F' is negative, the household is in a net
debt position, and the speciﬁéation 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.

The time invariant monotonic transformation of within-period utility, G, implies
that we allow for a particular kind of non-separability in the within-period utility of
Z, Ly and Ly, cf. equation (13) and (14). It can be argued that this transformation
" does not reflect the special dependency between the household’s utility of female and
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male leisure. An alternative would then be to introduce a separate transformation of
[Use(L k) + Uni(Lmi)])- Given the proposed estimation procedure, cf. equation (36)
and (37), we cannot, however, use a similar Box-Cox transformation of [Usk(Lys) +
Umk(Lmk)] as we have used for [U.x(Zk) + Usr(L ) + Umk(Lme)], cf. equation (31).
The period specific wealth constraints corresponding to the utility index (7) now
become
S wiHjk + riFicy =
i=fim .
I (weeH gie, Wonke Honke, e Fre-1) + P Zie — 6pqeKie-1 + AF., k=t,---,T. (9)
Since purchase of durables are often financed by loan, the possibility of credit
market constraints should be considered. We follow Mariger [23], and assume that
" the families can borrow only against mortgage in property. That is, net debt raised
at the end of the period, —F}, cannot exceed a fraction & of the market value of the

stock of durables at the end of that period, qxKx,
;stnquk, k=tt+1,.--,T. , (10)

It is assumed that & is invariant of both time and characteristics of the household.
As opposed to Mariger, we do not observe whether or not a household is con-
' strained since we do not know « and do not observe @k Kk. (In the empirical analysis
we assume K is known and approximate g Ki by qr+1Kx.)
Despite the importance of labour market constraints we only account for the

non-negativity constraint,
Hj, >0, j=fm, k=t t+1,.--,T. (11)
Leisure and labour supply are also constrained through the time budget, that is
Liu=L—-Hjp, k=tt+1,...,T. (12)

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

discounted sum of lifetime preferences with respect to Zy, Hyy and Hmtr, for t' =
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t,t+1,...,T, squect to the constraints stated above and given values of F;_;, K;_,
and FT’.'

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

and _
~ aUzt
/ = 13
G 8Z, Atph | ( )
. lif . . |
GIBL;: = Ay + i, j=fm (14)
and
1 i ,
At = pE: [(1 + Rt+1)/\t+1] + 9y, (15)

‘where ”tilde” denotes that the variable is evaluated at the optimum, G’ is the partial
derivative of G with respect to [U,.(Z;) + ¥ Uje(Lj¢)], and

= 1= 5 o
and
_ )
Rea Sren [ 3("‘t+1Ft)] (17)

are the after-tax marginal wage and interest rates. The Lagrange multipliers A, ¢,
and aj, 7 = f, m, which are associated with the wealth constraint, the borrowing

constraint and the labour supply -constraints, are all household- or person-specific.

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 (7), and assume that the
within-period preferences over consumption of non-durables and durables can be

formulated as

% = IIO(KO)KI’ "',KT'pCO,Cl".',CT) =

Z(l o (UslK - BEeal +UalC}. (18)

t=0
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Concerning our specification of the utility of durables, we notice that Bover [5],
Hotz, Kydland and Sedlacek [14], Johnson and Pencavel [16] and Muellbauer [24]
use a similar specification of the utility of leisure and non-durables.

Notice also that if 3 =0,

T
%=3 (Tf—p)— {UulK) +UalC}. (19)

That is, if 8 = 0, our treatment of durables coincides with the standard specification
(1). 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 bundie, cf. Spinnewyn [27], Phlips [25, 26], Houthakker and
Taylor [15], and Stadt, Kapteyn and Geer [28].

The choice of reference bundle varies across analyses. Houthakker and Taylor [15]
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. Coﬁsumption of these stimulus are, however, habit-forming, and
we can say metaphorically that househdlds have builf 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 [26], this "built-in”
mechanism is typical for other kindé of nqh-durables as well.

While these tﬁo examples are related to habit formation, Alessie and Kapteyn

"[1] are concerned wi.th the fact that household preferences are influenced by the be-
haviour 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 for-
mation. Phlips [26] 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 neighbéurs, 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
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the health of the consumer.

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. According to the habit-interpretation,
we would expect that 3 (in equation (18)) satisfies the condition 0 < 8 < 1, and that
B measures the extent to which habits influence current decisions®. Notice also that
a more general means of accounting for habits, would be to introduce E}Ll B;K:;,
where we may reasonably assume B;_,, > Bi—n, for n > m.

Specification (18) implies that households have rational, in contrast to myopic,
habits, cf. Muellbauer [24] and Spinnewyn [27]. This means that households recog-
nise 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 (K; — BK,;-1), and in this case
intertemporal utility is separable (in (K, — BK,_,)).

In order to present an interpretation of 8 which is particularly relevant for

durables, split 8 into two componen{;s according to
B=1-6;—6,, : (20)

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

It is assumed that habits are determined by the stock of durables that was de-
manded in the last period after deductions for physical as well as psychological

3Muellbauer [24], using quarterly US consumption data, claims that 3 can be negative if K, is
purchases of durable goods, but this argument does not fit our specification since K is stock of

durables.
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~depreciation. Physical depreciation eqﬁals 84K, _,. The reason for introducing psy-
chological depreciation is that, according to our theory, the houséhold gets tired of
the current stock of durables and wants a change. An example méy 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 psycholdgically dépreciated good 6,K;_; can be sold
in the market, we must distinguish between physical and psychological depreciation.
At the end of period ¢ the utility relevant stock of durables is then (1 —6&; — 6,) K;—1.

According to this story it seems reasonable to assume that é, > 0. On the other
hand, if durables are not worthless wit‘h respect to utility, but for some reason or
another are of sentimental value, §, can well be negative. It is then reasonable to
assume that the size of §, 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 6, is conéta.nt, that is, independent of all these variables.

The upper limit of B implies that §; + 6, > 0. If §; + §, = 0, equation (18)

reduces to .
. T 1 ’
‘/0 = ;) a-{-—p)t {Ukt [Kt - Kt——l] + ch(Ct)} . (21)

This means that for the special case that 8 = 1, equation (18) implies that the
household is concerned about the increase in the stock of durables .

It remains to explain the relationship between equation (7) and (18) in their
specification of preferences over non-durables and durables. By substituting (K —
BKp-1) into the wealth constraint (9), the wealth constraint can be written

> wieHjk + reFiecs — L (wgieH g, Wk Honie, e Fre-1) = (22)
j=fm
2Cr + @i [Ki — BKi-1] — 606 Ki-1 + AF,. (23)
If (Ki — BKi-1) is the relevant measure for consumption of non-durables, the spec-
ification of the wealth constraint and the associated preference function imply that

(K — BKj-1) can be viewed just like any other good. (In this respect the term
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—6pqr K1 can be interpreted as negative income.) This means that we can use the
Hicks aggregation theorem for aggregation of these two goods into a Hicks composite
good.

The application of the Hicks composite good theorem, cf. Deaton and Muell-
bauer [9], requires that the price ratio ¢/p is constant over time. In the long run
this assumption seems reasonable, and there are also arguments that justify this
assumption as a reasonable approximation during the sample period, cf. section 7.

In what follows we assume that the composite good theorem can be used.

3.3 The measurement of the composite good
For estimation purposes we need observations of Z. Let
Y= Cut X [Ki— (1~ 65)Kia], (24)

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

Zk =Yy + 6,Di1, (25)
where
Dy = . Ki-1
Dk

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 §, = 0, then Z, = Y%, and
specification (7) 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 Dy._, for at least one period. It
remains to give an account of how we can observe Y;. Since our data do not include

reliable observations of this variable, we use the indirect approach. We have

Pk =fm

1 .
Y. = — LZ WikHje + T Fi1 — I (‘lkaka, Wenk Honie "'ka—l) — AF,|. (26)
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Apart from the unknown habit persistence parameter §,, we observe all com-
ponents 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 §, is small compared with Y, and measurement
errors in D may then be less serious than in the standard framework presented in
section 2. Specification (8)/(7), and the first order condition (13), 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 dﬁrables. In

section 4 and 5 we show that §, can be treated as a parameter to be estimated.

3.4 Estimation strategy

Since the composité good, Z, with the exception of the unknown parameter, é,, 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 Kornstad [18], and we
will now focus only on the use of the marginal rate of substitution functions, cf.
MaCurdy [21] and Altonji [2]. |
Accor&ing to economic theory, households adjust 4dema.nd until the marginal rate
of substitution between twé 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
BU,-,/aL,-, — mjt
3U,t/aZt Pt >

That is, in equilibrium the marginal rate of substitution between female/male leisure

j=f,m. | (27)

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)
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values of L; and Z, and v;re 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 sub-
sample of workers that are unconstrained in the labour market is well known, cf.
Heckman and MaCurdy [12]. According to Heckman [11], 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 considerabl&, 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 L; 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 (15) in the case of no binding constraints in the credit market, we

find that

G'8U,,/8Z, G'OU.111 /3Zt+1] (28)

D "1 i PEt [(1 * Ben) Pt+1
~where G’ is the partial derivative of G. Assuming e;;; is the one-period forecast
error, this expression implies
G'OUu1/0Z00,  14p [G'0U,./0Z,
P41 T 1+ Ry [ Pt

If expectations are rational, e;;; is uncorrelated with

1 +p [G’aUzt/azt]

\ (1 + eera). (29)

30
1+ R Pt - (30)

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 probiem if the relationship is estimated from a subsample |
of households that are unc§nstra.ined in the credit market.

Section 5.1 discusses the estimation procedure in more details.
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4 A Particular Empirical Specification

In what follows we assume that the monotonic transformation function G is given.

by

0 __
g=2u-l . (31)

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

=(Zik+zo)”"1 A_ Fie — 1 - 1

Uik + I‘.). -+ Qik mik _ ) (32)
o w

where subscript ¢ denotes household and 6, o, 4 and w are unknown coefficients. The
coefficients v and w determine the intertemporal substitution elasticities 1/(y — 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 [12]. The interpretation of o is less
straightforward, since 8 # 0, implying that Z is not an ordinary physical good.

If the within-period utilities are to be strictly concave, o, 4 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 6,, are allowed to be negative, Z can be negative. If z is
zero and Z is negative, the (Box-Cox) utility of Z is undefined; in order to avoid
this problem, we introduce the parameter z,. Notice also that since 6, is unknown,
the smallest value of Y; + épD;—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, I';
and Q, can be related to ‘a. vector of exogenous and observable consumer char-
acteristics, X;; and B;:, and unmeasured characteristics, €;; and 7;, according to
Tir = exp(Xi @z + €ir) and Qi = exp(Bixds + nik). The error terms are needed since
the econometrician cannot observe all components that influence preferences.

The first order conditions for leisure and consumption become
Ui N (Zie + 20)° 7 = Xieprs (33)
Up 'Tal}y' = Mempa + apie (34)
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and
Ui Qe L2} = XitMimie + Qi (35)
Assuming no binding constraints, either in the labour markets or in the credit

market, the relationship between female leisure and the consumption good Z corre-

sponding to equation (27), can be written

In Ly = Xikay + a2ln Dt

+ as 1n(Y:t + 29 + 6pDit—1) + Vit (36)

Pt

where 41 =—¢:/(Y—1),a2 =1/(v—1), a3 = (¢ —=1)/(y—1) and v = —ext/(y—1).

The similar relationship between male leisure and Z can be written

Mmit

In Lie = By + b2 ln + b3 In(Yi: + zo + 6pDie—1) + it (37)

Dt
where by = —¢p/(w—1), b2 = 1/(w—1), b3 = (6 —1)/(w—1) and pis = —ir/(w—1).
It also follows that the Euler equation corresponding to equation (29) can be
written

Ui

Uitl + &it+1, ‘(38)'

| ~In [(1+Ra+1) P (

Pt+1 \

Zispr + Zo)a_l] ’ '
. =In(1 (1-6)ln
7 ¥ 70 ) (1+p)+(1-6)

where §;:41 = In(1 + €it+1)-

5 Estimating the subutilities

Ideally, equation (36), (37) and (38) 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 subutiﬁtieé, cf. equation (36) and (37), before we in the second
stage estimate the monotonic transformation G, and the time preference rate p, cf.
equation (38).

Comparing equation (36) and (37), we notice that the definitions of the pa-
rameters a,, az, b, and b3 yield four equations for the determination of the three
coefficients v, o and w. The model specification then implies a particular kind of

~parameter restriction across the two equations, which should be accounted for in
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the estimation. Moreover, notice that these equations are non-linear in §,, 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 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 (39).

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 intq two components according to Inm; =
In(1 — 81/8(w;H;)) + lnw;.

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 [10]. 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
iﬁ 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
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label this kind of endogeneity "statistical endogeneity”.

Many empirical analyses account for this endogeneity of thé wage rate by in-
troducing 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 [20] assumes that wages follow a quadratic function in age with
intercept and slope coefficients that depend on age-invariant 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 eﬁ'ects; Deépite 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 [10], and the
findings in [8] by Dagsvik and Strgm, we assume that the loga.fithm of the wage rate

is a linear function of work experience, experience squared and education, that is,
Inwjiy = Mjisgaj + vijie, 3= Ff,m, (39)

where M represents the consumer characteristics that are assumed to be exogenous
from an econometric point of view, g, is the corresponding vector of coefficients, and
v is an error term. Education is measured in years, and work eiperience 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
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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 — 81/8(w; Hj)).
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 househéld. Wage
incomes, financial savings and interest incomes and deductions are then influenced
by the size of the household, and when the size of fhese varia.blés is determined, the
marginal tax rate is also determined. The instrument equations for the marginal

tax rates are then

In (1 - %) = Bjitgs; + €5ie, J = f,m, (40)
where B is the vector of consumer cﬁuacteﬁstics, that is, experienée, experience
squa.red,'educa.tionba.nd the number of children with age less than 21 years, g, is the
corresponding vector of coefficients, and € is the error term. Based on the above
assumption, the vector B can be treated as exogenous in the estimation.

The cash flow related to purcha.s‘es of durables and non-durables is endogenous
for the househo‘ld.v We use education and education squared for the male as instru-
ment 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 mar-
ried 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, par-

ticularly durables, depends on age relative to the age when one finished education.
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The instrument equation for the cash flow related to the purchases of durables

and non-durables is then
Y = Siegs + ity (41)

where S represents the consumer characteristics that are assumed to be exogenous
from an econometric point of view, g, is the corresponding vector of cogfﬁcients, and
¢ 1s 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 (36) and
(37), 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 D,_, 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 D,_;. 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
Dy = Jug; + i, (42)

where J is the vector of household characteristics that are assumed to be exogenous
from an econometric point of view, g; is the corresponding vector of coefficients, and
¥ is an error term.

The complef:e model to be estimated consists of the structural equations (36)
and (37) and the instrument equations (39) to (42). ‘The properties of the error

terms are as follows. Let u; = (i, pit, Vsit, Umit, €fity €mit, Sit, Pie)' be the vector of
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error terms for the simultaneous equation system. The subsequent analysis assumes
that
Eu, =0, Vit (43)
and that
E(w.u) =Y., Vit | (44)
It is also assumed that u; is serially correlated, but uncorrelated between house-
holds. Assuming, in addition, that the components of u; 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 [29], and

from the parameters of these equations it is possible to identify the parameters of

preferences.

5.1 Estimating the monotonic transformation

Using the definition of U, the paia.meter estimates for o, 6, w, the taste modifier
parameters ¢, and ¢, and panel data observations of Y, ¢.K;-1, Ly, L, as well
as the taste modifier variables, it is possible to estimate In(Uc41/U;) and ((Ze41 +
20)/(Z¢ + z0))° ! for use in the estimation of the Euler equation (38).

Estimating the Euler equation requires that we decide which households are
unconstrained in the credit ma.ﬂ;et, ¢f. (10). We do not have access to that kind of
information, and for simplicity? we assume that x = 0.9. Since we cannot observe
q¢:K;, but only ¢, K;_;, we also assume that households are'ﬁnconstra.ined 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
- Ft < O.QqH.lKg. (45)

The selection problem that may be involved by estimating the Euler equation from

a subsample of unconstrained househblds, will be ignored.

4One reason may be that households cannot finance the purchase of durables without having

any own capital. By choosing x = 0.9, we approximate.
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The properties of the error term £;;4; = In(1 + e;41) also require comment.
Since &;;41 is a non-linear function of e;4;, the assumption that E.;e;;4; = 0 does
not imply that E,{;;1 = 0. In what follows we assume that the (conditional)
variance of e;;4; is constant across the sample, and that it is small. By approximating
In(1+ e;¢41) with a Taylor expansion, we then find that E.£;;;, is small, and that the
(conditional) variance of §;;41 is constant. The Euler equation can then be estimated
by a maximum likelihood procedure that treats the estimates for In(U41/U:) as

exogenous.

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 the Central Bureau of Statistics in Norway, and
I have linked them on the basis of personal identification numbers.

The Income Distribution Surveys consist rﬁainly 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, a.pd
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.
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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 linked the Income Distribution Survey 1989
with the additional postal survey, and the Income Distribution Survey 1990 with
the Standard of Living Survey 1991. The postal survey and fhe Standard of Living
Survey 1991 include questions about the market value of housing, cottages, cars and
private motor boats in 1989 and 1990 respectively, and the variable ¢, K;_; includes
all these durables. o

The postal survey and Standard of Living Survey 1991 also include information
about working time in 1989 and 1990. 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 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 get overtime
pay, and works much overfix_ne, the observed wage rate underestimates the standard
wage rate.

The data are combined in the following way. First we have linked the Income
Distribution Survey 1989 and 1990 with th¢ Standard of Living Survey 1991. (The
Income Distribution Survey 1989 is included only to get data for financial savings
through 1990.) Then we have linked the Income Distribution Survey 1988 and 1989
and the additional survey to the Income Distribution Survey 1989. (The Income
Distribution Survey 1988 is included only to get data for financial savings through
1989.) From this last subsample we have exduded all persons who are included in
the subsample from the first linkage. Finally, we combine these two subsamples into
one samplé. |

The selection rules are a.s foliows. Only married couples for which both spouses

" are between 30 and 55 years in 1990 are included. Those couples for which at
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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 hours® 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 2. As a consequence,
all couples for which the wage rate of the female exceeds 230 kroner or the wage
rate of the male exceeds 270 kroﬁer, 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 bias the estimation
results since the (pre-tax nominal) interest rate do vary across households. The
average consumer price index published by the Central Bureau Qf Statistics, is used
to measure Pt/Pe+1- The average is based on monthly observations.

Estimating the Euler equation requires panel data for L¢, L, Y and D for
fwo 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.

5The 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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6.1 Some arguments in favour of Hicks aggregation

Complete household expenditure data for Norway are collected by the Central Bu-
reau of Statistics. 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 paper suggests aggregating Cj and (K — BKj—1) 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-durables®, includes expenditures related to housing
| as well. According to [7], 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 it éeems 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 mdre defendable in other

periods.

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

SUnfortunately this index also includes prices of durables, and the observed price of non-durables

may then be biased.
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means that the observed endogenous variable A in the regression function is related
to the true variable Ag according to A = A¢+ @, where w is a randomly distributed
error term that is distributed independently of all instrument variables. Given the
results presented in appendix 2, 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 (38). If there are
measurement errors in equation (36) and (37), the error terms of these equations
include measurement errors. This means that the 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.

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 resﬁlts from
the estimafion of the instrument equations, these results are presented in appendix
1. That section also presents the estimates of the parameters of equation (36) and
(37).

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 Y; and D;_; 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
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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 [30], 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 statistica]ly significant. We also notice that the estimate of the coefficient on the

| age variable is appi'oxima.tely' the éame 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 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 [12], but it is imprecise.

The estimates for v and w are not significantly different from zero. We do not

have knowledge of similar studies using Norwegian data, and cannot use this sort
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~of information for claiming that thesé parameters are different from zero. Both
estimates are, however, consistent with the results in [31] by Aaberge, Dagsvik and
Strgm, although they use a static and somewhat different model specification. The
estimate for 7 is also consistent with the results in Heckman and MaCurdy [13]. The
implications of the finding that 4 and w 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 a.ssﬁmption of a strict concave utility
function. Since the absolute value of 4 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 (34) and (35). 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 §, exceed the
absolute value of the barameter estimates. This means that we cannot reject the null
hypqthesis that the psychological depreciation factor §, equals zero, and suggests
that the relevant measure on the consumption of durables is [K; — (1 — 8;)K,_1].
The reason for introducing zo implies that zo should be greater than zero.

In contrast to all the other eétima.tes, the estimate for o is very precise. It is
consistent with the assumption that preferences are strictly‘concave. Since there
are no other studies that use our spéciﬁcation of the composite good Z, this result
must be compared with the result of studies” that use the standard consumption
measure, cf. section 2.1. MaCurdy [21] includes imputed service flow for durables in
the cogsumption measure, and finds that the parameter corresponding to o is 0.34,
with standard error equal to 0.21.

It remains to present the estimates from the estimation of the Euler equation

(38), cf. table 3. Notice that the standard errors in this table do not account for

"The estimate for o is very similar to the result in the (static) model of Aaberge, Dagsvik and
Strgm [31].
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“the dependence of the variable In(U;;1/U;) on estimated quantities.
In this case, the estimates for p and 6 are both statistically significant. The
estimate for 8 implies that § — 1 is negative (= - 0.112), and this result is consistent

with risk averted households.

8 Summary

This paper formulates and estimates a life cycle model of labour supply and con-
sumption 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 em-
pirical studies have presented evidence in favour of utility being a relative concept,
by specifying preferences subject to a reference standard. According to Boyer [6],
the authors of these studies generally argue that although the assuniption 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,
howéver, raises the question of how habit formation should be modelled. We intro-
‘duce 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 (K; — BK;_,) 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
consurﬁption of non-durables, and the price and the physical stock of durables. We
argue that if the psychological depreciation parameter §, is small, this specification
reduces the bias in the estimate of o 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-
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specific subutilities into one component that determines within-period allocations,
and a monotonic transformation that influences the allocations between periods.
The monotonic transformation also introduces a particular kind of non-separability
in the within-period utilities. A

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 § and w 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 sig-
nificant. This analysis then suggests that [K; — (1 —5)K;_,] is the relevant measure
of the consumption of durables in context of utility.

Finally, we estimate the Euler equation, but as we have ai‘gued, for this esti-
mation to give consistent estimates, there is ‘no room for measurement errors. It is

then reasonable to assume that the estimates for 6 and the time preference rate are

biased.
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Appendix 1

A 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 (36) and (37), and the instrument
equations (39) to (42). (All the equations are estimated as a simultaneous equations
system by FIML.) |

Table 4 shows the estimates of the parameters of the marginal rate of substitution
functions. With the exception of the intercepts, none of the variables have a t-
statistic in excess of two. |

We do not present the multiple correlation coefficients for the following reason.
In the reduced form case, the multiple correlation coefficient, R?, measures the pro-
portion of the original variance in the dependent variable that is explained by the
regression as a whole. The marginal rate of substitution function, however, includes
endogenous right-ha.nd-side variables, and the meaning of R? becomes unclear. Fur-
ther, the total sum of squares cannot be partitioned into explained and unexplained
sums of squares for simultaneous equation estimates, since the residuals are not or-
thogonal to all of the expla.naté;y variables. The residual sum of squares can then
exceed the total sum of squares, and R? will be negative if it is calculated via the
residual sum of squares. .

Table 5 presents the results for the wage rate equations. All estimates are consis-
tent with the results of Dagsvik and Strgm [8]. The parameters of the female wage
rate equation are estimated less precisely than the parameters of the male equation.

Regarding the parameters of the instrument equation for In(1 — 81/8(wH)), cf.
table 6, we notice that while the parameter related to the number of children with
age less than 21 years is statistically significant for the female, it is determined rather

imprecisely for the male. The estimates for the parameters related to experience,
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experience squ#red and education for the females are within the estimates for the
males plus or minus one standard error.

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 7 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 8 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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Appendix 2

A 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 7. For some reason this procedure seems to
bias the distribution of the wage rate, at least for females, cf. table 9. This 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 7. The upper limif
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 a.vérage female labour supply is only about 400
hours, or about one fourth of average male labour supply. Even thoﬁgh 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 is omitted from the empirical

analysis. For the males the corresponding limits are 50 and 270 kr.
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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

devation value value

Female leisure per year 7270 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 /éxpenditures 0.394 0.064 0.260 0.456
Cash flow related to purchase v

- 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
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Table 2: FIML estimates! for the subutility.

¢= ¢b
Constant Age Children! 5 Constant Age w

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)

20 6p g

30241.9  0.0333  0.9558
(31029.4) (0.0662) (0.0359)

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

Table 3: ML estima.tion1L of the monotonic transformation.

P 0
0.0663  (0.8881)
(0.0026) (0.0682)

t The asymptotic standard errors in parenthesis are
not adjusted for the use of the instruments.
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Table 4: FIML estimates! for the coefficients of the marginal rate of substitution

functions.

ay

Constant Age Children? as as 2z by
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)

b,
Constant Age b,
10.738  -0.0025 -0.5322
(1.627)  (0.0026) (0.3952)

T Standard errors in parentheses.
} The number of children with age less than 21 years.

Table 5: FIML estima,tes't 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)

t Standard errors in parentheses.
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Table 6: FIML estimates! for the coefficients of the instrument equation for In(1 —

81/8(wH)) for females and males.

Constant Experience Exp. squared Education Children?

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)  (0.00019)  (0.0059)  (0.0039)

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

Table 7: FIML estimates! for the coefficients of the instrument equation for cash

flow related to purchase of durables and non-durables.

Constant Male education Education squared Female experiencé

-124399 63799.2 -1967.59 -693.798
(275512)  (40069.2) (1479.99) . (2285.59)

t Standard errors in parentheses.

‘Table 8: FIML estimates! for the coefficients of the instrument equation for the

stock of durables.

Education

Constant Female Male Inhabitants

135258  66332.4 491354  48865.6
(306063) (24659.0) (22763.2)  (43467.2)

t Standard errors in parentheses.
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Table 9: 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 51 343.8 | 19197.0 88 281.7 | 10738.4
Hourst - 51 403.7 | 60186.3 88 1642.3 | 676742.7
Age 51. | 400| . 466| 88 43.6 48.2
Education 50 10.6 4.2 87 13.4 7.5

t Labour supply measured in hours.
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