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1. INTRODOCTiv.'J

The seven essays in this dissertation deal with micro-econometric

models of decision making individuals or families, trying to behave

optimally, given the restrictions they face. Some of the models are

strictly neoclassical in the sense that behavioural equations explaining,

e.g., labour supply or the demand for some consumption commodity, are

derived from neoclassical assumptions: The individusl maximizes some

parametric static utility function subject to one or more constraints

which determine the choice set. In other models, one or more structural

equations are replaced by reduced form equations in order to be able to

focus on the constraints and still retain a tractable econometric model.

All models considered are static limited dependent and latent variable

models ar.d the commcn estimatior. method us23 ir. all essays ~~ Waximu.:.

likelihood. The seven studies, Chapters 2 through 8 in this thesis, all

start with an introduction of their own. Therefore, this introductory

chapter is kept brief and emphasis is placed on the common aspects and

interrelations between the separate papers.

In Chapter 2, a model is analysed which explains household
expenditures on domestic vacations and vacations abroad. The Engel curves,
which are derived from the Almost Ideal Demand System, cannot be treated
in the usual manner: In the first place, many families do not spend
anything ~on one or both types of vacations within a given year. Secondly,
there are relatively very few people who are observed to spend small
amounts. In order to take these characteristics of the data into account,
a latent 'threshold value' variable is introduced. The threshold value can
be interpreted as the minimal costs associated with a vacation.

Although the original Engel curves fit perfectly in a utility
meximizing framework, the model which finally results is, strictly
speaking, not consistent with utility maximization, since we neglect
'spill-over effects', i.e., the fact that a binding constraint on the
consumption of one commodity may affect demand for another commodity. The
restriction that expenditures on one type of vacations cannot be too small
may affect expenditures for the other type of vacations and this is not
accounted for in the model in Chapter 2. The only way in which the demand
equations for both types of vacations are linked is through correlation
between the error terms. An alternative, strictly structural, approach
would be to model the spill-over effects explicitly using conditional
demand equations based on shadow prices. This approach was not feasible
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due to lack of price variation in the cross-section data at hand.
Chapters 3 and 4 are of a more theoretical nature and do not contain

empirical results. The issue of these chapters is coherency of limited
dependent variable models and the relation between coherency and
regularity properties of the underlying system of preferences. The fact
that in limited dependent variable models coherency, i.e., existence and
uniqueness of the reduced form, is sometimes not automatically guaranteed,
has been known for a long time. See, e.g., Heckman (1978), who refers to
coherency as 'the principal assumption'. Nevertheless, it has been
neglected in a significant proportion of recent applied work.

In Chapter 3, we analyse the special case of a demand system based
upon the indirect translog utility function with non-negativity
constraints. Lee and Pitt (1986) illustrate the value of this model for
empirical use. It is shown that for this model a close relationship exists
between coherency of the econometric model and regularity of the
underlying system of preferences, i.e. monotonicity and concavity of the
expenditure function.

Chapter 4 contains a number of other examples of structural models
which may suffer from incoherency as a consequence of the fact that the
region in quantity or in price space where the system of preferences
satisfies regularity conditions is not large enough. A general framework
is sketched in which the relation between coherency of the econometric
model and regularity of underlying preferences can be analysed. Sufficient
conditions for regularity in a large enough region of quantity or price
space are derived for a number of parametric models. These conditions
imply coherency. On the other hand however, examples show that the extent
to which regularity of the system of preferences is necessary for
coherency depends on the degree of complexity of the constraints under
which utility maximization takes place. Hence, general results on
necessary conditions for coherency cannot be derived. Flirthermore, we
demonstrate by means of an example that it is important for the applied
worker to impose model coherency for all observations from the start, at
least if maximum likelihood estimation is used.

As noted above, empirical work with cross-section data on spill-over
effects by means of a structural model often suffers from a lack of price
variation in the observations. The main exception is labour supply. The
fact that wages vary across individuals not only allows for the
calculation of wage elasticities from cross-section data, but also makes
it possible to use shadow wages to take account of constraints. Examples
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of structural labour supply models with several types of binding
constraints are discussed in Chapters 5 and 6.

The main contribution of Chapter 5 is a thorough analysis of the

properties of the system of preferences introduced by Hausman and Ruud

(1984). These properties appear to be important tools for empirical

applications. Starting from the indirect utility function, we derive

regularity conditions, the direct utility function, and conditional

commodity demand (or labour supply) functions. Although this system can be

viewed as a general system of consumer preferences, we focus on

applications in the field of family labour supply, i.e., the commodities

considered are male leisure, female leisure, and aggregate family

consumption. The chapter ends with an empirical example, in which we focus

on the spill-over effects of labour supply constraints for one spouse to

the other spouse's behaviour. We accouiit For the rion-linearities in the

individual's budget constraint due to piecewise linear taxation and the

non-convexity which arises at zero hours of work in case of unemployment

benefits. Coherency is guaranteed by imposing restrictions on the

parameters to be estimated and one of these restrictions turns out to be

binding.
A drawback of the empirical model in Chapter 5 is that preference

variation between families through unobserved characteristics is not
allowed for. Random preferences are incorporated in the models in Chapter
6, which on the other hand do not take full account of the simultaneous
nature of the labour supply decisions of the two spouses in the family. In
Chapter 6, we start from individual Hausman type linear labour supply
functions (see, e.g., Hausman, 1981a). First, these functions are
estimated under the assumption that the kinked convex budget constraint is
the only restriction playing an explicit role. Other constraints are only
implicitly allowed for: A normally distributed error term is included,
which is assumed to account for all sources of deviations between desired
and observed working hours. This error term may reflect measurement
errors,.optimization errors, or hours restrictions.

It is then argued that, for males as well as for females, this model
is not able to reproduce the spiked distribution of actual working hours
in the data, and the model is extended with a mechanism generating demand
side.or institutional restrictions on working hours opportunities. This
second model does a much better job in reproducing the data and generates
wage and income elasticities of labour supply which are well in line with
those obtained by the fírst model in this chapter. We also generalize a
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dead weight loss measure for the inefficiency due to the tax system. The
estimation results suggest that ignoring the institutional or demand side
constraints leads to a strong overestimation of the distortionary effect
of the tax system.

A common drawback of the studies in Chapters 5 and 6, and of the

majority of empirical micro-econometric work on structural labour supply

models, iS the ad hoc treatment of the problem of imperfect information on

wage rates. Wage rates of people who do not work are not observed and

replaced by predictions, which are then treated as if they were the true

wage rates. A simultaneous model for hours of work and wage rates would be

a natural approach to overcome this problem. However, combination of the

already complex structural labour supply models with a wage equation is

beyond the scope of this thesis.
Chapters ~ and 8 focus on modelling the impact that minimum wage

regulations have on labour market participation, employment, and the wage
distribution.

In Chapter ~, a model similar to the models introduced by Meyer and
Wise (1983a,b) is analysed. In this model, the legal minimum wage for
youth and adults is explicitly taken into account. The model allows for
two possible effects of the minimum wage: A negative demand side
employment effect (some people loose a job, because the minimum wage makes
them too costly for the firm) and the effect on the earnings of minimum
wage earners. In the second part of the chapter, the results in Chapter 5
are used to estimate a structural labour supply equation. Simulations are
performed which are based upon this labour supply equation, combined with
the model introduced in the first part. In this way, we also allow for a
positive supply side effect of minimum wages (if the minimum wage level
rises, some people will be attracted to the labour market).

In Chapter 8, the Meyer and Wise model is extended by introducing

separate 'reservation wage' equations for firms and individuals. Thus

demand side, supply side, and wage formation are clearly distinguished,

and the model not only allows for the three effects of minimum wage

regulations mentioned above, but also for the fact that the minimum wage

regulation may have a positive impact on wage rates above the minimum.

Moreover, the legal minimum wage is replaced by a latent 'threshold value'

variable, such that implicit and explicit minimum wage regulations other

than thé 3ega1 minimum can also be taken into account.

The empirical results in Chapters ~ and 8 suggest that minimum wage
regulations have a negative impact on employment, since negative demand
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side effects tend to dominate positive supply side effects. On the other
hand however - and this holds for Chapters 5 and 6 as well - the
differences in magnitudes of the effects as estímated by the different
models is so large that results are obviously rather sensitive to the
choice of the model. Policy conclusions should thus be drawn with care.

A brief summary and evaluation of the various results are given in
Chapter 9.
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2. A MICRO-ECONOMETRIC ANALYSIS OF VACATION BEHAVIOUR

2.1. Economics and Vacation Behaviour

During the past few decades going on vacation has become a common

phenomenon in Western countries. Accordingly, the economic significance of

tourism has largely increased, both in terms of its impact on G.N.P. and

in terms of the number of people who are employed in the tourist industry.

Especially in some Western European countries, such as The Netherlands,

tourism substantially influences the current account of the balance of

payments.

In the empirical literature on vacation behaviour one can distinguish
two types of work. One approach is to analyse aggregate time series of
travel flows betwaer. co',;ntries, usiag aggregate ir.rome, prices ard
exchange rates as the main explanatory variables. Examples can be found in
Gray (1966) and Bond (19~9). Alternatively, one may analyse individual or
household (cross-section) data on recreational and vacation behaviour.

Most of this literature focuses on modelling the determinants of choices
of recreational activities or on examining the demand for recreational
sites. See, for example, Cicchetti (19~3) and Morey (1984, 1985).

The present paper is in the spirit of the latter approach. It

presents .a micro-econometric limited dependent variables model, which

simultaneously explains the decision whether to go on vacation or not, the

choice between a domestic vacation and a vacation abroad, and the decision

on the level of vacation expenditures. The model will be estimated on the

basis of a cross-section of 1822 Dutch households.

As has been stressed by Morey (1984, 1985), vacation activities can
be modelled as household products which are produced using market goods
(such as recreational services, food, gasoline, etc.) and time of the
family members as inputs. In this household production approach, the
family is assumed to maximize a utility function defined over vacation and
other activities, subject to the production technology constraints, the
time constraint, and the income constraint. Thus demand for market goods
as well as time inputs depend on all input prices (including wage rates)
and (non-labour) income. This approach thus explicitly recognizes the role
of time costs in determining vacation decisions. Although we cannot
incorporate wage rates directly in our empirical model, since information
on wages is not available in the data, the effect of time costs will be
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captured by including wage predictors such as age and education as
explanatory variables.

The organization of this chapter is as follows. In section 2.2 the

model is presented. In section 2.3 we discuss the data and the estimation

results. Section 2.4 presents some simulation results and section 2.5

concludes. The appendix of this chapter contains some details on the

computation of elasticities and the likelihood function of the model.

2.2. A Micro-Econometric Model of Vacation Behaviour

In this study we distinguish only two types of vacations: Vacations
spent in one's home country and vacations spent abroad. Of course,
vacations differ in many other respects, such as means of transportation,
housing, season in which they take place, duration, etc. The distinction
between domestic vacations and vacations abroad, however, is particularly
interesting from a macro-economic point of view, because of its relevance
for the current account of the balance of payments. In The Netherlands,
for example, the deficit on the travel account in 1981 was almost 5.2
billion guilders, or 1.5x of G.N.P. For a policy aimed at a reduction of
this deficit it is important to know which factors affect households'
decisions whether or not to spend a vacation abroad.

To specify the model we start from Working-Leser Engel-curves (see,
e.g., Deaton and Muellbauer, 1980):

wi - ai t Si log Y. i- 1.2. (2.1)

where y denotes the household's after tax income minus net savings.l) In

the sequel of this chapter, y will be referred to as 'income'. wl and w2

denote expenditures on domestíc vacations and vacations abroad as a

fraction of y, respectively. The ai and pi (i-1,2) are parameters.2) If wi

is positive, the corresponding elasticity of expenditures on vacations in

destination i with respect to income is given by

~i - 1 ~ ~i

y wi

(2.2)

Thus, for example, a vacation spent abroad is a luxury if and only if
p2 is positive.
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The prices of market goods and wage rates do not appear explicitly as

explanatory variables in equation (2.1). Given that we use cross-section

data in which all households can be assumed to face the same prices of

market goods, the effect of different prices for domestic vacations and

vacations abroad will be absorbed in the constant terms ai. Due to the

lack of information on working hours, we cannot calculate the wage rates

of the household members. Rather than using wages directly, we shall

thereforé use variables such as education and age, which have turned out

to be important predictors for wage rates in several wage studies (see,

e.g., Kiefer and Neumann (1981), Meyer and Wise (1983a,b), and Chapters ~

and 8 of this thesis). In particular, we allow the parameters ~i to vary

with the wage predictors and other family characteristics. Thus, equation

(2.1) can be seen as a reduced form equation which is obtained by

eliminating the wage rate frcm the criginal dcm~.3 equaticn using a wabe

equation.
Expenditures on vacations are of a mixed discrete~continuous nature.

The decision whether to go on vacation or not and the decision which
destination to choose are discrete, whereas the decision on how much to
spend is continuous. This is reflected by the relatively large number of
zero expenditure observations in the data. See Table 1.

Most households choose only one of the two destinations (either w1-0
or w2-G) or do not spend anything on vacations at all (w1-0 and w2-0).
Only few families spend money on domestic vacations as well as vacations
abroad.

Table 1 also reveals that there are relatively few households with
low positive expenditures on vacations, in particular on vacations abroad.
This may be a consequence of the definition of a vacation used in the
survey from which the data come. Only if one stays away from home for
recreation purposes at least four successive nights is it considered a
vacation.

To take this selection rule into account we assume that positive
expenditures on vacations are only observed íf they exceed the minimal
(unobserved) costs mi associated with a 4-day vacation in destination i,
i.e. we have
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wi - ai a pi 108 Y.

w, - w~ if ww z m.~Y,~ ~ ~ ~

wi - 0 if wi ( mi~Y,

(2-3)

The parameters ai and si, as well as the threshold values mi, may be
different for different households. In our specification we allow a, andi
mi to vary with household characteristics, while pi is assumed to be the
same for all families.

Table 1. Distribution of vacation expenditures (in Dfl)a)

Domestic Vacations

Vacations 0 0-800 800-1600 1600-2400 ) 2400 total
abroad

0 37.0 8.3 8.2 3.5 1.6 58.70-800 2.3 0.7 0.2 0.l o.0 3-3
800-1600 7.5 1.2 0.8 0.2 0.0 9.6
16oo-z4oo 8.3 0.9 0.7 o.i o.l 1o.i
24oo-3zoo 5.6 0.8 0.4 0.2 0.0 6.9
3200-4000 4.0 0.4 0.1 0.0 0.1 4.7
) 4000 5-9 0.6 0.2 0.0 0.0 6.7

total 70.5 13.0 10.6 4.1 1.8 loo
a) based on 1822 household observations from the 1981 Consumer Facpenditure

Survey in The Netherlands.

Furthermore, we add error terms e, to the budget share equations andi
error terms bi to the threshold equations to allow for unobserved family
characteristics affecting preferences and minimal costs, respectively.

Summarizing, the model consists of the following equations:

Kw
wi -~ aikXic }~ilog Y t Ei.

k-0

Km
mi- F áikzk4 bi~

k-0

(2.4a)

(2.4b)

w.-w' if w'2m.~y, w.-0 if ww(m.~y, (2.4c)i i i i i i i
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where i-1,2, and x-(x0,x1,...,xKw)' and z-(zC,zl,...,z~)' are vectors of
family characteristics. x íncludes a constant term, demographic variables,
dummy variables reflecting the occupational status of the family head, and
dummy variables indicating whether the family owns durables such as a
second home, a boat, etc. z includes a constant term, family size, and the

same dummies pertaining to the ownership of durables.
The error terms ei and bi are assumed to follow a joint normal

distribution. In order to keep the computational burden of estimation
within manageable proportions, block diagonality was imposed a priori:

Í ÍOÍ

0
0

0

oi pala2 0 0

pala2 02 0 0

0 0 2 W ,T T 2~i. 1 ~
0 WTlt2 T2

The parameters aik' ai' ~ik' oi' Ti' p and y have to be estimated.

2.3. Data, Estimation Method, and Results

(2.5)

The data set we used in estimating the model ( 2.4) -(2.5) stems from
a survey drawn in 1981 as a part of the Consumer Expenditure Survey of the

Netherlands Central Buresu of Statistics ( CBS), containing data on 2896
households. We used only data on families with at least two adult

partners.
Having removed a few households with incomplete or inconsistent

information on one or more of the variables, we obtained a data set with
1822 observations. In Table 2 some sample statistics are presented.

The model has been estimated by maximum likelihood. Details on the
likelihood function and its maximization are given in the appendix of
this chapter. The estimation results are given in Table 3. The upper panel
of this table contains the estimates of the parameters in the budget share
equations (2.4a), where budget shares are expressed as a percentage of
family income. Most of the parameter estimates in these equations
significantly differ from zero on the 5X level, particularly in the

equation for vacations abroad.
The signs of the parameter estimates for aik are largely in

accordance with what one would expect. Large families tend to stay in The
Netherlands. Older people spend less on vacations and in particular they
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are not inclined to go abroad. The higher the education level of the
family head, the more money the family will spend on vacations abroad.

Table 2. Sample statistics

mean standard
deviation

expenditures on domestic vacations (Dfl)a) 1078 805
expenditures on vacations abroad (Dfl)a) 2657 1909
total expenditures ('family income') (Dfl) 34150 12500
family size 3.21 1.2
age class family headb) 4.59 2.9
education index family headc) 2.31 1.1
degree of urbanisationd) 3.86 1.7
family head inactivee) 0.371 0.48
family head full-time studente) 0.008 0.09
family head is self-employed (incl. farmer) e) 0.060 0.24
car~motorbicyclef) 0.767 0.42
tent~trailerf) 0.187 0.39
second home~mobile homef) 0.048 0.21
boatf) 0.056 0.23

Explanation
a) Mean and sample standard deviation are computed excluding zero observa-

tions.
b) 1: ~ 20 years old, 2: 20-24 years old, 3: 25-29 Years old,..., 12: 70-

74 years old, 13: ~74 years old.
c) Ranging from 1(low) to 5(high).
d) Ranging from 1(country village) to 6(big city).
e) Dummies pertaining to the family head's occupation. If all three dummy

values equal 0, then the family head is an employee or a manager of a
firm he does not own.

f) Dummies with value 1 or 0, depending on whether or not the houshold
owns (one or more species of) the durable good concerned.

Apparently, a positive direct impact (a shift in preferences) dominates

the impact through the wage, which is expected to be negative, since a

rise in education level leads to a rise in wage, i.e. larger opportunity
costs of spending time on a vacation. With respect to the latter effect,

it should be borne in mind that in The Netherlands the number of days
available for vacation is fixed for almost all employed wage earners.

People who live in big cities prefer going abroad. If the familiy
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head has no job and is not a full-time student, this keeps the family from
having a domestic vacation, but surprisingly it has a negligible (direct)
impact on going on vacation abroad. Students feel very much attracted to
foreign countries. Farmers and other self-employed individuals are not big
vacation spenders, especially not in the home country.

The results with respect to the ownership of durables are also in
accordance with intuition. The ownership of a second home, a mobile home
or a boat stimulates the family to spend a vacation in The Netherlands.
For example, for the average household, the ownership of a boat changes
the domestic participation probability from 0.28 to 0.44, while the
participation probability for a vacation abroad decreases from o.43 to
0.35.

Tatle j. Estimaticn results (asymptotic standard ermrs ir. p~rentheses)

w' equations (in z) Domestic Vacations Vacations abroad

constant term 6.0 (4.6) -59.3 (7.6)
log total expenditures -0.9 (0.5) 5.9 (0.7)

family size 0.4 (0.1) -0.9 (0.2)
age class family head -o.l (0.06) -0.5 (0.09)
education class family head 0.0 (o.i) 0.4 (0.2)
degree of urbanisation 0.1 (0.08) 0.6 (o.l)

family head is inactive -0.8
family head is student 0.4
family head is self-employed -1.6

car~moto'rbicycle -0.3
tent~trailer 0.4
second home~mobile home 0.6
boat 1.9
6 4.3
P

m equations (in Dfl)
constant term

family size

car~motorbicycle
tent~trailer
second home~mobile home
boat

i
w

(0.4) -o.l (0.6)
(i.4) 5.2 (i.9)
(0.6) -0.4 (0.8)

(0.3) 0.2 (0.5)
(0.3) 0.8 (0.5)
(0.6 -3.5 (1.1)
(0.5) -1.4 (0.9)
(0.2) 6.8 (0.2)

-0.4 (0.03)

155 (6i) 986 (li9)
-16 (13) -46 (3z)

51 (37) -168 (85)
-2 (42) -127 (99)

169 (74) -93 (239)
57 (65) 187 (170)

97 (28) 339 (49)
0.4 (0.7)
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The parameters pi (i-1,2) reflect the impact of income on the budget
share for vacations with destination i. This impact appears to be slightly
negative for domestic vacations and largely positive for vacations abroad.
Clearly a vacation abroad is a luxury, whereas a domestic vacation turns
out to be a necessity.

Figures 1 through 3 show the participation probability, expected
expenditures conditional on participation, and expected expenditures as a

function of income y(savings excluded). See the appendix of this chapter
for details. Other variables in the equations are set equal to their

sample means. The figures again illustrate that vacations abroad are much

more sensitive to changes in income than domestic vacations.

The impact of an income increase on the probability of a domestic
vacation is the result of two opposite effects. If income is already high,
an income rise will lead to a substitution of a domestic vacation by a
vacation abroad, resulting in a smaller probability. If income is low
however, an income rise will result in a larger probability of going on
vacation.

Figure 3 reveals a positive relationship between income and expected

expenditures on both domestic vacations and vacations abroad and thus

shows that both goods are normal. The convexity of the curve for vacations

abroad again illustrates that a vacation abroad is a luxury, whereas a

domestic vacation is a necessity.

o.a

O.a

e. f

0.0
O ~e H a0 ~e 10 10 70 f0

Y(1000 Dfl)

Figure 1. Participation probabilities ( P) for the mean household
as a function of family income (Y)
- domestic vacation, ---- vacation abroad
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Figure 2. Expected amount spent given participation (Ec)
for the mean household as a function of family income (Y)

domestic vacation, ----- vacation abroad

E(1000 Dfl)

a ~

o ~o :a so ~o to ee ~o

Y(1000 Dfl)

Figure 3. Expected amount spent (E) for the mean household
as a function of family income (Y)

domestic vacation, ----- vacation abroad
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The estimates ~1-4.3 and ts2-6.8 for the standard deviations of wi and
w2, imply that, for the average household, the standard deviation of E1
conditional on participation on a domestic vacation equals 2.23, and the
standard deviation of E2, given participation on a vacation abroad, equals
3.95- The values of ól and á2 can be used to compute a goodness of fit
measure for each budget share equation separately, given by

1822 2 1822 - 2 2
Ri - J~ ~(Zit-Zi.) ~( E(Zit-Zi.) t 1822 6i)] (i-1,2)

t-1 t-1

where

Kw
zit - L aik xkt ;~i log yt

k-0
(i-1,2, t-1,...,1822).

Thus R~ is the explained variance in wi as a fraction of the sum of the
explained variance and the variance due to the error term. This sum is an
approximation to the unobservable total variance in wi, which would be
exact if there where only non-zero observations. This measure seems to be
the appropriate substitute for the multiple correlation coefficient in
Ordinary Least Squares estimation. The computed values are R1-0.19 and
R2-0.40 for domestic vacations and vacations abroad respectively.

The lower panel of Table 3 concerns the parameters in the threshold
equations (2.4b), where threshold values are expressed in Dfl. Because of

the large constant terms, the threshold values are positive for almost all

families. The negative estimate (though small and insignificant) for the

impact of family size on the threshold value contradicts intuition, but it

should be borne in mind that not every member of the family has to

participate in a vacation. The ownership of a car or motorbicycle makes it

cheaper to travel abroad and thus leads to a lower threshold value. The
ownership of a second home (which is usually located in the home country)

turns out to involve a significant amount of fixed costs and thus appears

to have a negative impact on the probability of a domestic vacation. This

counterintuitive result might merely indicate, however, that a second home

is mainly used for vacations shorter than four days. The other effects are

all insignificant.

The small t-values for many parameters concerning durables, both in
budget share equations and in threshold value equations, may suggest that
the ownership of some durables does not have a significant impact on
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vacation behaviour. This hypothesis (alk-a2k-ylk-y2k-0), however, is

rejected by a Wald-test with size 0.10 for all four groups of durables.3)

The correlation coefficient p differs significantly from zero, which
justifies the simultaneous treatment of domestic vacations and vacations
abroad. To test the independence assumptions between the error terms
ei (i-1,2) and bj (j-1,2), we performed a Lagrange multiplier test. The
value of the test statistics was 2.92 (critical value: X4;0.10-7'78), so
that the independence assumptions are not rejected.4)

The capability of the model to account for the simultaneity of the
decisions to go on vacation abroad and~or in The Netherlands is borne out
by the following conditional probabilities (calculated for the average
household):

P(wl)O~w2)0)-0.174 P(wl~0~w2-0)-0.379
F(w2)Ojwl)G)-0.25ti F(w2)Oiw1-0)-C.495

These figures reflect the largely negative estimated value of p. Loosely

speaking, they say that the probability of choosing one destination

decreases substantially if one decides to go on vacation in the other

destination. This is in accordance with the empirical finding that most

families choose one destination only.

In general, the estimates for parameters in the threshold equations
are less precise then those in the budget share equations. This can be
explained,by the fact that threshold values are never observed, whereas wi
is observed directly if expenditures on vacations in destination i are
positive (see also Nelson, 1977).

2.4. Simulations

To illustrate the implications of the estimation results, some

simulations are performed on the same sample of 1822 families which was

used for the estimation.
Table 4 shows the impact of a change of all family incomes by the

same factor on the sample means of participation probabilities and

(conditional and unconditional) expected expenditures on vacations.

Domestic vacations show only a slight dependency on family income. A rise

of 1X in income results in a fall of only O.1X in the domestic

participation probability, while the expected amount spent on domestic

vacations rises with 0.7X. Vacations abroad are much more sensitive to

family income. An income rise of 1X causes a rise of 1.OX of the
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participation probability and a rise of 2.1X of expected expenditures,
indicating that vacations abroad are luxury. These macro-economic
elasticities are largely in accordance with the micro-economic
elasticities for the mean household which can be derived from Figures 1
through 3. See Table 5.

Table 4. Effects of a change of all total expenditures by the same factor
factor P(wl)o) P(w2)0) E(wly~wl)o) E(w2Y~w2)0) E(w1Y) E(w2Y)
0.90 0.2978 0.3571 995-9 2153.1 305.3 903.20.99 o.295z o.3951 1078.0 2398.5 327.3 1102.9
l.oo 0.2949 0.3992 1087.0 2426.3 329.7 1126.0
1.01 0.2946 0.4032 1096.1 2454.2 332.1 1149.31.10 o.z919 0.4378 1177.3 2710.2 353.3 i366.7

Table 5. Income elasticities

macro elasticity micro elasticity
P(wl)o) -0.1 -0.1
P(w2)0) 1.0 1.0

E(w1Y) 0.7 0.7
E(w2y) 2.1 2.2

The advantage of using a micro-economic model is that not only the
impact of an overall change in income level can be measured, but also the
effect of a change in the distribution of incomes. We have investigated
the latter impact by simulating a redistribution of incomes in such a way
that the sample standard deviation of the logarithm of incomes decreases
with lOX, keeping the average income constant.5) As a result, the ratio of
the maximum and minimum income in the sample falls from 8.4 to 6.8. The
impact on domestic vacations appears to be negligible. The participation
probability and the expected expenditures rise with only 0.03x and 0.04x
respectively. The effects on vacations abroad are much larger. An
egalitarian redistribution of lOX results in an increase of the
participation rate by 1.2x, whereas expected expenditures fall by 1.5X.
The explanation is clear: Reduction of inequality allows more people to
cross the threshold, but high-income families - who already had a high

probability of participation - will spend less.
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2.5. Summary and Conclusions

In this chapter we discussed a micro-econometric model of vacation
behaviour which simultaneously explains the decision whether to go on
vacation or not, the choice of destination, and the decison on the level
of the vacation expenditures. The estimation results reveal a number of
interesting results, such as a striking difference in income elasticity
between domestic vacations and vacations abroad, and a large impact of
owning certain durables (such as a boat) on the choice of destination. To
illustrate the macro-economic potential of the model we have performed
some simulations.

The model has been estimated on the basis of a cross-section of Dutch
families. If enough longitudinal data become available the model can in
priucipal be exter,ded tc take into account the effects of time earying
explanatory variables, such as exchange rates, prices and weather
conditions.
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Appendix 2. Elasticities and Likelihood Contributions

We derive expressions for the probability of going on vacation, the
conditional expectation of the amount spent given participation and the
(unconditional) expectation of the amount spent. Define

Kw
pi- F aikxkt Silog Y

k-0

Km
qi-k~0yikzk

(z.6)

(z.7)

~i- J(óiYZfT1) (i-1.z). (z.8)

and denote the standard normal density and distribution function by q and
~, respectively. Using well known formulas for conditional expectations
for the binormal distribution (see, for example, Johnson and Kotz, 1972),
the following expressions can be derived.

P(wi~0) - ~((PiY-9i)Ifi) (2.9)

E(wiYlwiy)0) ' PíY t (olY2l~i)9~((PiY-9i)I~i)I~((PiY-9i)I~i) (2.10)

E(wiY) - P1Y ~((PlY-9i)Ifi) ' oiYZ~~i ~((PiY-9i)I~i)

From (2.9) -(2.11) it is straightforward to derive income elasti-
cities of the probability of going on vacation and the expected amount
spent on a vacation.

In deriving the contribution of each observation to the likelihood
function (L), four different cases have to be distinguished.

I. wl)0, w2)0
(implying e1-w1-P1. E2-w2-P2. blsywl-ql. é25Yw2-q2):

L-(znala2)-lexp[{-2(1-pZ)}-1{(wlapl)2} (w2op2)2 -
1 2

w -P w -P Yw -9 Yw -92p( 1 1)( 2 2)}] Bin( 1 1 2 2. ~)
ol 62 ~1 ~ T2
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II. wl)0, w2-0
(implying e1-w1-P1. S1SYw1-91, -S2tyE2~-YP2'92):

1 2 n`1-ql -YP2t42-YPzla2 -WT2L- (~ exp(-}zl) Bin( T ' 2 2 2 2}' 2 2 2 2})1 1 {T2~y a2(1-P )} {i2.y a2(1-P )}

where z1-w6-pl.
1

III. w1-0, w2)0
(implying E2-w2-p2, 525yw2-q2, -bltyel(-YP1'ql)'

1 2 ~2-q2 -YPlt91-YPz2a1 -wTlL - (~ exP(-}z2) Bin( ,~2
.{TÍ.y2ai(1-P2)}}~{ii.y2ó?(1-p2)}})

where z2-(w2-p2),62.

ZV, w1-0, w2-0
(implying -b1.yE1C-YPlt91 and -b2ryE2~-YP2'92):

2-YPltql -YP2'92 W21t2tPala2Y
L-Bin( , )

~1 ~ ~2 ~1~2

where ~i (i-1,2) i s defined in (2.8).

Here Bin(x,y,p) is the probability P(XSx and Ysy) for a random vector
(X,Y)' with

[Y] ~ N ( [OJ ~ [P 1J,

The calculation of Bin(x,y,p) was perfomed using an algorithm based upon
an approximating formula given by Abramowitz and Stegun (1970, p. 940).

The likelihood was maximized using a quasi Newton algorithm, as
provided by the NAG-Library (E04KBF), requiring analytical first order
derivatives. Standard errors were obtained from the inverse of the
approximated information matrix, which was computed with use of numerical
second order derivatives.
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Notes Chapter 2

1) Hy using after tax income minus savings (i.e. total expenditures)
rather than income, our model is consistent with a two-stage-budgeting
life cycle model. See for example Deaton and Muellbauer (1980), ch. 5.

2) An alternative formulation is to include a dummy variable on the right-
hand side of equation (2.1) which is 1 if the household chooses
destínation j(ti) and 0 otherwise. However, only under stringent
conditions such a model is coherent (see e.g. Schmidt, 1981, and
Chapter 4 of this thesis). For this reason we prefer to work with the
reduced form model as given by (2.1). In section 2.3 we discuss the
capability of this model to account for the simultaneity of the various
decisions.

3) The values of the Wald-statistic are 7.93 for a car or motorbicycle,
9.19 for a tent or trailer, 19.06 for a second home or mobile home, and
15.5~ for a boat, with corresponding critical value x2 -~.78.4;0.10

4) All correlation coefficients are identified if at least one of the
explanatory variables in the budget share equations is not included in
the threshold equations; cf. Maddala (1983, Ch. 8).

5) This was achieved by replacing all incomes yt (t-1,...,1822) by
1822 1822

yt -{exp[0.9(log yt-log Y)]I L exp[0.9(log Ys-log Y)7} F Ys~
s-1 s-1

1 1822
where log y- 1g22 s~l log ys
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3. COIiERENCY OF THE INDIRECT TRANSLOG DEMAND SYSTEM

WITH BINDING NON-NEGATIVZTY CONSTRAINTS

3.1. Introduction

During the past few years, several authors have studied the problem

of estimating systems of demand equations if a significant proportion of

the observations in the sample contains zero expenditures on one or more

goods. Wales and Woodland (1983) formulate a model based on the Kuhn-

Tucker approach, which is consistent with utility maximizing behaviour and

allows for random preferences. In case an explicit specification of the

direct utility function is available, this approach seems very natural and

intuitively appealing.

ir,e individual is ass,ime3 ta solce the prablem

Max U8(x) s.t. v'x ( 1 and x~ 0.
x - -

(3.1)

Here x is a K-dimensional vector of quantities, v is a K-dimensional

vector of normalized prices (vi-pi~M, i-1,...,K, where pi is the price of
good i and M is income), U is the direct utility function, depending on a
vector 9 of parameters. 9 may depend on observed characteristics and may
contain a random component, to allow for observed and unobserved sources

of preference variation across individuals.
Ransom (198~a) comments on the relationship between the Wales and

Woodland model and the 'simultaneous equation' Tobit model of Amemiya

(19~4) for the special case of a quadratic utility function. He also

discusses, for this special case, the issue of internal consistency, i.e.

the question whether there is a one-to-one correspondence between all

possible realizations of the random variables (except, perhaps, for those

in a set of probability zero) and all possible quantity vectors x that

could be observed (alternatively stated: do the probabilities sum to

one?). In the literature, this property is also called coherency of the

model; see e.g. Gourieroux et al. (1980). Ransom finds that internal

consistency is guaranteed if the (quadratic) direct utility function is

strictly concave on the set of feasible quantities (x; x)0}. This result

is no surprise, since, if the utility function is strictly concave, (3.1)

is an example of the problem of maximizing a strictly concave function

over a(non-empty) compact convex set and, according to standard theory,

this problem has one and only one solution.l)
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Lee and Pitt (i986) propose to use duality theory and shadow prices
in the Wales and Woodland model in order to be able to deal with more
flexiblé ~demand systems for which no explicit specification of the direct
utility function can be derived. In particular, they focus on the indirect
translog system introduced by Christensen et al. (19~5). Lee and Pitt do
not address the issues of coherency of their econometric model or
regularity of the direct or indirect utility function (i.e. the
requirements which are necessary for applying the duality results).

In this chapter, we first briefly describe the Lee and Pitt model.
T'hen we demonstrate by means of a simple example in the three goods case,
that coherency can be severely violated for certain values of the
parameters of the indirect translog specification which do not guarantee
quasi-concavity of the direct utility function in a large enough region.
Moreover, we derive sufficient conditions for coherency and regularity in
terms of the parameters of the model. Finally, we argue that the
sufficient conditíons which we derive are also 'almost necessary' for
regularity.

3.2. The Framework

We start from the indirect utility function

K K K
V(P.M)' F ai logÍPiIM) t Z F F Hijlog'(Pi~M) log(Pj~M).

i-1 i-1 j-1

where p-(p1,...,pK)' is a vector of prices;
M denotes income,
a-(a1,...,aK)' is a parameter vector which is normalized such that
a1....~aK--1 (a may include a random component, as in Lee and Pitt,

1986),

B-(~i )i, 1 is a matrix of parameters. Without loss of generality,j j-
we assume that B is symmetric.

IntroduCing a vector vERK of normalized prices, i.e. vi-pi~M (i-1,...,K),
the indirect utility function can be written as

K 1 K K
V(v)- ~ ai log vi ; 2 ~ ~~ijlog vi log vj.

i-1 i-1 j-1

Note that
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K K
~V~~M - {1 - ~ ~ ~ijlog vi}~M.

i-1 j-1

Since the indirect utility function must be increasing as a function of M,
a necessary condition for the use of this specification in the

neighbourhood of a given vector v is:

D"(v) ) 0 (3.2)

where
K K

D"(v) - 1 - ~ F ~.jlog v..i ii-1 j-1

Application of Roy's identity yields the notional (uncompensated) demand
equations:

si(v) - zi(v)~D"(v),

where
K

zi(v) - -ai- F ~ijlog vi (i-1,...,K)
j-1

Here s"(v) is the vector of optimal budget shares, some of which may be
negative. We write z"(v)-(zi(v),...,zK(v))'.

3.j. Rationing

In what follows, we consider a fixed normalized price vector v and we

derive the optimal shares si that satisfy si)0 (i-1,...,K). With

s-(s1,...,sK)' this is written as: s)0.
Using the Kuhn-T~cker conditions, as in Lee and Pitt (1986) (and thus

implicitly assuming that the indirect utility function 'behaves well in

some large enough region'), the utility maximization problem can be

written as:

Find a vector n-(n1,...,nK)' of normalized shadow prices and a vector
s-(s1,...,sK)' of (optimal) shares such that:

K K K
si- {zi. ~~ij(log vj-log rtj)}~{D". ~ ~ Sij(log vj-log nj)}

j-1 i-1 j-1
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(i-1, . ,K),

s ) 0,

n C v, and
s'(v-n) - 0.

With y~-1og v~-log R~ (J'1,....K), Y-(Y1.....YK)'. and e'(1.....1)'ERK.
this can be written as:

Find a vector y satisfying:

y ) 0,
(z~4By)~(D~4y'Be) ) 0, and

Y'(zNtBY) - ~

The corresponding shares are then given by s-{z~tBy}~{D`~y'Be}.

(3.3)

The problem of coherency (or internal consistency) in the model given

by (3.3) is illustrated by the following two examples with three

commodities.

Example 1

1 2 0
Let B- 2 4 0 and v-(1,1,1)'.

0 0 1

Figure 1 depicts the number of solutions of (3.3), for each normalized

vector oc-(al,a2,-1-al-aZ)'. Each solution is characterized by some regime,

i.e. a subset of {1,2,3} indicating which constraints are binding. For

example, regime {2} yields the system

Y1 - ~:
Y3 - o~
(-aZt4YZ)~(1t6Y2) - ~:
y2 ) 0;
(al'2YZ)~(1.6y2) ) 0;

-a3~(1.6y2) ) 0.
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And this system yields a solution if and only if a3C0, a2)0, and a2)2a1.

Figure 1 indicates for each vector a those regimes which yield a solution.

For a with al)0 and a2(2a1, no solution is found, and for other a's

(except for some set of Lebesgue measure zero), there are two solutions.

For none of the a's there is exactly one solution, so coherency is

severely violated.

a2--2a1 a2-2a1

{1} and {2} ~ ~ no solutions

a2

2 sol.:
{1,2}

and
2 soïutions: `{2}

al

2 solutions:
{1,3},{3}

Figure 1. Example 1: an incoherent demand system. The number of solutions
and the corresponding regimes for each (al,a2,-1-a1-a2)'

Example 2

- ~ 2 1 0 1
Let B 1 2 0 J and v-(1,1,1)'.

0 0 1
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The regions in a-space for which solutions for the different regimes exist
are given in Figure 2. In this case the model is coherent since system
(3.3) Yields exactly one solution for each a.

a2 a2-2a1

Figure 2. Example 2: a coherent demand system. The number of solutions
and the corresponding regimes for each (al,a2,-1-a1-a2)'

The following proposition gives sufficient conditions for coherency
of the model. It is easily proved using the notation introduced to
describe system (3.3).

Proposition 1:
Assume (A1) B is positive definite,

(A2 ) D~` ) 0 , and
(A3) Be ~ 0.

Then the problem given by (3.3) has one and only one solution for all

vectors aEK .
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Proof:
Dw)0 and Be)0 imply that D~`~y'Be)0 for all vectors y)0. This implies that
(3.3) can be written as:

Find a vector y satisfying

y) 0,
-ZMtBy ) O, and

Y'(z~'BY) - 0.

(3.4)

This problem is known in the literature as the linear complementarity
problem. See, e.g., Amemiya (19~4) or Eaves (1971). It has one and only
one solution if all principal minors of B are positive. Since B is
symmetric, this means that B must be positive definite.

Assumptions (A2) and (A3) are necessary in order to guarantee that

D~`(n) - D~ t y'Be ) 0,

for all vectors of shadow prices rt corresponding to all feasible vectors
of shares s)0. As stated in (3.2), D~(n))0 is necessary for one of the
regularity conditions which the indirect utility function should satisfy.
Therefore, assumptions (A2) and (A3) seem quite reasonable. In the next
section, it is shown that assumption (A1) arises in a similar way, if we
consider the regularity condition that the corresponding cost function
must be concave.

3.4. Concavity in the feasible region of the shares space

The cost function is only well-behaving in the neighbourhood of a
vector rt of shadow prices corresponding to a given vector s of shares, if
the Slutsky matrix of second order partial derivatives of the expenditure
function with respect to prices is negative semi-definite. This condition
is equivalent to the requirement that the matrix of Allen-Uzawa
elasticities of substitution be negative semi-definite. In case of the
indirect translog system this means that the matrix

C(s) --n(s) t ss'- (D' . y'Be)-1{B - s(Be)'- Bes't e'Bess'}
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must be negative semi-definite ( see, e.g., Barnett et al., 1985). Here
0(s) denotes the diagonal matrix with si (i-1,...,K) on the diagonal and y
corresponds to s, i.e. yf- log vf - log n~, where rt-(n1,...,rtK)' is the
vector of shadow prices corresponding to the vector s of shares.

Proposition 2:
Assume (A1) B is positive definite

(A2) D' ) 0
(A3) ee ) 0

Then concavity holds for the optimal vector of shares, i.e. the vector s)0
corresponding to the solution of (3-3).

Proof: The proof is an immediate consequence of the following two lemmas.

Lemma 1: If s) 0 and slt...tsk-1 then e(s)-ss' is positive semi-definite.

Lemma 2: If B is positive definite then B-s(Be)'-Bes'te'Bess' is positive
semi-definite for all s.

Proof of Lemma 1:2)

Without loss of generality we may assume si)0 (i-1,..,K). Let
F(x)-x'{n(s)-ss'}x.

We must prove that F(x))0 for all vectors xERK. Using standard Lagrange
technique, it is easy to show that on the ellipsoid

K
{x-(x1,...,xK)';J~ls~x~-1}

the minimum value attained by F is 0 (and the maximum is 1). Since
F(ax)-~2F(x) for all real a, this implies that F(x))0 for all xERK.

Proof of Lemma 2:
Let x be any K-dimensional non-zero vector. Then

x'(B-s(Be)'- Bes't e'Bess')x - x'Bx - 2(x's)(x'Be) .(x's)Ze'Be.

This is a quadratic function of x's, with discriminant
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D - 4{(x'Be)2-(x'Bx)(e'Be)}.

If 8 is positive definite, then D(0 (Cauchy-Schwarz), so the function does
not change sign and, since x'Bx)0, all its values are nonnegative.

3.5. Conclusion

Proposition 1 can intuitively be seen as a consequence of Proposition

2: Concavity of the cost function corresponds to concavity of the direct

utility function on the feasible region S-{s; s)0 and s'e~l}. Since S is

non-empty, compact and convex, the strictly quasi-concave direct utility

function attains a unique maximum on S.
T'i,e wain p,otlem laft seems tv ba t:.e quastior, whether the

assumptions (A1), (A2) and (A3) in Propositions 1 and 2 are necessary. If
they are. not, imposition of them might destroy the second order
flexibility of the indirect translog specification. It is easy to see,
that concavity at all vertices (0,..,0,1,0,..,0)' of the feasible region S
implies, together with assumptions (A2) and (A3), that all principal (K-
1)x(K-1) submatrices of B must be positive definite. This means that, if
observations in the neighbourhood of all these vertices exist, the
assumptions do not seem too strong. But what can be left out if, for
instance, there is one commodity with a positive share for everyone, as
often happens in practice?

Finally, note that assumptions (A1), (A2) and (A3) do not say
anything about a. Hence, if the assumptions are met, then the ai's may
vary randomly and no truncation of their distribution is necessary in
order to assure that probabilities add up to 1. Random variation of the
a.'s implies that all feasible vectors of shares could be optimal, andi
thus makes the assumptions (A1), (A2), and (A3) 'almost necessary'.
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Notes Chapter 3

1) See, e.g., Intriligator (19~1).

2) A more general version of this lemma is proved in Bekker (1986, p.69).
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4. C.OHERENCY AND REGULARITY OF DEMAND SYSTIIMS

WITH EQUALITY AND INEQUALITY CONSTRAINTS

4.1. Introduction

Empirical researchers in the field of demand theory are becoming
increasingly aware of the tight structure that may be imposed on their
models by neoclassical theory. In the somewhat older literature on demand
systems a typical approach would be to choose a particular representation
of preferences and derive the corresponding demand functions. After
tacking on an error term, the system would next be estimated. In the
estimation, restrictions from neoclassical theory might or might not be
imposed. In either case authors often have tested the various Slutsky
cen3itions for their particular empirical sper.ification, with mixed
results (see, e.g., Barten, 1977). As noted by McElroy (1987) the
attention for consistency with neoclassical theory has mostly been limited
to the systematic part of the demand equations, with a rather cavalier
treatment of the error structure. Her own work is a notable exception in
this respect.

Whether or not authors would severely test neoclassical restrictions
for their data set, it seems fair to say that in a standard demand system
the empirical specification is rather loosely connected with the
underlying theory. If the estimation results turn out to be inconsistent
with a utility maximization hypothesis, the empirical model can still be
regarded as an adequate description of reality.

This is no longer true in more complicated situations where the

theory is used more intensively. In models dealing with rationing, corner

solutions, non-linear budget constraints, or endogenously switching

regimes, utility theory plays a more crucial role than in traditional

demand systems. If in these models regularity conditions are violated they

will in general not be coherent, in the sense that the endogenous variable

is not determined unambiguously by the model, i.e., the reduced form is

not well-defined. See e.g. Heckman (19~8), who refers to coherency as 'the

principal assumption'.
The first goal of this chapter is to illustrate the type of coherency

problems that may be encountered in non-standard neoclassical models by
means of an example (section 4.2). In the literature, coherency of some
specific models has been analysed before. For example, Ransom (1987a) has
noted that the demand system based on the quadratic utility function with
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non-negativity constraints introduced by Wales and Woodland (1983) is
coherent if the parameters satisfy certain regularity conditions, which
are closely connected to global concavity of the corresponding expendíture
function (i.e., 'negativity'). Similarly, Hausman (1985) and MaCurdy et
al. (1988) note the importance of negativity for coherency in individual
labour supply models with kinked budget constraints. In Chapter 3, we have
noted that the approach of Lee and Pitt (i986) to the indirect translog
demand system with non-negativity constraints via the use of shadow prices
may lead to incoherent models unless conditions are imposed on the
parameters. These conditions appear to be closely related to concavity of
the expenditure function. In the context of simultaneous linear equation
models with endogenously switching regimes, coherency has been analysed by
Gourieroux et al. (1980). In the models they consider, coherency
conditions have the form of restrictions on parameters only. In the models
that we consider, conditions generally not only depend on fixed
parameters, but also on the possible values of the exogenous variables and
of the error terms, in particular those representing random preferences.

In empirical applications researchers often ignore coherency
conditions in estimating their model and check afterwards (per

observation) whether coherency or regularity conditions are satisfied. The
second goal of this paper is to point out that this practice is
inappropriate, in the sense that it may lead to inconsistent estimators,
at least if maximum likelihood is used. Let 0 be the space of parameters
which generate coherent models and let O` J 0 be an extension of the
parameter space, including parameters which do not yield a coherent model.

In section 4.3, we present an example of a bivariate Probit model, for
which the likelihood function (which is defined on O only) can be written

as a product of cumulative normal probabilities. The same formula can be
used to define a natural extension of the likelihood function to O`. If

coherency is ignored, this extension will be maximized on 0`. We show that
this yields an inconsistent estimator with probability limit outside O,

even though the true parameter vector belongs to 0. T'he intuitive
explanation is that the sum of 'probabilities' of events which are

mutually exclusive if the model is coherent, may exceed one for parameter

values outside 0.

Given the fact that without imposing coherency ML estimation is
inappropriate, the first problem in empirical work is to formulate
necessary and sufficient conditions for coherency in a particular model.
In a well-defined neoclassical model, imposition of all the regularity
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conditions from demand theory is sufficient for coherency. The vast
majority of the specifications of preference structures considered in the
literature only satisfy regularity conditions locally, i.e. in some subset
of quantity or price space. For most flexible systems, the relationship
between the parameter values and this subset is far from obvious. See,
e.g., Barnett and Lee (1985) and Barnett (1983). For other systems, such
as the generalized McFadden cost function proposed by Diewert and Wales
(1987), explicit expressions of demand functions or conditional demand
functions (necessary in case of binding constraints) cannot be obtained.

We will focus on how to impose the regularity conditions in some

'large enough' region of quantity or price space. We discuss this first

for the case of a standard demand system, an inverse demand system, and a

conditional demand system (section 4.4). The regularity conditions imply

t.hat the set nf feasible (fixed and random) parameters cannot be too

large. On the other hand, an extra condition is introduced which implies

that the parameter space must be large enough, since the model must be

able to explain certain features of the data. This is particularly

relevant if ineasurement or optimization errors are excluded. In section

4.5 we show how the conditions can be imposed for some frequently used

specifications of preferences.

In general, regularity conditions for the models in section 4.4 are

necessary to guarantee the micro-economic foundation of the model.

Coherency however is hardly a problem. The only issue is whether the

domain of the demand functions is large enough. This is different in the

models in section 4.6, which are characterized by endogenously switching

regimes. Due to non-linearities, the coherency conditions of Gourieroux et

al. (1980) do not apply. We propose to impose regularity conditions quite

similar to those introduced in section 4.4, which are sufficient for

coherency. Again, we illustrate this procedure with some examples. Some

concluding remarks are mentioned in section 4.~.

4.2. Concavity and Coherency in a Model with Kinked Budget Constraints

Figure 1 illustrates the simplest possible case of a standard model
of individual labour supply in the presence of kinked budget constraints,
as developed by Hausman in numerous papers (see, e.g., Hausman, 1981a,
1985). Given the budget constraint, the individual chooses the number of
hours which maximizes utility (h~ in the figure).

The individual is thus assumed to solve the problem
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Max U(h,c) s.t. h)0, c(wlh4y1, c~w2h~y2, and hCT. (4.1)
h,c - - - -

Here h is the number of hours worked per period and c is total consumption
or income. A specification of the direct utility function U(h,c) often
used in this kind of work is (see e.g. Hausman, 1981a, Blomquist, 1983.
and Chapter 6 in this thesis)

U(h,c) - (bh-p)exp{b(h-y-bc)~(p-Sh)}, (4.2)

Note that U is an increasing function of c if 5~0. Along each linear
segment of the budget curve, this utility function implies linear labour
supply functions given by

hi - Rwi' Syit ë (i-1,2). (4.3)

where wi is (minus) the slope of the i-th segment, yi is the intercept of
the i-th segment with the line h-0, and h. is the desired number of hoursi
if the wage rate is wi and non-labour income is yi.

income
(c)

c0

T h` h0
E labour supply

0

Figure 1. Individual labour supply and a kinked budget constraint

It is straightforward to show that the direct utility function given by
(4.2) is strictly quasi-concave at (h,c) if and only if

p - bh ~ o. (4.4)
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If the direct util3ty function is strictly quasi-concave on the whole
budget set, then Lagrange theory can be applied and the optimum h` can
easily be found with (4.3). There are five possibilities:

A. hl C 0 h` - 0

B. 0( hl C h0 h~ - hl
C. h2C h0 ( hl hr - h0
D. hOl h2 C T h` - h2

E. T C h2 h` - T.

(4.5)

To allow for unobserved preference variation, we assume that b is a
random variable defined on the real line. Hausman (1981a) and Blomquist
(1983) assume that b is negative with probability one. For p)0 this
guarantees quasi-concavity of L' at all points cf the budget set. ln this
example we show what can happen if concavity is neglected and b is allowed
to be positive, but nevertheless (4.5) is applied. Let us assume that the
probability distribution of b is absolute continuous with support R.1)
The following prob~bilities can be assigned to the five cases in (4.5):

Pr[A] - Pr[b((-pwl-ë)IY1]
PrCB] - PrL(-swl-á)IYlCbC(-~wl-á t ho)IY1]
PrCo] - PrC(-swl-x 4 ho)IY1Cb~(-Aw2-~r ; ho)IY2]
PrCD] - PrCÍ-HwZ-é t ho)IYZ~bC(-swZ-7 ; T)IYZ]

PrLE] - PrC(-Rw2-X 4 T)IYZ~b]

Let the parameter values be p-20 and y-0, and let the budget
constraint be characterized by w1-1, w2-1I2, y1-1, y2-11, T-40, so h0-20
and c0-21. Then we can identify the five cases with segments of the b-axis
as follows.

A B C D E
)~C )~( )I( )~(

-------------~-------------------I-------I---------~----------------
-zo o lolll 3oI11 b

Thus, given the probability distribution of b, the calculation of the
probabilities is straightforward.
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Now consider a second set of parameter values, p-10 and y-0, with the
same budget constraint as in the example above. The corresponding segments
of the b-axis are as follows.

B
A ~( )~

~~ ~ ~ ~ ~ E
~ ~( ~I(

------I---------------I--------I----------------I----------------------
-10 15~11 35~11 10

(and C - ~)
b

Clearly, in this case the model is not coherent: It is not possible to
solve hw from (4.5) (as a function of b). There is no reduced form
corresponding to (4.5), so (4.5) is not a well-defined model.

Note that (4.1) has a unique solution with probability one,
irrespective of whether (4.4) is satisfied or not. The root of the trouble
is that (4.4) is not satisfied on the whole budget set; thus (4.5) may not
be equivalent to (4.1) and may not have a unique solution.

It is easy to show that coherency of (4.5) is equivalent to

(ho- Pwl- x)~Y1~ ( ho- Hw2- a~)1y2. (4.6)

This condition appears to be equivalent to quasi-concavity of U at (h0,c0)

for that value of b for which (h0,c0) is the optimum, along both line
segments. This can be shown straightforwardly as follows:

Assume that yl and yZ are both positive and use the relation
y14hOw1-y2`hOw2-c0. Then (4.6) can be simplified to

Py2~ (h0- Aw2- Y)h0- (4.7)

If, being on segment 2, the individual chooses h0, this implies
b-(h0-pw2-~)~y2. Inserting this in (4.7) yields p)bh0, which is the
concavity condition at (h0,c0) (with b such that (h0,c0) is the optimum in
case of the linear budget constraint characterized by w2 and y2). In the
same way it is shown that (4.6) is equivalent to s)ShO, with b such that
(h0,c0) is the optimal point along segment 1.

In conclusion, concavity at the kink point for a specific value of b

is necessary and sufficient to avoid problems of incoherency. It is easy
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to verify that concavity is satisfied at the kink point for the first set
of parameter values but not for the second.

The model given by (4.1) is s simple example of a model with
endogenous regimes due to a set of inequality constraints. The general
framework is discussed in section 4.5. One of the goals of this chapter is
to discuss methods of avoiding coherency problems as encountered above. In
this specific example there are two apparent ways to do this.

The first option is to restrict the range of possible realizations of
the random variable b and the value of the fixed parameter S. If b is
negative with probability one and p is non-negative, the problems do not
arise, since in this case (4.4) is satisfied for all non-negative h.

Another possibility, which avoids truncation of the distribution of
b, is to impose (4.7) for sll 'relevant' values of h~ and c0. Notice that
(4.7) can be rewritten as

i~cD ~ (h0- á)h0 (4.7')

Thus, if the fixed parameters S and y are restricted such that (4.7')
holds for all relevant (hQ,c~) (e.g. all (h~,c~) in the sample), coherency
is guaranteed. In a sense, the latter method is less restrictive than the
first one, since it does not necessarily imply quasi-concavity of the
direct utility function at all points of the budget set, not even at the
optimum.2)

To conclude this section, a number of observations can be made. First
of all, note that if the usual conditions for utility maximization (convex
budget sets, convex preferences) hold, then endogenous variables are
uniquely determined. This follows from standard Lagrange theory. Thus,
'regularity' implies coherency. Secondly, the reverse does not hold. An
example is given in Figure 2. The unique point of tangency with the budget
line satisfies first order conditions for utility maximization, but
obviously does not represent a utility maximum. The econometric model,
obtained by solving first order conditions, is coherent, but the micro-
economic foundation of this model is lost.

In the third place, almost any specification used in practice will
satisfy regularity conditions for utility maximization only locally. The
main reason for this is the quest for flexible forms. Usually, flexibility
is only possible if global concavity properties are sacrificed (e.g.
Diewert and Wales, 1987). In itself this is reasonable, as generally
economic models only aim to describe behaviour of agents for a certain
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range of exogenous variables. See for instance Figure 3, where the

indifference curves are convex in a certain part of quantity space, but

not everywhere. As long as attention is restricted to this 'regular area',

no problems arise. Alternatively, and this is the approach in this

chapter, preference parameters can be restricted in such a way that

indifference curves are convex in a given area of interest.

Figure 2. Coherency without regularity

Figure 3. L.ocal regularity of preferences
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4.3. Incoherency and NII.-estimation

Although the requirement that a model should be coherent may appear
self-evident, one may still ask whether imposition of coherency conditions

is strictly necessary. After all, given that the true data generating
process is coherent, one might hope that parameter estimates automatically
converge to values which satisfy coherency conditions. Also, one may ask
whether it is possible to test coherency conditions imposed on parameters.
This section addresses these issues by means of yet another example.

We consider the following simultaneous Probit-model ( see e.g.
Schmidt, 1981).

.Y1 - Rlx 4 yly2 4 E1

NY2 - P2x ` y2Y1 } E2

y. - 1 if yN ~ 0 and y. - 0 if y` ( 0 (i-1,2)i i i i -

(4.8)

Here x denotes an (observable) exogenous variable, yi and y2 are latent
endogenous variables, yl and y2 are observed endogenous variables and E1
and e2 are random variables following a bivariate normal distribution:

lE 2J ~ N( l~J ' l~ OJ )

The vector of parameters to be estimated is 8-(p1,S2,yl,y2)EO'-R4.
It is straightforward to derive the probabilities of the four

different outcomes which are possible:

PrCY1-~. Y2-0] - ~(-Plx) ~(-R2x),
Pr[y1-o. Y2-1] - ~(-Hlx-xl) ~(s2x).
Pr[y1-1. Y2-o] - ~(Alx) ~(-R2x-á2). and
PrCY1-1. Y2-1] - ~(Alx4ó1) ~(P2x'ó2).

(4.9)

where ~ denotes the standard normal cumulative density function.
If the model is not coherent, then the four probabilities in (4.9) do

not sum to one. In general, their sum equals

1 4 C~(A1xtD'1) - ~(Plx)] C~(P2xtë2) - ~(P2x)] (4.io)
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so that a condition for coherency is that y1y2-0. This renders the model
recursive ( cf. Schmidt, 1981). The condition given here is a special case
of the coherency conditions given by Gourieroux et al. ( 1980).

Let 0-{(pl'~2'yl'~2)'~1~2-0}. If the model is coherent, i.e. 8E0,
then (4.9) implies that the log-likelihood function of a random sample
(yl'xl)'" " (yN'xN) can be written as

L(8) -~ logC~(-Rlxt)~(-P2xt)] t F log[~(-Plxt-à'1)~(A2xt)] '
tEI00 tEI01

t F logC~(fllxt)~(-R2xt-x2)] t F logC~(Plxttà'1)~(S2xt'ë2)].
tEI10 tEIll

(4.11)

Here t denotes the observation and Iij-{t; ylt-i and y2t-j}. If 8~0, the
expressions in (4.9) can still be computed, although their interpretation
is not clear. Thus, (4.11) can also be computed for 8EON`0. This defines
a natural extension of the likelihood function from O to Ow.

Let us now assume that the true parameters of the data generating
process are

P1-1. ó1--1. p2-0. and Y2-0 (4.12)

Note that y2-0 implies that the true model is coherent. Furthermore, we
assume that the exogenous variable x is a dummy variable with value 1 for
half of the observations and value 0 for the other half. Inserting the
true parameter values in (4.9) yields (subscript t is omitted)

PrCY1-0.Y2-0~x-o]-o.z5o; PrCY1-0,Y2-0~x-1]-0.079.
PrCY1-0.Y2-1Ix-0]-0.421; Pr[y1-0.Y2-1~x'1]-0.250,
PrCY1-1,Y2-0~x-0]-0.250; Pr[y1-1.Y2-0Ix-1]-0.421,
PrLY1-1,Y2-1~x-0]-0.079; PrLY1-1,Y2-1~x-1]-0.250.

(4.13)

For a random sample of 2T observations, T with x-0 and T with x-1, let
K(i,j,k) be the number of observations with
(i,j,kE{0,1}). Note that

Y1-1. Y2'J. and x-k

plim {K(i,j,k)~T} - Pr[y1-i,y2-j~x-k] (i,j,k E {0,1}).
T-~
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If the model is not coherent, the likelihood function is not defined.

Thus, strictly speaking, maximum likelihood estimation requires a priori

imposition of coherency conditions. Still, there are many examples,

including the example at hand, in which the likelihood function has a

natural extension to the set of parameters for which the model is not

coherent. In this example, the extension is given by (4.11). The

researcher who does not impose coherency a priori will consider (4.11) as

the likelihood function for all 8E0~ and estimate the parameters by

maximizing (4.11) over Ow. Our purpose is to show that the resulting

estimator for the parameter p2 is inconsistent.

The extended log-likelihood (4.11) can be rewritten as

L(sl.sZ.~l.x2) - L1(Al,xl) ; L2(s2,~2).

where
1 1

L1(Pl.ól) -~ K(O,j.k) log ~(-Rlk-álj) '~ K(l,j.k) log ~(R1ktJij)
j.k-0 j.k-0

and
1 1

L2(HZ,y2) -~ K(i,0,k) log ~(-A2k-ë2i) i~ K(i,l,k) log ~(pZkfy2i).
i,k-0 i,k-0

Maximization of L is thus achieved by maximizing L1(with respect to pland
yl) and L2 ( with respect to ~Zand yZ) separately. This means that the two
simultaneous Probit-equations are treated as if they were separate Probit-
equations, i.e. maximizing L over 0~ yields a consistent estimator if y2
is exogenous in the first equation and yi is exogenous in the second
equation. Since the true value of yz is 0, y2 is independent from E1 and
there is nothing wrong in estimating the parameters of the first equation
in this way, i. e. the estimators for gl and yl are consistent. The
estimators for p2 and y2 however are inconsistent, as can be shown by a
straightforward computation of their probability limits: In the limiting
case (T~), the sample fractions K(i,j,k)~T equal the probabilities given
by (4.15) end we can write

plim{L2(~2 ,~Z)~T}-0.250 1og ~(o) . 0.079 log ~(-s2) i 0.250 log ~(-y2) t
T-~

o.4z1 log ~(-g2-~z) ; 0.421 log ~(o) . 0.250 log ~(p2) .

0.079 log ~(y2) i 0.250 log ~(g~t~2).
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Since L2 has the form of the log-likelihood of a Probit model, it is
globally concave. Its unique maximum can easily be found numerically. In
the limiting case (T~), it is attaíned for s2-o.5726 and y2--0.8405. Thus
we have

plim gz-0.5726~0-52 ana plim ,y2--0.8405~0-~Z.
T~ T~

Finally, note that if the restriction y2-0 is imposed (such that
coherency is guaranteed), then the estimate for S2 is consistent:
L2(~2,0) is maximized for

p2- -~-1({K(0,0,1)tK(1,0,1)}~{K(0,0,1)fK(0,1,1)tK(1,0,1).K(1,1,1)})

so plim p2 --~-1(0.5) - 0- P2.
T~

The example shows that 'Maximum Likelihood' estimation is not
appropriate if coherency is not guaranteed for all values in the parameter

space on which the likelihood function is to be maximized. Even if the
model is coherent for the true parameter values, the ML-technique may

yield inconsistent estimators and can lead to the conclusion that the
model is not coherent: For a large enough sample, the null hypothesis

y1;f2-0 would be rejected using standard methods of statistical inference.
Moreover, the example shows that even the estimates of parameters which

have no direct relation to the coherency condition (~2 in the example) can
be inconsistent. It thus makes clear that coherency is a condttto sine qua

non for the use of Maximum Likelihood.
One can argue that the example of the bivariate probit model is not

appropriate, since in this example coherency is well-known to be an issue
and coherency conditions are easy to impose. Thus the fear that the
empirical researcher will fail to impose coherency conditions might be
unjustified for this specific example. In many, more complicated, models
however, it is much less clear that coherency might be a problem and it is
also less clear how coherency conditions should be imposed. In such cases
the researcher will be tempted to start with the estimation without paying
attention to coherency. The example above demonstrates that such an
approach may lead to an inconsistent estimator and incorrect procedures of
statistical inference.
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4.4. Demand Systems with Fixed Regimes

In this section we describe a general framework for the estimation of

a standard demand system, an inverse demand system, and a conditional

demand system. We impose consistency with utility maximizing behaviour and

conditions which guarantee that the dual approach is appropriate, i.e.

Shephard's Lemma and Roy's Identity can be applied in order to derive the

standard demand functions, starting from the expenditure function or the

indirect utility function, respectively. We first introduce some notation

and standard regularity conditions. Next we consider restrictions on the

parameter space that may be imposed in estimation to ensure that the

estimated system satisfies the regularity conditions. Finally, another

condition, called 'external coherency', is introduced, which states that

the moàel musi be abie io expiain enougi, features of Lhe data.

Regularity conditions

We assume that each individual maximizes some direct utility function
subject to a linear budget constraint. Topics such as rationing, non-
negativity constraints, and kinked budget constraints are discussed below.
We start from an indirect utility function vg given by

u - ~B(P.Y) ((p,y) E VgC RnxR),

where p-(pl,...,pn)' is a vector of prices of n commodities,
y denotes income (or total expenditures on the n commodities),
u is the utility level, and
8 E 0 C Rm is a vector of (fixed or random) parameters.

Standard regularity conditions for given 8 E O are (see, e.g., Barten and
EBhm, 1982):

A1. vg is homogeneous of degree 0:
for all (p,y) E Vg and ~ E R}, (ap,ay) E Vg and v9(~p,ay)-v8(p,y).

A2. vg is twice continuously dífferentiable with respect to prices and
income and for all (p,y) E V8, (~vg~~y)(p,y))0.

Assumption A2 implies that v8 is strictly increasing in y and allows for

the introduction of the expenditure or cost function e8 on the set
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Ég- {(p,v8(p,y)); (p,y) E Vg}, eg is implicitly defined by

~g(P.eB(P.u)) - u ((P.u) E É8).

The dusl approach is only consistent with utility maximizing behaviour if
'strict' concavity is guaranteed. More precisely: eg is said to be regular
at given (p,u) E É8 if the nxn matrix (~2eg~~p~p')(p,u) is negative semi-
definite and of rank n-1. vg is said to be regular at (p,y) E Vg if eg is
regular at (p,vg(p,y)). With these definitions the third regularity
condition can be formulated:

A3. v9 is regular at all (p,y) E Vs.

In what follows we work with a convex subset V8 of Vg, and we assume
that A1-A3 are satisfied on V8. Vg is referred to as the regular set in
(p,y)-space. Marshallian (uncompensated) demand functions are denoted by

9 - Fg(P.Y) ((P.Y) E V8).

where q-(ql,...,qn)' is a vector of (not necessarily non-negative)
quantities and the components of the vector-valued function FR, defined on
V8, are, according to Roy's identity, given by

Fg i(P.Y) - -(wg~~Pi)(P.Y) I (wg~~Y)(P.Y)

The regular set in q-space, Qg C Rn, is defined as

Q8 - {FR(P,Y); (P.Y) E Vg}.

(i-1,...,n).

The assumptions A1-A3 together with the convexity of Vs imply that Fg is
homogeneous of degree zero and one-to-one from {(p,l)EVg} onto Qs (see
Gale and Nikaido, 1965).

Parameterization and restrictions in the parameter space

Preference variation across individuals (or households) can be
incorporated in the parameter vector 8. For each individual t, we write

gt ' gt(W.nt).
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Here W is s vector (or matrix) of fixed parameters (with the same value

for all individuals) chosen from some set Y', and the vectors ~,t are

independent drawings from some probability distribution which does not

depend on t. The (vector-valued) function gt may depend on t, e.g. through

a vector xt of observed individual characteristics. The most common

example is 8t-gt(W.nt)-wxttnt' where W is a matrix of appropriate size.

Thus, systematic preference variation is allowed for if gt depends on t,

whereas the presence of the nt's implies random variation of preferences.

In estimating the system of demand equations, the following
conditions may be imposed on the set Y' of possible values of w and~or on

the support 4 of the distribution of the nt's (i.e., loosely speaking, the
set of all possible realizations of the ~,t's). The conditions are imposed

to guarantee regularity of preferences in all relevant points of price
And!or quantity sparP, Here 'relevant points' include observed points, but

may also include e.g. points for which model simulations are performed.
Which condition is appropriate depends on the type of model to be
estimated. In each case, the conditions are sufficient but in general not
necessary for coherency.

Condition B1 is appropriate in case the model to be estimated is a
standard demand system, i.e. Marshallian demand functions are estimated
and the linear budget constraint is the only binding constraint in the
model.

B1. (Regularity in a minimal subset of (p,y)-space)
For all t, for all y E Y', and for all ~ E 4: Vg (w ~) J Vmin't

This condition states that for all parameter values (and thus for all

possible individual preference structures) the model must be able to

explain behaviour for at least some minimal subset, Vmin' of (p,y)-space.

This subset must contain all observed (p,y)'s in the sample, in order to

guarantee that the demand system is defined and regular at each data-

point.3) If the model is used for simulations with values of (p,y)

outside the range of (p,y)'s in the sample, Vmin must contain these extra

(p,y) values also. B1 implies that the parameter space O cannot be too

large; otherwise there might be values of y or nt such that at some points

of Vmin conditions A1-A3 are not satisfied. Vmin can e.g. be

rectangular:Vmin- {(p,y)ERnxR; (p,y)((p,y)~(p,y)}, for given values

p.y.P.Y.
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Condition B1 is illustrated in Figure 4. Here a chosen set Vmin in
(p,y)-space and (for some given y and t) the regular area's Vgt(y n) are

given for two different values nl and n2 of n. If preferences are
characterized by nl, behaviour cannot be explained if, e.g.,

(p'y)-(p0'y0)~min' Therefore ~1 is excluded, i.e. nlfC 4. For n-n2, the
model can explain behaviour for all (P.Y)~min' so ~,Z may be allowed. Thus
for given y and t condition B1 implies a restriction on 4. Together these
restrictions imply that 4 and O cannot be too large.

Figure 4. Condition B1 in (p,y)-space

Condition B2 is the counterpart of B1 in quantity space. It can for
be used, for example, in case an inverse demand system, i.e. inverse
Marshallian demand functions, is to be estimated. See, e.g., Anderson
(1980), for some theoretical properties, and Barten end Bettendorf (1989)
for an empirical application. In empirical practice, there are not many
situations in which estimation of an inverse demand is relevant. Condition
B2 however also appears to be important in the case of endogenously
switching regimes due to inequality constraints. See section 4.6. The
condition states that, for given (fixed and random) parameter values,
certain quantity vectors must be optimal for some prices and income. As
with B1 this implies that the parameter space cennot be too large.

B2. (Regularity in a minimal subset of q-space)
For all t, for all y E Y', and for all ~, E 4: Q J Q .gt(y,n) min
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Condition B2 is illustrated in Figure 5. For given paremeter values

gt(y,q), the quantity space consists of three parts: The area where the

direct utility function is not defined (because shadow prices do not

exist) (ON). the area where indifference curves exist but are not convex

(QI) end the regular area Qgt(w n). The condition states that parameters

have to be restricted such that Qmin is contained in Qgt(y n).

Figure 5. Condition B2 in q-space

Conditions B1 and B2 are similar in the sense that they both def3ne

an area in q-space where indifference curves must be convex. However,

since restrictions are imposed a priori, i.e. before parameters are

estimated, it is not possible to tell which point in q-space corresponds

to a particular (p,y)-combination. Thus, if we choose a particular Vmin
and estimate the parameters imposing B1 it may turn out that indifference

curves are convex in an area quite different from the Qmin we had in mind.

Similarly, a choice of Qmin ~d imposition of B2 may actually imply

concavity on an area in (p,y)-space quite different from Vmin' ~is point

is illustrated for the special case of the quadratic utility function in

section 4.5.

Before we introduce a condition similar to 81 end B2 which is useful
if a conditional demand system must be estimated, we first present a

simple example to show why an explicit condition for this case is

necessary. The example shows that it is not sufficient to impose

conditions B1 and~or B2, since it is necessary to take explicit account of

the way in which (p,y)-space and q-space are related.
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An Example with Rationing

Consider the following Gorman Polar Form expenditure function for
three goods, defined for pi~0 and ai~0 (i-1,2,3).

e(u.P1.P2.P3)--lI2(P2~P3)exP(P1IP3)-P3exP(P2~P3)t1FlsiPi. uP3 (4.14)

The 2x2 submatrix of second order derivatives with respect to pl and p2 is

1 1~2 vZ exp(vl) v2exp(vl)
- p3 v2 exp(vl) exp(vl).exp(v2)J

where v1-pl,p3, v2-p2,p3. This matrix is negative definite for vi(v2.
The demand functions, derived by application of Shephard's Lemma, are

ql - -1~2 v2 exP(vl) } al
q2 - -v2exp(vl) - exp(v2) i a2

(4.15a)
(4.15b)

Suppose now that ql is rationed at q1- ql. We know from rationing theory
(c.f., e.g., Deaton and Muellbauer, 1980), that q2 is then obtained by
first solving vl from (4.15a), for given v2 and q1-g1, and then inserting
the solution (vl, say) in (4.15b). Let us assume that q1--l.al. This is a
perfectly feasible value; it is generated by, for instance, v1-1og 2,
v2-1, so that vi(v2 and negativity is satisfied.

Now assume however that q1--l.al and v2-1~2. Then v1-1og 8~v2. Hence,
there is no shadow price vl for which the expenditure function is concave,
even though ql and v2 are both feasible. It is the combination ql--ltal
and v2-1~2 which causes problems.

This example shows that the relationship between negativity and
existence of a feasible solution of the rationing problem is not
straightforward. It is not sufficient to know the regions in price space
and in quantity space where concavity holds. In case of rationing, part of
the price vector and part of the quantity vector are given. Conditional
and inverse conditional demand functions are necessary to determine the
quantity vector and the price vector to which the given mixed price and
quantity vector correspond, and are therefore necessary to determine
whether the given mixed vector is feasible. o
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Since the example above shows that regularity in a conditional demand
system cannot be stated in terms of B1 and B2, we introduce another
condition, B3, for this case. First, we need some extra notation.

A conditional demand system is the solution of the problem of utility
maximization, not only subject to the budget constraint, but also subject
to an a priori given set of equality constraints on a number of

quantities. We assume that the quantities of goods 1 through k are
constrained, whereas the other quantities can be chosen freely. The number

k and the order of the goods may vary across individuals, i.e. different
individuals may face different constraints.

The individual thus solves the problem

Mq Ug(qI'qII)II y - PIqI;PIIqII's.t.

Here we have written q-(qÍ,qÍI)', p-(pÍ,pÍI)', and the constraints are
given by ql-q1, where qI-(ql,...,qk)', etc.

Starting from the indirect utility function vS and corresponding
demand system F8 as introduced above, the solution of this maximization
problem can be found using shadow (or virtual) prices (see, e.g., Neary
and Roberts, 1980):

Find pIERk, yER and qIIERn-k such that

((PI.PII).Y) E V8

FU((PI.PII).Y) ' (4I.qII)

l Y- Y 4(PI- PI)'qI

(4.16)

The optimal quantities, taking into account the constraints ql-ql, are
then given by qII'

We are now ready to formulate condition B3:

83. Let, for each t, VQt be a given subset of {(p,y,ql)ERnxRxRk}. Then for
all y E Y', for all nE4, for each t, and for all (p,y,ql)EVQt, there
must exist pIERk , yER and qIIERn-k such that
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r ((PI,P11),Y) E Vgt(W,Il)

Fgt(Y~.i7.)Í(PI.PII),Y) - (9I,9II)

Y - Y ' (PI- pI)'qI

This condition states that, for each parameter vector, (4.16) must
have a regular solution. It is necessary to guarantee that the domain of
the conditional demand functions is large enough and thus sufficient for
coherency of the conditional demand system: It states that to each y E Y'
and each n E 4, there corresponds at least one vector qII of endogenous
variables, and together with concavity of the expenditure function and
convexity of V8 this implies coherency.

If there are no measurement errors on prices, income or rationed
quantities, then VQt must at least contain the observed (Pt'yt'qlt)'

Conditions B1, B2, and B3 are similar in the sense that they all
impose restrictions in a subspace of (p,y,q)-space which must hold for all
feasible parameter values. All three conditions imply that the parameter
space cannot be too large. Which conditions are useful not only depends on
the model to be estimated, but also on what the model is used for. For
example, if a conditional demand system is used for simulations in which
quantity constraints are relaxed, then both B3 and B1 must be imposed.

Conditions B1-B3 imply that the space of fixed and random parameters
cannot be too large and thus limit the flexibility of the error structure
of the model. Particularly if optimization and measurement errors are
excluded, the specification of the model must ensure that the model can
explain observed behaviour. In other words, all likelihood contributions
must be non-zero. This implies that the parameter space cannot be too
small. For the case of a standard or inverse demand system, this condition
can be formulated as follows.

B4. ('External coherency')
Let, for all t, VQt be a given subset of {(p,y,q)ERnxRxRn; p'q-y}.
Then for all t, for all yEY', and for all (p,y,q)EVQt, there must be an
~E4 such that Fgt(~ ~)(p,y)-q.

One can think of VQt as the set of prices, incomes and quantities which
may arise for observation t. If no measurement or optimization errors are
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involved, VQt must at least contain the obaerved (p,y,q)-vector for
individual t. In fact, VQt may then consist of just one element. The
condition states that random preferences q must guarantee so much
flexibility that for all yEY' and at least one possible value of n a given
(observed) quantity vector is optimal for given prices and income. This
motivates the term 'external coherency': The model has to be coherent with
available data, in the sense that the likelihood contribution of any given
data point must be strictly positive. Rather than by imposing this
condition, this may also be achieved by explicit incorporation of
measurement or optimization errors in the model.

Figure 6 gives an example for one data point (i.e. a particular
budget line and a point A on it). For each value of y there must be at
least one value of r~E4 which produces an indifference curve tangent to the
budget line at A.

Note the conflicting nature of B1 and B2 on the one hsnd and B4 on
the other hand. B1 and B2 may for instance imply such strong restrictions
on 4 that for a given observed (p,y) (and for given t and y), demand
Fgt(w n) equals the observed q for no nE4, so that B4 is not satisfied.

This would be a consequence of the fact that B1 and B2 imply that, for
given Y', 4 cannot be too large, whereas B4 implies that it cannot be too
small.

Figure 6. Condition B4 in q-space

For the case of a conditional demand system, an 'external coherency'
condition quite similar to B4 can be formulated:
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B5. ('Facternal coherency')
Let VQt be a given subset of {(p,y,q)ERnxRxRn; p'q-y }. Then for sll
yrfY and all (p,y,q)EVQt, there must be at least one ~E4 such that
there are pIERk and yER with

((PI.PII).Y) E Vgt(W.n)

FB (W.n)((PI,PII).Y) - 9
t

Y - Y t (PI- pI)'qI

This condition states that certain quantity vectors qII can be
optimal for given prices, income and rationed quantities qI. If the model
contains no optimization or measurement errors, VQt must at least contain
the observed vector (Pt'yt'(qlt'qIIt))' It guarantees, similar to 84, that
each data point has a non-zero likelihood contribution. Note however that
B5 is weaker than B4 since quantities qIt do not have to be rationalized.

The reader must be well aware of the difference between B5 and B3: B3
states that for each nE4 the rationed utility maximization problem has
some regular solution. B5 states that the model must be able to explain a
given observation, i.e., to each observed optimum there must correspond
some ~E4.

4.5. Examples

In this section, a number of examples are given to illustrate the
implications of the conditions introduced in the previous section and to
show how the conditions can be imposed in practice.

Example 1: Linear Expenditure System (LES)
The indirect utility function is defined for positive prices:

~8(P.Y) - (Y - P'X) ~ Pk-~.
k-1

n
withl~lai-1, ai)0 (i-1,....n). P-(P1....,Pn)'. ó-(Xl,...,~n)'.

(4.17)

The expenditure function is



-55-

n

ea.ll(P.u) - P'é i u R pk .
k-1

A typical element of the matrix of second order derivatives is

{(~2egI~P~P')lP.u)}i j - pip, {kÍÍlpkal`} {aiaj-bijai}.

with bij-1 if i-j, bij-0 if i~j.
Given the assumptions on the ai, this matrix is negative semi-

definite if and only if u)0. This follows from Lemma 1 in Chapter 3. In
view of (4.1~), u is positive if and only if y-p'~)0 so that a maximal
choice for the regular set in (p,y)-space is given by

Va.X- {(P.Y); P~0 and y-P'Y)0}.

The Marshallian demand functions are

9i' Fg.i(P.Y) - Yi~ (ai~Pi)(Y-P'ë) Íi-1.....n). (4.18)

From the definition of Q8 it follows that the corresponding regular region
in q-space is given by

Qa.X - {q E Rn; q)y}.

Random preferences can be incorporated as follows:

Yt - ~t,04 nt'

where Yt,O- (~t1,0 ""'~tn,0)~ is fixed (and may depend on personal
characteristics of individual t) and nt- (nt1 ""'ntn)~ is random (with a
distribution that dces not depend on t).

We first elaborate conditions H1, B2 and B4.

B1. The random variable ~,t should be restricted such that y-~tp~0 for all
(p,y) E Vmin' If, for instance, we take Vmin to be the rectangle

Vmin - {(P.Y): OCp(p, O(y~y},
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then the n's have to satisfy

max p'n C-max max P'yt o'OCpCp t O(pCp

which then defines the largest possible 52 for given yt,0's'

(4.19)

B2. Let Qmin -{q; q)q}, with q some given vector. B2 states that the y's

have to satisfy ~~q , or, equivalently, ~,Cq-yt 0 for all t.

B4. Solving y from (4.18) yields

yi - qi-~ai,pi (i-1,...,n), for some arbitrary a)0.

If we define VQt as {(pt'yt'qt)} (with ptqt-yt), then 4 has to be so

large that for each t it contains at least one value of q in the set

{~ERn; ~i-qti-~ai,pti-yti,0 (i-1,...,n) for some ~~0}.

Note that by choosing ~ large enough we can always guarentee that n
will be in 4 according to (4.19). Hence, conditions B1 and B4 can be
satisfied simultaneously.

It may be illuminating to discuss the role of B1, B2, and B4 for LFS
a bit further. Suppose we do not allow for measurement errors. Then B1 and
B2 imply restrictions on the range of the random variables n which depend
on parameters implicit in ~rt 0. This in itself may give rise to non-
standard estimation problems. The imposition of B1 and B2 makes sure that
whatever the estimates will be, the resulting model will be consistent
with neoclassical theory. Moreover, B4 implies that the likelihood is non-
zero for all data points.

In order to be able to analyse B3 and B5 for LES, we first derive the
conditional demand system. Solving

max U8(4I.9II) - 1R1 (qi-ói)ail-k.i(qi-ói)ai s.t. Y-PIqI}pIIqII
qII

yíelds
n

qi-~i4ai(y-pI9I-pIIyII),{pi ~ a~} (i-ktl,...,n), (4.20)
J-kt1
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where YII - (Yktl" " 'Yn)~'
Alternatively, (4.20) can be obtained by first solving the

shadow prices (pl,...,pk)' from the first k unconditional demand
equations, with pI replaced by pI and y replaced by y, yielding

n
pi - ai(y-piql-P2Y2)I{(qi-Yi) F aj}

j-kt1
(i-1,...,k),

~d (4.21)
k

Y - Y ' ~ ( Pj-Pj)'qj.
j-1

and next substituting the solution into the notional demand equations for
goods k41 through n, again with pI replaced by pI and y replaced by y. The
solution is feasible iff qI)YI and q2)YII, or, equivalently, pI)0, pII)0,
and y-PÍà'I-PIIYII)0.

Note that equation (4.20) has the same functional form as the
notional demand functions (4.18), the only difference being that ai is
replaced by ai~{aktl..... an} and y is replaced by y-pÍql, and that (4.20)
does not depend on (al,...,ak) nor on (Y1 ""'Yk)'

Conditions B3 and B5 can be elaborated as follows:

B3. Let VQt-{(pt'Yt'qIt)}' ~istence of a feasible solution for given

Y-(YI'YII) means qIt)rI ~d y-pltqlt-pIIYII)0. Substitution of

Y-Yt,O}q Yields krl inequality restrictions on ~, that restrict R.

B5. Let VQt -{(pt.Yt.qt)}, with pt)0 and yt-Ptqt.
Solving Y from (4.21) yields

Yit-qit-~ai,pit (i-k.l,..,n) for some arbitrary a)0. (4.22)

The solution is feasible if yi~qi (i-1,...,k).
4 has to be large enough to contain at least one value of ~, such that

Yt-Yt,OFn satisfies (4.22) and i s feasible.
Note that this condition is similar to B4 for LES. It is weaker

than 84 since the quantities ql,...,qk do not have to be rationalized.

Example 2: Quadratic Direct Utility F~nction (QDU)
The direct utility function is given by

u(q) - Y'q-1~2 q'B q. (4.23)
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where y-(~1,...,yn)' and B ~11" 'sln is positive definite.
- ln...~~,

The utility function has a satiation point at q-B-ly, with corresponding
utility level u-2y'B-ly. The demand functions are given by

4 - B-1~ - (P~B-1P)-1{ë~B-1P - y} B-1p

and the indirect utility function is thus given by

~(P,Y) - 1~2 {y'g-1~ - (P'B-1P)-1CX'B-1P - Y~Z}.

The indirect utility function is increasing in y as long as the satiation
point is not in the budget set, i.e. as long as yCy'B-1p. Homogeneity of
degree zero is satisfied automatically.

The expenditure function is given by

eB.à"(P.u) - 11~B-1P - (P~B-1P)1,ZCX~B-12' - 2u]1,Z.

The Hessian of the expenditure function is

(~Zeg~BP~P')(P.u)-(P'B-1P)1,ZCó'B-1X-2u~1,ZL(P~B-1P)-1(B-1P)(B-1P)~-B-1].

As was to be expected, e(p,u) is only defined for u(1~2 y'B-1y (i.e. for u
less than or equal to the satiation level) and p~ 0. It is easy to show
that, since B is positive definite, the matrix

(P'B-1P)-lÍB-1P)(B-lp)~-B-1

is negative semi-definíte and of rank n-1. Hence, the cost function is
concave for all u(1~2 y'B-1y.

In what follows, we assume that there is one commodity, say the n-th,
for which the price is always positive: pn)0. This suggests the following
choice of VB y:

VB.1l- {(P.Y); Y~ó~B-1P. Pn)0}.

Let us consider the following stochastic specification (see, e.g.,
Ransom, 1987b) :
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~t - rt,0} ~t'

where Ilt,O-(~t1,0 ""'ytn,0)~ is fixed, and Tlt-(~tl" "'~tn)~ is a vector
of random variables with ntn-0.

The elaboration of B1, B2 and B4 is as follows.

B1. (yt Of ~,)'B-1P-Y~0 for all t, ~E4, and (P.Y)~min'

If we define Vmin as for LES, this condition turns into

min r~'B-lp~y - min min yt OB-lp,
O~p(p - t O(p~p

which defines 4. It is similar to condition (4.19) for LFS.

(4.24)

B2. Inversion of the demand system for given parameter values (including

y) yields shadow prices and corresponding virtual income as a function
of q: p-~(~r-Bq) and y-p'q, where a can be chosen arbitrarily. The

solution (p,y) is a point in VB ~, if and only if A)0 and ~n-(Bq)n)0.
Thus, imposition of regularity in a given region Qmin in q-space

yields yn-(Bq)n)0 for all qEQmin' ~is can be achieved by restricting
the values of fixed parameters only, since we have assumed that yn is

non-random. Truncation of the distribution of n is unnecessary. If,
for instence, emin is some rectangle, 2n linear inequality

restrictions on the coefficients in B and ~tn,0 result for each
individual t. The conditions to be imposed in estimation are then
obtained as the intersection of the inequalities for each individual.

B4. Again, let VQt-((pt'yt'qt)}' Solving n from the demand functions
yields

ni- pti
~tn,0- ót1,0 ' F{Pij- ptl ~nj)qtj

tn j-1 tn

and 4 should be big enough to contain the n's obtained in this way for
all t, and for all yt 0 and p in the admissible parameter space.

To get some more feeling for these conditions, rwe 1look at a simple
numerical example for two commodities. Let n-2, B-1~ ~J , and assume that

yt,0-~0' fixed and independent of t.
lll
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B1. Let Vmin be a rectangle in normalized ( p,y)-space, i.e.
Vmin-{(p'y)' O(v~(pl~yCvuand v~(p2~ylvu}. Since it is assumed that p2
exceeds 0, it is convenient to work with the normalization p2-1. Vmin
can then be written as Vmin- {(pl'y)~ v~yCplCvuy and vul(yCv~i}
A feasible Y-(Y1,YZ)' has to satisfy Ylpl}Y2-y)0 for all (pl'y)~min'
Thus, Y is feasible if and only if

YZ)v~i-Y1. Y2)vUl-Ylv~~vu and Y2)v~l-Ylvu~v~.

Figure 7 presents the feasible area (FA1) in (Y1,Y2)-space. In

this example (i.e., for this choice of B) the feasible area is non-

empty for every vu)v~)0.

-1.
Y1~Y2'v~ ~`

FA (feasible area in Y-space)

~-1
vu v~ ~~n.- Yl

Y1vu~YZv~-1 1v~tY2vu1

Figure ~. The feasible area in Y-space

For each feasible Y it is possible to derive the regular area in

(pl,y)-space: VY-{(pl'y)' Y1p1.Y2-y)0}, The intersection of these VY's

is the region in (pl,y)-space, where the indirect utility function is

regular for all YEFA1: V- n V.
YEFA1 Y

In Figvre 8, V and Vmin are sketched. Note that automatically

V7Vmin' but the figure shows that V is larger than Vmin' As a matter
of fact, one could have chosen V instead of Vmin to begin with. This
would yield the same region FA1 in Y-space.
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~,~,~u "u~"~ pl

Figure 8. The ~inimal ar.3 the actusl ragular region in (p1.Y)-space

B2. For given y, the regular region in q-space is given by

QY-{(q1,q2)ER2; q2~Y2}. Thus, regularity on some region QminE
{(ql,q2)ER2; qZ(qZ} is guaranteed if ~r2 is restricted to values larger
than q2. and does not impose restrictions on yl. The feasible area in
y-space is thus given by FA2-{(7~1,y2); Y2)qZ}.

Note that B2 cannot replace B1: The region in (p,y)-space where
regularity is guaranteed for all yEFA2, is given by

V'- n V~-{(P1,Y);ó1Pltó2-Y~0 for sll yEFA2}-{(P1.Y); P1-B, Y~q2}.
a-EFA2 -

Thus, for anY Vmin containing non-zero pl's, it is not possible to
choose a rectangular Qmin such that imposition of B2 on Qmin implies
that B1 holds on Vmin' Following the same argument, it can be shown
that B1 cannot replace B2.

B4. For fixed yZ- y2 ~ and given pl, y, (p2-1), ql and q2 with y-p'q, we
must find a feasible solution for yl from the demand system

91 - ël-(ltpi)-1{ë1Pl;ë2-Y}P1,

92 - á2-(l,pi)-1{X1P1'á2-Y}P2.
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This is a system of two linearly dependent equations in yl with a
unique solution tr1- ql}pl(y2-q2). The solution is feasible if and only
if

(P1. 1)y2)v~l-qltplq2,

(P1'~u~~~)X2)v~1-41'Plq2. and

-1(P1' ~~~~u)ë2)vu -ql4plq2.

If sample prices pl always exceed -vR~vu, then it is possible to

guarantee the existence of a feasible solution for all (ql,q2,y) in

the sample by restricting ~2 to be large enough.

To analyse B3 and B5, we first derive the conditional demand
equations. We assume that no rationing applies to the quantity of the n-th
commodity, i.e. the commodity which is treated differently from the other
commodities. Solving

max Us(qI.qII) - (1lÍ.óÍI)IqIIJ - 1~2 (qÍ,4ÍI)IB12
B22,fqII,qII l

yields
s.t. Y - pIqI}pIIqII'

qII-B22(ëII-B12qI)-(PIIB22pII)-1L(~II-B12qI)~B22pII-y-pIqI~B22pII. (4.25)

with obvious partitioning of y and B. The solution is feasible if (q q)
-1 - -1 I' II

is in the regular area of q-space, i.e. if y' B p-ytq'{p -B B p})0.II 22 II I I 12 22 II

Note that (4.25) has the same functional form as the notional demand

functions, the only difference being that y is replaced by y-pÍqII, ~ by
(óII-B12qI), B by B22, and p by pII.

The elaboration of conditions B3 and B5 is similar to the LES case:

B3. Let VQt-{(Pt.Yt,9It)}.
Existence of a feasible solution for given ~-(JII,~II) means

yIIB22pIIt-yt;qIt{pIt-B12B22pIIt}~0'
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Substitution of ~r-yt Otn yields an inequality restriction on n that
restricts the set 4.

B5. Let VQt-{(Pt.Yt.qt)}, with pnt~0 and yt-ptqt.
Solving y from (4.25) yields

where
yII- B12qIt4 B22qIIt- ~tpIIt' (4.26)

~t- {-ytn,0i ~B12qIt; B22qIIt~n},ptn' (4.27)

The solution is feasible if and only if at)0.
4 has to be large enough to contain at least one value of ~, such that

yt- yt,0} n is feasible and satisfies (4.26), with a given by (4.27).

Example 3- Almost Ideal Demand System (AIDS)
Let v-(log pl,...,log Pn)'. oe-(al,....oen)'. ~-(~1....,~n)'. r a symmetric
nxn-matrix with typical element yi~. The expenditure function is

ea.s.r(P.u) - exp {a(P)tub(P)}. (4.28)

where a(p) - a0t a'v t 1~2 v'rv, and b(P) - exP(s'v).
The expenditure function i s homogeneous in p if a'i-1, ri-0 and ~'i-0,
where i is an n-dimensional vector with unit elements.
The uncompensated demands are given by

s- a; rv t~{log y- a(P)}. (4.29)

where s-(sl,...,sn)', si being the i-th budget share.
The concavity condition for the expenditure function is

C is negative semi-definite, (4.30)

where C-rtp~8'{log y-a(p)}-A.ss', with e-diag(s). Sufficient conditions for
(4.30) are

(a) r is negative semi-definite;
(b) 1og Y ~ a(P); (4.31)
(c) OCsi~l (i-1,...,n).
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random preferences are introduced by defining at-at,0.~t, with nti-0,
nt random.

B1. Suppose Vmin is defined by Vmin- {(p'y)~ OCvCv, OCyCy}.

Condition (4.31b) requires the following restriction on fixed
parameters and on the range of the random variables:

max (-n'v) ( a- log y t min min (a' v t 1~2 v'Cv).
OCv(v - 0 t OCvCv t,0

We also have to impose (4.31c). Rewrite (4.29) as follows:

s-(I-pv')~tat O.I'v.~e{log y- a0- at Ov - 1~2 v'Cv}. (4.32)

From this expression it is clear that (c) imposes a number of
additional linear restrictions on the range of r~'s. Thus, as with LFS
and QDU, we find that the r~'s are confined to a polyhedron, although
in this case the polyhedron is more difficult to characterize.

B2. The characterization of the area in quantity space where the system
is regular appears to be extremely difficult. The reason is that the

regularity conditions are essentially formulated in terms of prices
and income or utility level. Regularity conditions in q-space can be

obtained using the inverse demand system, but in case of AIDS no
explicit expression for the inverse demand system (i.e. the shadow
prices) can be given. In terms of budget shares, such a

characterization is substantially more straightforward. For some
purposes this may suffice. Otherwise, it may be possible to rely on

numerical tools.

B4. Let VQt-{(pt'yt'qt)} with ptqt-yt' pt~0 and yt)0. ~ can be solved from
the linear system

st- {I-~vt~n t at 0. i'vt~ s{log yt- a0- at Ovt- 2 vtI'vt},
n'~-0,

(4.33)

where st-(stl" " stn)~' vt-(vtl" "vtn) ' sti-ptiqti,yt' vti-log pti
(i-1,..,n). The solution must satisfy condition (4.30). If o~st~~ and
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C is negative semi-definite, then a sufficient condition for this can
be derived from (4.29):

-n'vt C a0- log yta at Ovtt 2 vtCvt. (4.34)

Substituting the solution for ~ obtained from (4.33) in (4.34) yields
an intricate condition on (Pt'yt'qt)' ~e fixed parameters must be
chosen so that this condition is satisfied for all t.

In order to analyse the conditional demand system, note that

Fg(y,~,)((pI'pII)'y)-q can be rewritten as

s-[I-(3v`]~tat.OtCvt~{log y- a0- at Ov - 2 v'Cv}, (4.35)

where v-(~Í.~ÍI)`. ~I'(vl,..,vk)', 'vi-log Pi (i-1,...k). s-(sÍ,sÍI)`.

sI-(sl" "sk)~' si-piqi,y (i-1,..,k). It is not possible to derive an
analytical expression for shadow prices pI from (4.35). Numerical methods
have to be used. As a consequence, the elaboration of conditions B3 and B5
seems extremely difficult.

H3. Because of the intricate way in which pl enters (4.35), this condition
cannot be analysed analytically. In specific examples, for given
values of the fixed parameters, numerical methods might prove useful,
but imposition a priori seems to be impossible.

B5. Let VQt-{(pt'yt'qt)} as before. The condition states that (4.35) (with
(p,y,q) replaced by (Pt'yt'qt)) must yield at least one feasible
solution for (~,pl). Since (4.35) does not permit an analytic solution
for pI, this condition can only be checked numerically, but not
imposed in any obvious way. Note again that it is weaker than B4
because the quantities qI do not have to be rationalized.
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4.6. Demand Systems with Endogenously Switching Regimes

In this section we consider the problem of an individual who
maximizes utility subject to a set of linear inequality constraints.
Common examples are the case of non-negativity constraints (see, e.g.,
Wales and Woodland, 1983, Lee and Pitt, 1986, Ransom, 1987, and Chapter 3
in this thesis) and the kinked budget set in labour supply models (Hausman
(1981, 1985), Moffitt, 1986, Blomquist, 1983, MaCurdy et al., 1988). In
contrast to the discussion in the previous section, we now assume that it
is not known in advance which constraints are binding and which are not.
The 'regime', i.e. the way constraints are split up between those which
are binding and those which are not binding, is therefore endogenous.

The utility maximization problem in its primal form can be written as

Max U8(q) s.t. R q(r. (4.36)
9 -

Here k is the number of restrictions, including the budget constraint,
R is a kxn-matrix and rERk. To simplify notation we assume that R and r
are fixed, but this is not essential. R and r may for instance depend on
the fixed and random parameters 8. In what follows, we assume that

n{qER ;Rq~r} is compact and non-empty. Specific choices of R and r yield
the examples referred to above:

Escample a: non-negativity constraints: q)0,
budget constraint: p'q~y. -

So k-n~1, R-(p,-I)' and r-(y,0,...,0)'.

Example b: kinked budget constraint: cCwjhiyj (j-1,...,m),
time constraints: h)0 and h(T.
(notation as in section 4.2, with q-(h,c)')

So k-m,2, R' -(-11...-1m-0 0~' r' íY1....,ym,O,T)'. c

If the utility function is strictly quasi-concave and continuously
differentiable on the convex set {qERn; RqCr}, then the solution of the
maximization problem is unique and can be found using the following Kuhn-
Tucker conditions:
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q is optimal if and only if there is some áEK- such that
á)0,
Rq-~ r,
~'(Rq-r) - 0, and
(~US~~9)(q) - R'á.

(4.37)

If, in addition to the conditions mentioned above, non-satiation is

imposed, then (4.37) can be rewritten in terms of the corresponding

(homogeneous of degree zero) demand system Fs(p,y). This demand system has

the properties

(~Ua~~q)(F8(p,y)) - up for some u)0, and
P~FgÍP.Y) - Y.

Making use of these properties and substituting ~- á~k, (4.37) can be
written as

a ) 0,

Rq ( r, and
q --F8(R~~.r'~).

(4.38)

(Since the demand system is homogeneous of degree zero and a~0 (non-

satiation), some normalisation on a may be added). R'~ and r'~ can be

interpreted as a vector of shadow prices and corresponding shadow income,

respectively.
To illustrate the general nature of (4.38), we elaborate it for the

two examples given above.

Example a (continued)
(4.38) yields ~) 0, P'q ~ Y. -9 ~ 0, and

9 - F9({alp-(aZ.....~nrl) }.alY).

If the utility function is increasing in at least one of the quantities,
then the budget constraint is binding, so al)0 . We can then choose the
normalisation a1-1 and this yields, with á-(~2,...,~nt1)':

x) 0. P'9 ' Y, q) 0, and 4- Fg(P-~. Y).

Thus we find the well-known result that shadow prices ( p-á) cannot exceed
real prices (p).
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F~cample b (continued)

(4.38) yíelds a)0, c(wjhtyj (j-1,...,m), -hCO, hCT, and
- - m - - m m

(h.c)~-FB((- F wj7~j- ~m.l` ~m~2' ~ aj)'. ~ ~jyjaTamtZ)
j-1 . j-1 j-1

Assuming that utility increases with c, alt...;am is positive, and thus a
can be normalised such that al~...F~m-1. This yields

~)0, ali...r~m-1, c(wjh.Yj (j-1,....m). OChCT, and

m m
(h.c)~'Fe((- ~ wj~j-~mal}~m42' 1)'. F ajyjtT~m,2).

j-1 j-1

If all tax-brackets consist of more than a single point, then at most two
restrictions can be binding at the same time and there can only be 2m.1
regimes: m regimes with one binding constraint and mfl regimes with two
binding constraints (m-1 kink points and two corners).

In the case of one binding constraint, say the j-th (jE{1,...,m}), we
have

(h.c)' - Fg((-wj.l)~.Yj) (aj-1).

In case of a kink point, say between brackets j and j~l (jE{1,...,m-1}),
we have

Íh.c)~-Fg((-wj~j-wjalLl-aj~.l)~.Yj~jtyj}1[1-aj~)-Fa((-w.l)~.Y).

where OCaj(1. This is a familiar result: The shadow wage w lies between wj
and wjil and shadow income y satisfies ytwh-yj4wjh-yj~liwj4lh, where h is
the number of hours at the kink point. The two corners yield similar
results.

Regularity Conditions

The way in which regularity conditions for the model introduced above
are formulated depends on whether we use (4.36), (4.37) or (4.38). If we
use (4.36) only, then all we need is coherency of (4.36):

C1. For each 8, U8(q) must be defined on {qERn; RqCr} and (4.36) must
yield a unique solution.4)

If we start from (4.37) and don't rely on duality results, then it is
necessary to impose conditions that guarantee both coherency of (4.37) and
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equivalence of (4.3~) with (4.36) (without the latter, the micro-economic
foundation of (4.3~) would be lost). It is then sufficient to impose C2:

C2. For each 8, u8 must be continuously differentiable and strictly quasi-

concave on {qERn; Rqlr}.

According to standard Lagrange theory, C2 is sufficient for the
equivalence of (4.36) with (4.3~) and for coherency of (4.3~). However,
the example sketched in Figure 9 makes clear that C2 is not necessary for
the latter two. In this example, uB is not quasi-concave on some subset of

n{qER ; Rq~r}, but since this subset contains no solutions of (4.36) nor of
(4.37), the equivalence of the two is not affected.

ql

Figure 9. 'Hax~less irregularity'

In order to be able to start from (4.38), we need an extra condition
to guarantee the equivalence of (4.38) with (4.37). Substitution of á~u by
a is possible if non-satiation is satisfied. If F8 is obtained from the
indirect utility function or the expenditure function, an extra condition
is necessary to guarantee that U8 is defined on {qERn; Rq~r}, In terms of
section 4.4, this means that {qERn; Rq(r} must be contained in the regular
set in q-space, Qa ~. Thus it is sufficient (but, again, not necessary) to
impose the conditíon B2, defined in section 4.4, with Qmin-{qERn; Rq(r}:

C3. For each 8, Q8J {qERn; Rq(r}.

Note that C3 is stronger than C2, since non-satiation on {qERn; RqCr} is
imposed. The advantage of C3 compared to C2 is that, in principle, C3 can



also be used if no explicit specification of the direct utility function
is available.

In practice, conditions C1-C3 often appear to be stronger than

necessary. In Figure 9 for example, the fact that utility increases with

both quantities could be used a priori to restrict the 'budget set'

{íql.q2); P141;PZ9Z~Y, 91~0. 92)0} to {(41.92)~ P141'P242-Y. q1~0. 9Z)0}.

This implies an extra restriction and thus a different choice of R and r.

If the model is modified in this way, the example sketched in Figure 9

satisfies both C2 and C3. The restrictions implied by C1 may be relaxed in

a similar way. If a certain subset of {qERn;Rq(r} can be excluded a

priori, there is no need to require that Ug is defined on this subset. See

the examples below.

External Coherency

The condition for 'external coherency' which is the appropriate

substitute for conditions B4 and B5 in the case of endogenously switching

regimes, requires that, in absence of ineasurement or optimization errors,

the error structure of the model must be rich enough to explain observed

optimal behaviour. Starting from (4.38), the condition is given by C4:

C4. ('External Coherency') Let RQt be a given set of restrictions
(including the budget constraint) and quantities that satisfy these
restrictions. For all t, y~ and (R,r,q)ERQt, there must be some nES2
such that aE K- exists with a)0 and q-Fgt(w R)(R'~,r'a).

Similar conditions can be formulated starting from (4.36) or (4.3~).
Essentíally, C4 is the same as B4 and B5. It implies that the support S2 of
the random preference terms ~, must be large enough. Operationalization of
this condition for a given demand system may be difficult. Imposition of
C4 can be avoided by explicit incorporation of ineasurement or optimization
errors, but this is often undesirable from an economics viewpoint.

Examples

The conditions C1-C3 introduced above will be illustrated by some
examples. We focus on non-negativity constraints and kinked budget sets,
and use the specifications of preferences already considered in section
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4.5. We also briefly discuss the relevance of Chapter 3 in the framework
of this section.

Example 1: LFS
The direct utility function corresponding to (4.1~) can be derived by
inverting (4.18) and substituting the resulting expression for (p,y) into
(4.17):

n ai n ai
ug(q) - c iT (qi-~ri) , where c- fT ai .

i-1 i-1

ug is defined on Qa y-{qERn; q)~r}. On this region, ug is also strictly
quasi-concave. Thus, for this example, C1, C2, and C3 are equivalent and

can be written as

For each y, y~q for each q with Rq(r.

Bearing in mind that the condition must hold for each individual t, we
have omitted the subscripts t. For the stochastic specification considered
in section 4.5, the condition above implies, for given systematic part yC
of y, truncation of the distribution of q. In case of non-neKativity
constraints as well as in case of a kinked budget constraint, this leads
to imposition of negativity of the yi's.5)

In practice however, the fact that for LFS u8 is not defined in each
q with Rq(r, is not considered to be a problem. The yis are interpreted as
subsistence levels and Rn`Q(a Y) is interpreted as a region where utility
is extremely low. Thus, maximization of u8 on {qERn; Rq(r} should be
interpreted as maximization of ug on {qERn; RqCr and q~y}. This can be
incorporated from the start by including the extra restrictions q)y in R
and r.6) Since {qERn; RqCr and q)y} C Qa ~,, the only condition which
remains is

For each y, {qERn; RqCr and q)~r} is non-empty.

In the case of non-negativity constraints, this condition can be rewritten
as

For each y, P'~r}(y, where ~r;-(yl,...,yn)' with yi-max(O,yi).

Note that this condition is much weaker than the condition y(0. In the
case of kinked budget constraints, a similar result can be obtained.~) 0
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Example 2: DQU
The direct quadratic utility function is defined in each point of Rn by
(4.23). CI holds if (4.36) has a unique solution. We assume that the set

{qERn; Rq-r} is compact, so existence of the solution is guaranteed, and

only uniqueness may be a problem. Sufficient, but not necessary, for
uniqueness is strict quasi-concavity of the direct utility function, i.e.

the matrix B of fixed parameters must be positive definite. For the case

of non-negativity constraints, Ransom (1987a) proves coherency of (4.37)
directly, by demonstrating that for this specification (4.37) csn be

written as a linear complementarity problem.
The fact that the choice set may contain the satiation point B-1~, in

which case duality results are no longer valid, is no problem if we use
(4.37) only. It does become a problem if we start from (4.38). Thus, for

condition C3 to be satisfied, we need both that B is positive definite and
that B-ly fC {qERn; Rq-r}.

Sufficient conditions for this can be derived if assumptions similar

to those in section 4.5 are made. In particular, let us assume that in the

relevant region of q-space, utility increases as a function of qn, i.e.

~n-(Bq)n)0. This leads to imposition of condition B2 for QDU with

Qmin-{qERn; Rq-r}:

yn) max{(Bq)n; Rq(r}.
9 -

(4.39)

The maximum of the right hand side of (4.39) can be found by linear

programming.

In the special case of non-negativity constraints, assuming that all

prices are strictly positive, (4.39) yields

y )y max (P ~P.).
n l~j(n nj J

In case of the kinked budget constraint (4.39) yields

yn) max (p21hj. S22cj).
O(j(m

where (h.,c.) (j-1,...,n) are the corners (h0,c0)-(O,yl) and (hm,cm) -
J J

(T,wmTtym) and the kink points (hj,cj)-({yj}1-yj}~{wj-wj}1},wjhjtYj)

(j-1,...m-1). o
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Example 3: Indirect Translog
The indirect translog specification was introduced in section 3.2. In

general, it is not possible to derive analytical expressions for shadow
prices for this specification. As a consequence, an analytical expression

for Qg, the regular region in q-space, cannot be given. We only discuss
the special case of non-negativitv constraints, for which there is a way

to avoid these problems. In this case shadow prices corresponding to the

optimal quantity vector are either real prices ( if qi)0 then pi-pi), or

can be obtained from a system of linear equations (see e.g. Lee and Pitt,
1986, and Chapter 3 in this thesis).

The way in which coherency can be imposed in this example was
discussed in Chapter 3. By rewriting (4.38) as a linear complementarity

problem, sufficient conditions for coherency of (4.38) are derived which
imply restriciions on fixe3 para,uetars, without truncation cf the

distribution of ~,. These conditions are not as strong as C3, since they do

not necessarily imply regularity of the demand system on {qERn; q)0}.

However, as is shown in Proposition 2 in Chapter 3, they do imply
regularity at the optimum. o

Example 4: AIDS
In the previous sections it has been shown that regularity conditions in

some region emin in q-space for this demand system are very intricate
because shadow prices cannot be derived in closed form. Thus, in general,
no analytical results can be derived.

For the special case of non-negativity constraints, it is possible to

rewrite (4.38), following the procedure of Chapter 3, as a quadratic

complementarity problem. However, contrary to the linear complementarity

problem, we do not know of any results in the literature on the number of

solutions oF the quadratic complementarity problem. 0

4.~. Conclusions

In this chapter, we have studied coherency and regularity properties

of various static neoclassical models of consumer demand and labour
supply. Emphasis has been placed on the relation between regularity

properties of underlying preferences, in particular concavity and

monotonicity, and coherency of the econometric model based on these

preferences, which is to be estimated. In section 4.2, we have elaborated

a specific example of a labour supply model with a kinked budget
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constraint to illustrate the nature of the problems to be analysed. In
this example, it appears that coherency is lost if and only if a specific
indifference curve (for a specific value of the random parameter) is not
convex at the kink point.

In section 4.3, we have stressed the necessity of imposing coherency

conditions in practice. In an example, it is shown that even though the

true data generating process is coherent, failure to impose appropriate

conditions from the start may lead to inconsistent estimation of the

parameters, at least if maximum likelihood is used. These estimates would

then make us conclude that the model is misspecified. This also

illustrates the fact that it is not possible to test whether the model is

coherent or not. The requirement of coherency is after all a logical and

not an empirical one.
A usual practice is to estimate the parameters by maximum likelihood

without imposing coherency or regularity conditions, and then count the
number of observations for which regularity is violated, given the
parameter estimates. If there are observations for which regularity does
not hold, this leads to the conclusion that not everyone behaves according
to the neoclassical assumptions underlying the model. The example in
section 4.3 shows that this conclusion is inappropriate if violation of
regularity conditions also involves violation of coherency conditions.
Note however that this argument works only in one direction. If, given the
estimated parameter values, regularity conditions and thus coherency
conditions are satisfied, then there is no reason to mistrust the
estimates. In this case, although coherency was not a priori imposed,
maximization of the (extended) likelihood over the extended parameter
space yields the same results as maximization of the (actual) likelihood
over the set of parameters for which the model is coherent.

If specifications for demand systems would be available which were

tractable, flexible, and globally concave at the same time, then the

treatment of coherency conditions would be straightforward. Given

regularity of preferences, existence and uniqueness of the solution of the

utility maximization problem follows from standard Lagrange theory, at

least if the budget set (with all constraints taken into account) is

compact and convex. In general however, tractable, flexible systems only

have local concavity properties.8) Coherency can then be guaranteed by

ímposing regularity conditions in some relevant region of price or

quantity space.



-75-

In section 4.4, a general framework is sketched which shows how
regularity conditions can be imposed which are relevant in case of a
standard, an inverse, or a conditional demand system. In all these cases
it is a priori known which quantity restrictions are binding and which are
not. We focus on systems which are specified by means of en indirect
utility Function or an expenditure function, since a number of flexible
systems which are popular in empirical applications fall in this category.
Regularity conditions generally limit the range of possible realisations
of the error terms in the model (reflecting random preferences). Another
condition, called 'external coherency', is introduced, which states that,
on the other hand, the presence of random terms must provide so much
flexibility that the data can be explained, i.e. likelihood contributions
must be positive. The latter condition can be in conflict with the
regularity conditions. The external coherency condition can be avoided by
incorporating measurement or optimization errors, but this will often be
unsatisfactory from an economics viewpoint.

The examples in section 4.5 show how the restrictions can be imposed

in practice for a number of specifications of preferences. It appears that

for LES and QDU, the restrictions can be dealt with in a reasonably
tractable way. The reason for this is that explicit expressions are

available for both standard demand functions and inverse demand functions,

i.e., shadow prices. For a specification such as AIDS, the inverse demand

equations cannot be derived analytically. As a consequence, the conditions

appear to become very intricate and imposing regularity is a cumbersome
affair which will only be possible with the use of numerical tools.

In section 4.6, we consider coherency and regularity of models with
endogenously switching regimes. In this type of models, coherency is much
more often a problem than in the models in section 4.4. Coherency
conditions are derived for the linear case by Gourieroux et al. (1980),
but the models based on neoclassical theory which we consider will hardly
ever be linear. Instead of imposing coherency, we suggest to look at
regularíty conditions which are sufficient for coherency. Various examples
have been given which show that resulting conditions depend on the exact
formulation of the model.

Imposition of the regularity conditions considered in section 4.4 in
the relevant area of quantity space will in general be sufficient but may
be very restrictive. It may also be conflicting with the external
coherency requirement. Often it is clear that less restrictive conditions
will suffice, because in practice most of the budget set is irrelevant for



-76-

the individual anyway. Thus it is sufficient if the utility function is
quasi-concave in some part of the budget set, of which it is a priori
clear that it will contain the optimum. (we can for instance often ignore
all interior points of the budget set). By making the area where
regularity conditions are imposed as small as possible, maximum
flexibility of the functional form is retained. At the same time this may
complicate the analysis since it is often cumbersome to specify in which
area regularity should be imposed.

Again, the procedure is illustrated by some examples. Among these is
a brief discussion of the indirect translog with non-negativity
constraints. It is explained how Chapter 3 fits in the framework
considered in section 4.6. One of the flexible forms not dealt with here
is the system introduced by Hausman and Ruud (1984). Regularity properties
of this system and the way to impose them will be díscussed in the next
chapter. The empirical application in that chapter illustrates how
regularity conditions can be imposed in practice, along the lines set out
in sections 4.4 and 4.6.

The approach of imposing regularity conditions a priori to guarantee
coherency suggested in this paper, suffers from a number of drawbacks and
complications. First of all, the conditions given are generally sufficient
but only in very specific cases can it be shown that they are, in some
sense, also necessary (see, e.g., the conclusion of Chapter 3). This is
important because imposition of unnecessary conditions affects the
flexibility of the specification of preferences.

Another complication arises because the budget set and the parameters
may differ across individuals. We have seen that certain conditions, like
'external coherency', suggest that the parameter space should not be too
small, whereas other conditions suggest that it should not be too large.
These conditions may easily be conflicting.

An issue that is somewhat related to the previous points, is that the
stochastic specification tends to be difficult. In the examples considered
the support of the random variables was usually constrained to a
polyhedron. If, for instance, we would specify a normal distribution for
the random preferences, this would lead to complicated truncations.

Another implication of the analysis appears to be that in most models
with endogenous regimes or corner solutions, analytical expressions for
the parameter restrictions implied by the regularity conditions can only
be obtained if a closed form expression of the direct utility function is
available. This is rather clear from the analysis in section 4.6, but also



under exogenous rationing, conditions like B2 or B3 require knowledge of
shadow prices in a rationing point. Although in principle shadow prices
can be computed numerically whenever given in implicit form, it is
hard to see how conditions like B2 or B3 should be imposed when no closed
form expressions for shadow prices are available. And, of course, knowing
shadow prices corresponding to given quantities amounts to knowing the
direct utility function. As a result, many of the popular flexible forms
like AIDS or Indirect Translog cannot be used in general. In this paper we
have illustrated how the various conditions can be imposed in a reasonably
tractable way for LES and QDU, systems for which the direct utility
functions are available. In the next chapter, we show that a similar
procedure is possible for the Hausman Ruud specification.

Altogether, the treatment of endogenous regimes or corner solutions

appears to require rather intricnte pruce3ures for ti.e imposition of

regularity conditions and it severely limits the number of functional

forms that can be considered. Despite these difficulties, it should be

clear that without the imposition of regularity conditions one will often

end up with a nonsensical model. Thus the choice appears between

complexity and incoherency.

Notes Chapter 4

1) The support of an absolute continuous probability distribution with
probability density function f is defined as the closure of
{x;f(x)~0}.

2) Take for example p-20, ~r-0, w1-1, w2-1~2, y1-1, y2-11, T-40, so h0-20
and c0-21 (the first numerical example in this section). Then (4.~')is
satisfied. If, e.g., b-1, then, according to (4.5), the optimum is
h~-h2-21, and c'-21.5. At (hw,c`), U is not quasi-concave, since (4.4)
is not satisfied. In this case, the econometric model is coherent, but
its micro-economic foundation is lost.

3) In some cases, it may be useful to allow that Vmin depends on t. For
example, it may be the case that certain values of (p,y) are only
observed for individuals with specífic characteristics xt.
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4) As in section 4.5, we assume that 8-gt(y,D,t), where y is fixed and n
is random with support 4. 'For each 8' thus should be interpreted as
'for each yEY' and for each nE4'.

5) In labour supply models based on LFS, leisure .~ is used instead of
working hours h(-T-,~), since LES is only defined for positive prices.
Thus

ug- c (~-Y~)a~(c-~rc)~c.

The condition that 'all yi's should be negative' thus should be
interpreted as y~(0 and yc(G.

6) Note that in that case R and r depend on y and thus contain a random
component. Our notation does not explicitly allow for this.

7) With the notation of the previous footnote, the condition is:
For each (y~,~c): y~(T and ,yc( (T-max(O,~r~))w~ty~ for all jE{1,...,m}.
Given that w~ and y~ by definition imply that the budget set is non-
empty, this condition is weaker than the one in the previous footnote.

8) For example, the generalized McFadden cost function proposed by
Diewert and Wales (1987) is second order locally flexible and concave
on the positive orthant of price space, but is not tractable, in the
sense that it does not permit explicit expressions for Marshallian
demand functions.
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5. Qvr1til'ITY RATIONING AND CONCAVITY IN A FLEXIBLE
HOUSEHOLD LABOUR SUPPLY MODEL

5.1. Intxroduction

The larger part of the recent labour supply literature is devoted to
the explanation of female labour supply decisions, thereby addressing the
theoretical and econometric problems associated with non-participation,
non-linear and non-convex budget sets and stochastic specification. See,
for example, Heckman (19~4b), Hausman (1979, 1980, 1985), Moffitt (1986),
Arrufat and Zabalza (1986), Blundell and Meghir (1986), and Hlundell, Ham
and Meghir (1987). In these papers, male labour supply decisions usually
play a role only through e(by assumption exogenous) explanatory variable
other househol3 ir.ccme, which includcs male labour e~nings.

In this study we adopt the more general approach of modelling male and
female labour supply simultaneously. First of all, there is some evidence
that the exogeneity assumption of 'other household income' in female
labour supply models is not always tenable; see Smith and Hlundell (1986).
More importantly, male and female labour supply decisions within a
household are likely to be fundamentally interrelated and a full
understanding of household's labour supply behaviour requires to take this
interrelationship into account in setting up the empirical model.

The joint modelling of male and female labour supply creates some

specific problems in addition to those encountered in modelling individual

labour supply. One of the issues is how to represent the household

members' preferences. We shall follow the ususl approach of assuming that

preferences can be represented by a joint household utility function with

male leisure, female leisure and total household consumption as arguments.

There have been some attempts to develop more general procedures, in which

the spouses are allowed to have different preferences and household

behaviour is the outcome of a game. In order to derive demand functions

one then has to specify a certain concept of equilibrium (see Manser and

Brown (1980) and McElroy and Horney (1981), for example). However valuable

this approach may be from a theoretical point of view, its empirical

implementation has not (yet) been very succesful, the main reason being

that the available data do usually not allow to identify the separate

utility functions of both spouses, and to infer which equilibrium concept

is appropriate.
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A second issue that comes up specifically in modelling joint male and

female labour supply is that one usually also has to derive conditional
supply 2quations, i.e. equations that give optimal labour supply of a

household member, given a fixed number of hours of labour supply by the
partner. For example, if the female partner stops working, the functíonal

form of the male labour supply equation changes from its unconditional to

its conditional form (assuming absence of other quantity constraints). For

popular flexible functional forms (flexible in the sense of Diewert,

i974), such as the Almost Ideal Demand System and the Indirect Translog,
the derivation of conditional commodity demand or labour supply equations

is a cumbersome affair, end closed forms can generally not be obtained.
See, for example, Kooreman and Kapteyn (1986).

It appears that at this moment there exist only two flexíble forms
suited to deal with conditional equations and unconditional equations in a
relatively tractable way. The first one is the direct quadratic utility
function, which was used for this kind of problem by Wales and Woodland
(i983) and later on extensively by Ransom (1987a, 1987b). The main
disadvantage of this system is the existence of a satiation point, which
limits the area in quantity space that can be described by the system. In
the case of random preferences, it means that the range of the stochastic
parameters has to be restricted. See Chapter 4 for details. Except for
this one complication, the direct quadratic utility function is a
convenient specification. Yet it seems worthwhile to investigate
alternatives, if only for the reason that empirical demand systems are not
necessarily described well by the quadratic specification. A second
flexible system with reasonable tractability has been introduced by
Hausman and Ruud (1984).

Since the properties of the Hausman-Ruud system have not been

discussed in the literature extensively, we provide a rather elaborate
analysis of the system, including the derivation of the conditional labour

supply equations, the computation of direct utility, and the imposition of
concavity in real wage rates of the real expenditure function. The need to

compute direct utility in an arbitrary point of the choice set may arise
if the budget set is non-convex in which case different local utility

maxima on convex subsets of the budget set have to be compared. Imposition

of concavity is sometimes necessary in empirical applications, as the

likelihood function of the model may not be well-defined if concavity is

not satisfied.
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The practical importance of these issues will be íllustrated in an
empirical example given in section 5.4. In section 5.5 we make a brief
comparison between the direct quadratic and the Hausman-Ruud system. In
that section we also discuss the importance of modelling labour supply of
both spouses jointly.

5.2. The Hausman-Ruud System

A household is assumed to maximize a utility function with male
leisure, female leisure and total household consumption as its arguments.
We assume that the expenditure function in real terms (i.e. expenditures
divided by the price of consumption) corresponding to maximization of the
utility function under a linear full income constraint i s of the Gorman
polar form type ïntroduced by riausmen anà Ruud (í984):

c(w,u) - u exp(-p'w) -{8 4 b'w i 2 w'Aw},

where

u

A -

w-(wm'wf)' : the husband's and wife's after tax real wage rates;

: household utility level;

~r a 1 g rbr m I, ~-( ml, b- I m and 8: parameters.
Ila yf J II~fJ lbf

The corresponding indirect utility function is given by

~(w.H) - K~exP(P~w), H~ - 8. k r b'w t2 w'Aw. (5.1)

where u denotes the household's real non-labour income. u~ can be
interpreted as the difference (in real terms) between non-labour income
and the expenditures needed to reach utility level zero.

Application of Roy's identity yields the following labour supply
functions:

hM - b i u~g 4 Aw, (5.2)

where h"-(hm, hf)' is the vector of optimal numbers of working hours of
husband and wife respectively.
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Concavity

The use of the function given by (5.1) is limited by the usual
regularity conditions on expenditure functions. For this specification,
only concavity has to be considered, i.e. the matrix of second order
partial derivatives of the real expenditure function must be negative
definite. Homogeneity of degree zero and monotonicity with respect to u
are satisfied automatically.

It is easy to show, that concavity is equivalent to

B. y.~gg' - A is negative definite.l) (5.3)

From now on we assume that the matrix A is non-singular.
Note that, if p'A-lg ~ 0, a necessary condition for concavity is given by

u" ( {p'A-lA}-1. (5.3')

If p~0 and p'A-1p-0, then B is negative definite for no value of u~. This
case is excluded from now on. In the special case that A is positive
definite, it is easy to prove that (5.3') is not only necessary but also
sufficient for (5.3). (See, for a proof of a more general result, Bekker,
1986).

The application of duality theory strongly hinges on the concavity
condition; without this property, there is no utility maximizing problem
behind the labour supply equations. Therefore, (5.3) must hold for all
relevant (w,K), including shadow wages and corresponding virtual incomes.

The Direct Utility Function

Non-convexity of the budget set makes it necessary to compare the
values of the direct utility function in different points. We shall derive
the direct utility function by calculating the utility level in some
arbitrary point (hm,hf,y), where y is total family income:

Y- x t wmhm t wfhf. (5.4)

Let k be the vector h-b, where h-(hm,hf)'. Given (hm,hf,y), we first seek
(shadow-)wages w and corresponding non-labour income y satisfying
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k - uwp t Aw, (5.5)

N~ - x t 8 t w'b t Zw'Aw, and

u-Y-w'h.

(5.6)

(5.7)

Inserting the solution (w,x) from (5.5). (5.6) and (5.~) in the indirect
utility function (5.1) then yields the utility level at (hm,hf,y).

Equations (5.5) through (5.~) yield, after substituting (5.~) into (5.6):

w - A-ik - -x~A 1R,

x~`- z(w - Álk}'A(w - A-lk) - 2k,A-lk . y. 8.

Substituting (5.8) into (5.9) yields e quadratic equation in x':

ZxN2H'A-ls - x~ - zk'A-ik t y t 8- 0

and if x~ is known, w can be found from (5.8):

w - A-1(k - x~P).

(5.8)

(5.9)

(5.10)

(5.11)

Thus (w,x) can be determined if and only if (5.10) has a real solution,
i.e. if and only if

1 t S'A-lp{k'A-lk - 2(y . 8)} ) 0. (5.12)

A solution (w,x) is only feasible if it satisfies concavity condition
(5.3). Obviously, if 5-0, the solution of (5.10) and (5.11) is unique and
it s8tisfies (5.3) if and only if A is positive definite. If p~0 and
(5.12) holds, then (5.10) and (5.11) yield (at most) two solutions (w,xN)
and only the smallest of the two satisfies the necessary condition (5.3'):

x~- (P~A 1P)-1-{(R'A 11~)-2~(P~A-1A)-1~k~A-lk-2(y . 8)~}1,2. (5.13a)

w - A-1(k - x~R). (5.13b)

u - Y - w'h. (5.13c)
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If this solution satisfies (5.3), then it is feasible and the utility
level is given by

U(hm,hf.Y) - V(wm,wf.u) ' R~ exP(H'w). (5.14)

The reader should be aware of the relation between invertibility (i.e.
the question whether (wm,wf,u) can be solved as a function of (hm,hf,y))
and concavity (i.e. well-behaviour of the direct or indirect utility
function). As usual in dually specified systems, the concavity condition
involves (shadow-) wages and it cen therefore only be checked in
(hm,hf,y)-space if invertibility is guaranteed. In the special case of a
positive definite matrix A, concavity condition (5.3) is equivalent to
(5.3'). In this case the system has the property that, if (wm,wf,x) can be
found, then exactly one solution satisfies the concavity conditions, so
'invertibility guarantees concavity'.

Rationed Labour Supply

In this subsection, we derive rationed labour supply functions, i.e.
labour supply for one individusl if - for some reason - the partner's
number of working hours is fixed. This means that the household maximizes
utility subject to some binding constraint on one of the three goods.

Rationed labour supply curves can be determined using shadow-wages and
shadow-income (see Neary and Roberts, 1980).2) We derive the female's
rationed labour supply hf for given hm, actual real wage rates wm and wf,
and real non-labour income x. The male's rationed labour supply can be
derived in exactly the same way.

We search for a shadow wage rate wm and corresponding u. such that

hm-. mi~M t ëmwmr awfi bm.

}t t h w- N i h w ,mm mm

-.
N- N t 8 r bfwf. Smwm~ 2(Ilfwf t ~mwm) .~wfwm.

-.
If a feasible solution (w ,u) (with corresponding x) is found, optimalm
female labour supply is given by

hf -~f.u a ëfwf . awm . bf. (5.16)
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System (5.15) implies

a2wmt alwmt a~- 0,

where ,
ao- -hmt ~m{p t 8 t hmwmt bfwft Zyfwf} i awft bm.

a1- Ymt ~m{-hm. bm. awf},

1
a2- Z~mym.

(5.17)

If (5.17) has no real solution, no shadow wage can be found and hf cannot
be determined. Equation (5.17) has a real solution if and only if

D.~m(-hmtbm.awf)2t ym- 2Smym{hmwmtu.8.bfwft 2yfwf} ) 0. (5.18)

r
If wm is found, then u, u and hf follow immediately from (5.15) and
(5.16). The solution is feasible if and only if it satisfies concavity
condition (5.3).

We focus on the 'regular' case, i.e. ~mym ~ 0.
If (5.18) holds, then the solutions for wm are given by

wm - -~ml 4 (hm - bm - awf)~ëm ! (~mëm)-1 f.

M
The corresponding value of H is

u~ - m2~m : ~m2 f. (5.19)

It is easy to check that the matrix m2yms~'-A is indefinite or semi-
definite. Since the matrix ~~' is positive semi-definite, this implies
that at most one of the two solutions can be feasible:

wm- -~mlt ( hm- bm- awf)~ëm t (~mXm)-lf. (5.20)

Note that, even in the special case of a positive definite matrix A, this
solution is not necessarily feasible. Condition (5.3) should always be
checked. Thus, the relation between 'partial invertibility' and concavity
is different from the relation between 'full invertibility' and concavity,
which was discussed above.
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In this section we derived the conditional female labour supply

function hf(wf,hm,p4wmhm) corresponding to household preferences given by

(5.14). The result is a closed form expression for hf. Lundberg (1988)

follows a different strategy. She starts with conditional demand functions

in some convenient form and does not discuss the issue whether it is

possible to find a household utility function corresponding to these

equations. Our approach has the advantage that a closed form expression of

the indirect utility function is available. As a consequence, it is easy

to check whether the underlying system of preferences satisfies regularity

properties (e.g. concavity) and it is possible to incorporate non-

convexities in the budget sets.

5-3. Applications

The rationed labour supply functions derived in section 5.2 can be
applied in several situations. The most common example is the non-
negativity constraint for females. If this restriction is binding, the
husband's labour supply function should be replaced by a rationed labour
supply function. The same argument holds for the analysis of implications
of mandatory reduction of the working week, as proposed by some Western
European governments, on labour supply of individuals for whose partner
this reduction is binding.

A similar situation arises if individual budget sets are piecewise
linear and convex (see e.g., Blomquist, 1983 and Hausman, 19~9), as in the
case where spouses file separately and the tax system is progressive and
piecewise linear. The household budget set in this case is depicted in
Figure 1. In The Netherlands, this budget set is a reasonable
approximation for families not entitled to unemployment benefits. If, for
example, the optimal number of the husband's working hours is at a kink,
then female labour supply is not given by (5.2) but by the conditional
labour supply function given in section 5.2.

If the budget set is non-convex, comparison of values of the direct
utility function, also derived in section 5.2, is necessary to determine
the optimum. Unemployment benefits or fixed costs of working are common
phenomena causing such non-convexities, in particular at zero hours of
work.

Apart from constraints arising from the shape of the budget set,
restrictions may stem from demand side factors or institutional
constraints on the labour market. Particularly in The Netherlands, actual
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hours are not only determined by labour supply decisions of the household,
but also strongly depend on institutional constraints, such as agreements
between unions and employers, and demand side factors. Most jobs in The
Netherlands are 40 hours a week jobs, with a fixed number of holidays and
strong limitations on working overtime. Especially in the manufacturing
sector, there are only a limited number of part-time jobs. Possibilities
to work a non-standard number of hours are rare. It therefore seems
unrealistic to treat actual hours as if they were chosen freely by the
members of the family.

Figure 1. The household budget set if individual budget sets are
piecewise linear and convex

This is one of the reasons why several recent Dutch labour market

surveys do not only contain information on actual hours worked, but also

on preferred hours, i.e. the number of hours someone would like to work
under a given scenario. Although the description of such a hypothetical

scenario is never complete, the formulation of the questions in the most

recent surveys seems to leave practically no room for misinterpretation.
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Preferred hours are provided by respondents in a ceteris paribus context,
i.e. it is assumed that the partner does not change his or her actual
number of working hours. This way of questioning implies, that preferred
hours in the data set are to be interpreted as optimal hours, conditional
on the fact that the actual number of hours worked by the partner is
fixed.3) Thus, a conditional labour supply equation as described in
section 5.2 is needed to explain preferred hours.

Some further explanation may be useful at this point. Of course,
preferred hours are not very interesting by themselves from an economist's
point of view; it is actual hours that we want to study eventually. But,
due to institutional constraints and demand side factors, preferred hours
appear to be a better reflection of the household's preferences than
actual hours. Thus, certainly in The Netherlands, it is preferred hours we
should use to reveal preferences. In a later stage, the information on
family preferences should be used to construct a labour market model, in
which actual hours are linked to preferences as well as institutional
constraints and demand side factors.

5.4. An Empirical Example

In this section, we present an application of the system studied in
section 5.2. A similar model, estimated for a different data set, can be
found in Kapteyn and Woittiez (1989). In that paper, some of the results
derived here have been used. For the rest, the Kapteyn and Woittiez paper
concentrates on different issues, particularly habit formation and
preference interdependence. In our model preferred hours of husband and
wife are the endogenous variables, for reasons discussed in the previous
section.

Specification of the Model

Since each individual provides his or her preferred number of working
hours, taking the partner's actual labour supply as given, only
conditional labour supply functions are relevant. From the individual's
point of view the household budget set is therefore only two-dimensional.
In Figures 2a and 2b, approximate budget sets are sketched for a female
whose husband works hm hours a week.

Figure 2a relates to a working female. The budget curve consists of 11
income tax brackets. Non-convexities do not arise, because working people



-89-

who quit voluntarily are not entitled to unemployment benefits. The
optimal number of hours in this case can be found by computing conditional
labour supply for each of the brackets, as described by Hausman (1979) and
Blomquist (1983), since fixing male labour supply has reduced the
dimension of the problem. The optimum hf can be in the interior of one of
the brackets or at one of the kinks, as in the situation drawn. It may
also be negative.

If a female is unemployed and receives benefits cf)0, the budget set
is non-convex. We assume that she looses all benefits at the moment she

works slightly more than zero hours. This assumption is in itself
incorrect. However, it appears to be rather harmless, since the marginal

tax rate on increased earnings for someone on unemployment compensation is
so large that a choice of a number of hours corresponding with an earned
income below the unemployment benefit level is unlikely.4)

Y

h w t r
m m

U-U~ ~

i
I

hf f

Y

cf

h w tr
m m

~ ~ U-U
U-UO

I i

~ ~
I ~,'

f f

Figure 2a. The budget set; no Figure 2b. The budget set with
unemployment benefits unemployment benefits

The optimum in this case (see Figure 2b) can be either 0 hours or hf,
depending on the fact whether the utility level UO-U(hm,0,u{wmm.cf)
exceeds U1-U(hm,max(O,hf),ktwmhmtwf,max(O,hf)) or not. (In Figure 2b, the
former is the case).

The stochastic specification in neoclassical structural models with
rationing is a delicate problem, even ín the case of a convex budget set.
In these types of models it is important to distinguish between different
sources of random errors, i.e. measurement errors, optimization errors and
random preferences.
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Preference variation across households in our model could be
incorporated by allowing e.g. the parameters bm and bf to depend upon
household characteristics:

K
Si- E xjsijt Ei ( i'm,f).

j-1
(5.21)

where xj (j-1,...,K) are observed characteristics (including a constant
term) and ei is a random variable representing unobserved sources of
preference variation. This corresponds to translating (see McElroy, 1987).

Random b's, however, lead to random shadow wages and a complicated
likelihood function. Moreover, the lack of global concavity, as discussed
in section 5.2, implies that it is necessary to truncate the distribution
of the e's in some rather intricate way. It is easy to see that conditions
like (5.3') or (5.12) imply that the e's have to lie in a polyhedron and
it is hard to find a tractable (and realistic) distribution which allows
for such a kind of truncation. Although we do recognize the importance of
a stochastic specification that allows for random preference variation,
the ensuing complications make this en issue beyond the scope of this
chapter.

Our stochastic specification is 'ad hoc' in the sense that it only
allows for optimization (or measurement) errors. We add normally
distributed error terms to the conditional labour supply functions.
Thus, for a female not receiving unemployment benefits, we have

M
hf- max{0, hft ef}

N
where hp is the observed preferred number of working hours and h is the
optimalfchoice given the budget constraint.5) f

Zf á female does receive unemployment benefits, we only know whether
she is seriously looking for a job or not. The optimization error ~f is
incorporated as an error in the 'regime choice':

V - U1- UOt nf.

If V)0, then the female wants to work; if V(0, she is not seriously
looking for a job. Male preferred labour supply is treated in exactly the
same way.
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The vector of error terms (Ef'Em'~m'~f)~ is assumed to follow a
multivariate normal distribution with mean zero and covariance matrix

26m 2
Pómof 6f

0 . „ 62
v

An asterisk indicates that the covariance does not appear in the

likelihood function, so that it cannot be estimated. Because of the small

number of people in the sample receiving unemployment benefits, we impose

cov(Em,nf)-cov(Ef,nm)-0, and var(nm)-var(nf).

Data and Fstimation Results

The data used stem from a labour mobility survey conducted in The

Netherlands in 1982 by the Institute of Social Research of Tilburg
University jointly with the Netherlands Central Bureau of Statistics. The

data set has been used by various researchers in The Netherlands for
studies on labour supply, labour mobility, and income distribution. The

survey was held among a sample of Dutch households with at least one
household member between 16 and 65 years of age. In each household, all
members between 16 and 65 years have been interviewed. The information
collected pertains to incomes, hours worked, desired hours, search

behaviour, demographics, etc. Non-response is equal to 35.7X. Comparison
with population characteristics shows that the survey is fairly
representative of the population from which it was drawn, although
students and unemployed people appear to be somewhat underrepresented.
Altogether the survey compríses 26~~ persons in 1299 households. The
analysis here is restricted to families with at least two adults. Also,
self-employed, students, and disabled people are omitted from the sample.
As a result, in the estimation of the household labour supply model, data
on 520 households were used. Some sample statistics are given in Table 1.

The before tax wage rates in Table 1 are predicted wages on the basis

of a wage equation with log(age), log(age)-squared and education as

predictors. For males and females separate wage equations have been
estimated, using Heckman's two-stage procedure (see Heckman, 1979).
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The model has been estimated by means of maximum likelihood.6) To
impose concavity of the cost function in wages in a relevant region of the
(hm,hf,y)-space, the parameter 8 has been restricted, i.e. an upper bound
in terms of other parameters in the model has been set to 9, such that
concavity is guaranteed in all data points.~) It turns out that this
restriction is binding. It should be noted that testing of the restriction
is impossible, since the likelihood is not well-defined under the
alternative. This problem is discussed in more detail in Chapter 4 of this
thesis.

Table 1. Sample Statistics

mean standard
deviation

males preferred hours 3~.60 6.62
actual hours ( all males) 39.~7 11.~8
actual hours ( working
males only) 42.29 6.38
before tax wage rate 14.9~ ~.66
after tax wage rate 11.~4 3.~2
unemployment benefit 357.~0 96.40
(recipients only)

females preferred hours 24.49 8.52
actual hours (all
females) 8.44 13.24
actual hours ( working
females only) 22.62 12.20
before tax wage rate 14.18 5.~2
after tax wage rate 12.~1 5.12
unemployment benefits
(recipients only) 132.33 71.59

non-labour household income 80.62 122.54
log (family size) 1.200 0.349
dummy chYldren ( 6 years old 0.31~ 0.466

min max number
of obs.

15 70 489
0 70 520

20 ~0 489
4.98 55.8~ 520
4.95 29.48 520

228.99 644.38 26

8 5o i33
0 42 510
2 42 194
3.4i 23.26 520
3.06 21.82 520
50.83 184.11 3
0 92~.41 520
0.693 2.303 520
0 1 520

Explanation:
hours: working hours per week
wage rates: in Dfl. per hour worked
benefits: in Dfl. per week
non-labour income: in Dfl. per week, not including unemployment benefits.

Table 2 presents the parameter estimates. Sm ('the male's non-
labour income effect') is significantly negative and yf (representing the
largest part of the female's own wage effect) is significantly positive,
whereas pf, a and ,ym do not differ significantly from zero. sm and pf have
the expected sign, indicating that leisure is a normal good. The variables
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concerning family composition play a significant role in the female hours
equation ~but not in the male hours equation. A direct economic
interpretation for the parameters other than ~m and pf is hard to give.

Table 2. Estimation results

Parametera Estimate Standard errorb)

a 0.88 x 10-3
~m -0.2o x l0-2
pf -0.47 x lp-3
~ 0.86 x 10-2m~f o.47

3?.3mo
bfo 24.0
Sml 3.9
bfl -24.0
bm2 -0.40
bf2 -13.9
cm 6.7
~f 19.3
6~ 21.4 x loio
p -0.21
8 -390.18

0.13 x l0-2
0.10 x 10-2
0.47 x ip-3
0.93 X 10-2
0.20
z.2
4.1
1.0
3.5
0.82
z.7
0.12
1.7

32.5 X 1011
0.07

c)

Explanation:
a) The parameters Sm and bf have been made dependent upon additional

exogenous variables as follows:

Si-bio4bilXi}Si2X2 (i-m,f), where
X1- log(family size), and

1 if there are children in the family younger than six
X2- 0 otherwise

b) Standard errors are based on the outer product of the scores

c) The estimate of 8 is at its upper bound (due to the imposition of
concavity, see note 7) so no standard error is computed
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The economic meaning of the estimates is brought out more clearly by
graphs and elasticities. In Figures 3a - 3d family labour supply functions
are drawn for a family without children as a function of before tax wage
rates. In each case the rema3ning variables are set at their sample means.
We distinguish between 'short run' (the partner is rationed at a certain
number of hours) and 'long run' (the partner is not rationed) labour
supply functions. In each of the four figures two short run labour supply
functions are drawn: one for the case where the actual number of hours
worked by the partner equals the sample mean (hf22.62 or hm-42.z9) and
one for the case where the partner dces not work at all.

Figure 3a shows s backward bending male labour supply function
implying that the negative income effect dominates the positive own wage
effect. Figures 3b and 3c reveal the expected negative relationship
between one's own preferred number of hours and the partner's wage rate,
but the effects are small. Figure 3d shows that female labour supply is
forward bending. The own wage impact is much larger for the wife than for
the husband. Figure 3d also reveals the working of the tax system. The
piece-wise linear progressive tax system leads to jig-sawed responses of
preferred hours to the own before-tax wage rate. The reason for this is
that each time an individual is at a kink in the budget constraint, she
wants to stay there if the before-tax wage rate changes a little bit. To
stay at a kink with an increasing before-tax wage rate entails a reduction
of work effort. The downward sloping parts in Figure 3d are hence
hyperbolas. The same kind of non-differentiabilities is in principle also
present in Figure 3a, but in this case the hyperbola parts are so small
that the drawing cannot reveal them. This is caused by the very small
male's own wage effect.

The difference in own wage elasticities is borne out by Figure 4 in
which some indifference curves are depicted, using the results of section
5.2. Figure 4a shows a few indifference curves upon which the husband's
decision is based if his wife works hf-22.62 hours; it is easy to see that
a change in the male wage rate only has a small impact on the optimal
number of male working hours. In Figure 4b, where the wife's indifference
curves are drawn if the husband works hm-42.29 hours a week, the (own)
wage impact is much larger (note the difference in scale of between both
figures)..

Similar figures could be drawn for different family compositions. The
main difference would be a strong downward shift in all female labour
supply functions (due to the negative estimates for bfl and bf2, the
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parameters that represent the impact of family size and the presence of
children younger than six respectively on the wife's labour supply). As a
result (predicted) preferred hours of the wife are then only non-zero for
very high female wage rates.
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Figure 3. Preferred hours as a function of before tax hourly wage
rates for a couple without children
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Figure 4. Same indifference curves Por a family without children if
the number of working hours of one spouse are fixed

5-5- Conclusions

Consistent modelling of household labour supply under different
regimes (i.e. taking account of kinks and corners) requires the use of
shadow prices if one wants to work with specifications that are given in
dual form. Unfortunately, most of the known flexible forms have the
undesirable property that shadow prices cannot be found in closed form,
except for some special cases. The only known exceptions are the direct

quadratic utility function and the Hausman-Ruud specification. Of course,
once shadow prices at any point in quantity space are known, the direct

utility function can be derived from the indirect utility function.
Indeed, the first thing accomplished in this paper is the derivation of

the direct utility function corresponding to the Hausman-Ruud
specification. Secondly, the application of rationing theory requires that

the system considered satisfies the Slutsky conditions in all data points.

Hence we have imposed concavity conditions for all data points in the
empirical example considered.

The obvious advantage of the joint modelling of labour supply of both
spouses in a family is that once the preferences are known (have been
estimated) we are able to predict household behaviour under different
regimes. This is impossible, for example, if female labour supply were

f
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modelled without taking into account the interaction of husband and wife.
In the latter case it would be impossible to say what would happen if the
male changes the number of hours worked, or changes from a state of
unemployment to a state of employment. It is true that the pictures in
Figure 4 suggest that actually not much will happen in such a case, but of
course one can only know that after an empirical analysis in which the
interaction of both spouses has been taken into account properly.

A drawback of the Hausman-Ruud specification might seem to be that it
is difficult to allow for random preferences in a utility consistent way.
At first sight the direct quadratic utility function does not suffer from
such a problem. Ransom (1987b) presents a specification with random errors
and provides conditions under which the ensuing model is coherent. The
conditions are easy to impose and estimation of the model by ML is rather
straigi~tfoï.ward. It turns aut however ttiat for cartain values cf the
random preferences the bliss point of the direct quadratic utility
function is inside the budget constraint, and in such a case the demand
equatíons do not represent a utility maximum. It has been shown in Chapter
4, that the restrictions on the random preferences which are required to
prevent this from happening are quite similar to the restrictions that
have to be imposed in the Hausman-Ruud system on the random preferences to
guarantee a well-behaved system. Therefore, there are no compelling a
priori reasons to prefer one system or the other. We have two reasonably
tractable flexible sytems available which can be used for the analysis of
household labour supply in the presence of kinks and corners, and the
choice between them in each case should be based on the data at hand.
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Notes Chapter 5

1) B is the Hessian of the expenditure function. Since the expenditure
function is defined in terms of real wage rates, the usual condition
that its Hessian is negative semi-definite is replaced by (5.3).

2) Rationed supply functions can alternatively be determined from
maximization of the direct utility function derived in section 5.z.3.
subject to the budget constraint and the rationing levels.

3) A typical wording of the survey question asking for preferred hours is:
"How many hours would you like to work if you could choose freely and
if your hourly after tax wage rate remains as it is now? Assume that
other family members do not change their number of working hours"

4) In section ~.3 an individual labour supply model is discussed which is
similar to the model considered here. In that model, the more
realistic assumption is made that, if the individual works a small
positive number of hours, benefits are reduced by 75x of the after tax
wage. See Figure 5 in Chapter ~.

5) For individuals who work less than 15 hours a week, it is only known
whether preferred hours exceed actual hours or not. It is straight-
forward to take this into account, considering hp as a latent variable.

6) A table with likelihood contributions is available on request. The
likelihood contributions vary according to whether one or two spouses
are participating, whether or not the budget set is convex, whether or
not preferred hours are zero, etc.

~) For a positive definite matrix A, concavity is equivalent to (5.3').
Substituting (5.19) and (5.18) into (5.3') yields

8 C-{H,h w tb w tly w2}.1~-1(b -h ,acw )Z-ly-lf32(~~A-1~)-2t(S'A-lA)-1.m m f f 2 f f 2 m m m f 2 m m

This restriction (and a similar one for males) is imposed for all
sample observations.
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6.LABOUR SUPPLY, INCOI~ TAXES AND HOURS RESTRICTIONS

6.1. Introduction

Due to the pioneering work of Jerry Hausman, the treatment of piece-
wise linear convex budget constraints in the analysis of labour supply is
now a rather standard practice. See, for example, Hausman (1980, 1981a,
1985), Blomquist (1983) and Moffitt (1986). In section 6.2 we replicate
this type of analysis on data for The Netherlands. Hoth the labour supply
of married females and males is studied for a cross-section of Dutch
households drawn in 1985. Some simulations based on the estimation results
are performed to calculate elasticities and dead weight losses.

Although the standard model comes out with plausible coefficients and
trie results are well ir, line with earlier findirgs ir. The Netherlar.ds, a
simple simulation reveals that various features of the data are not
reproduced. In particular, the model overpredicts employmentl) of males,
whereas for females the employment percentage of various education groups
is badly tracked. A comparison of the distribution of hours worked in the
sample with the hours distribution generated by the model makes clear that
the simulated distribution is far too smooth. In particular, the model
misses spikes at 40 hours a week for males and at 40, 20, and 32 hours per
week for females.

All this suggests that, at least in The Netherlands, the assumption
underlying the model that observed hours mainly reflect the outcome of
unrestricted choices by individuals is incorrect. In sectíon 6.3, we
introduce a simple reduced form model of the demand side of the labour
market, in which employers offer wage hours packages and each individual
can choose from a limited number of such offers. Out of these jobs, either
the one yielding the highest utility level is chosen, or the individual
decides not to work. It is also possible that someone is unemployed
because he or she has received zero offers.

It turns out that this adjustment of the standard model makes a
dramatic difference in terms of the explanation of unemployment among
males and the fit of the generated hours distribution to the observed
distribution in the sample. Interestingly, in the calculation of
elasticities we obtain results that are of the same order of magnitude as
in the standard Hausman model. The results of the extended model suggest
that for females the distribution of desired hours is situated to the left
of the distribution of hours offered by the employers. This mismatch
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between both distributions is a possible explanation of the low
participation rate of women in The Netherlands in comparison with most
other developed countries. The results imply that if women could all work
their desired numbers of hours, the employment rate of married females
would rise from about 40X to about 80x, although most of them would choose
to work 16 hours a week or less.

We introduce a generalized dead weight loss measure which explicitly
takes the hours restrictions into account. Dead weight loss calculations
for the extended model suggest that the efficiency loss due to the tax
system is much smaller than as calculated with the standard model.

All these results should be interpreted with caution. Although the
model in section 6.3 in some respects certainly performs better than the
model in section 6.2, it does not yield a satisfactory description of
labour supply behaviour in The Netherlands. Test results show that
misspecification is still present. In the final section of this chapter,
some possible future extensions and improvements of the model are
suggested. The main contribution of the present study is perhaps not a
reliable conclusion about 'the true labour supply elasticities' or a
guideline for tax reforms. Much more, it is another warning against the
temptation to stick to one particular model, without carefully
investigating whether this model is able to explain certain features of
the data to a sufficient extent.

6.2. The Hausman Model

Starting point of the analysis is a modified version of the model
introduced by Hausman (1981a):

hij - Swij t bNij . X~~ . ej,

h~ - 0 if hijCO,

(6.1)

- hij if Hi-1 Chi ~Hi. (i-1,...s), (6.2)
j- j- J

- Hij if hij)Hij and hi;l (Hi (i-1,...s-1),j j
- T if hsj)Hsj,

hj - 0 if h~ ~ vj~0 or h~-0, (6.3)

- h" t v if h"tv.~0 and h')0,
where J j J J- J

hij - utility maximizing number of working hours for individual j
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on the line containing budget segment i
wij - marginal hourly wage rate of individual j on budget segment i
N.. - virtual non-labour income of individual j for segment i2)
i~

X. - vector of exogenous demographic variables of individual j
J

ej - random variable representing preference variation which is not
explained by Xj

h~ - desired number of working hours
J

Hij - kink-points of the budget constraint (HOj-O, Hsj-T)
T - total time available (168 hours per week)
h. - observed number of working hours of individual j
J

vj - random varíable representing measurement or optimization errors
s - the number of budget segments
p, b, a: parameters.

Note the similarity with the model considered in section 4.2, which is the
special case that the budget set consists of two linear segments (i.e.
s-2). The main difference between the model considered in this chapter and
the one in both the Hausman (1981a) paper and in section 4.2 is that
random preferences (ej) are included in the constant term rather than in
the income coefficient p. Moreover, the constant term is allowed to vary
with observed individual characteristics (Xj).

The error terms (ej,vj)' are assumed to be drawn from a bivariate
normal distribution with mean (0,0)' and covariance matrix

2 1
~ oE ~y I.

The corresponding direct utility Jfunction and expenditure function
are similar to those in section 4.2 and are given by

U(h,c) - (bh-p)exp{b(h-X'a-E-bc)~(p-bh)} (6.4)

ana
e(w,u) - {e-bwu tp-~bw-b(X'ate)}~b2 (6.5)

respectively, where c in (6.4) denotes consumption3) and u in (6.5)
denotes the utility level. The direct utility function is defined and
quasi-concave on the set {(h,c); p-Sh~O}, which contains the set {(h,c);
h~0} if p)0 and b(0. In this case the model is also coherent in the sense
that (6.1), (6.2) and (6.3) yield exactly one solution hj for all Ej and
v.. See section 4.2 and also MaCurdy et al. (1988), in which coherency of
J
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the kinked budget constraint model for a general system of preferences is
discussed.

Data and Estimation results

The data we used stem from a labour mobility survey carried out in
The Netherlands in 1985 under auspices of the Organization of Strategic
Labour Market Research (OSA). The sample contains information on 849
families consisting of at least husband and wife. Some sample statistics
are mentioned in Table 1. The sample contains 315 families in which both
partners are employed. In 486 families only the husband is employed and in
16 cases only the wife works. In the remaining 32 families both partners
are unemployed. After tax wage rates of employed individuals were not
directly observed but constructed from hours worked and after tax labour
income. See Appendix A for some details on the measurement of these
variables. Before tax wage rates were calculated from after tax wage rates
by using an approximation of the Dutch income tax system. Some simplifying
assumptions were necessary because the data set does not contain all the
necessary information on deductables, health insurance premiums, etc.

Making use of the computed before tax wage rates of workers, a before
tax wage equation allowing for the possibility of selection bias was
estimated for males and females separately. The explanatory variables used
were log(age) (LAGEM and LAGEF for males and females respectively),

log(age) squared,
dummies referring to different education levels (EDM and EDF), and
an index variable referring to the sector of education (EDSECM and
EDSECF: 2-technical or business, 1-semi-technical or semi-business,

0-neither technical nor business).
Estimation results are mentioned in the appendix of this chapter. Making
use of actual before tax wage rates for workers and predicted before tax
wage rates for unemployed individuals, for each person a convex piecewise
linear approximation of the budget set was constructed.4) Again,
simplifying assumptions due to lack of information were necessary. Minor
non-linearities and non-convexities due to e.g. thresholds in deductables
were ignored, as well as unemployment benefits; only the basic system of
at most eleven income brackets was explicitly taken into account.

The labour supply model was estimated separately for males and
females by maximum likelihood using the algorithm of Berndt et al. (19~4).
Estimation results are given in Table 2.
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Table 1. Sample statistics

Variable Mean St. dev. Minimum Maximum Number

LOGFS 1.18 0.37 0.69 z.3o 849
(logarithm of family size)
DCHC6 0.26 0.44 0 1 849
(dummy children younger than 6)
LAGEM 3.65 0.26 3.00 4.14 849
(logarithm of age, male)
LAGEF 3.58 0.27 2.89 4.11 849
(logarithm of age, female)
L2AGEM 13.38 1.87 8.97 17-17 849
(LAGEM-squared)
L2AGEF 12.88 1.94 8.35 16.90 849
(LAGEF-squared)
EDM 2.78 1.08 1 5 849
(education level male)
EDF 2.35 i.oi 1 5 849
(education level female)
EDSECM o.95 0.99 0 2 ts49
(education sector male)
EDSECF 0.29 0.70 0 2 849
(education sector female)
wBATM . 15.97 5.80 6.87 59.47 8oi
(after tax wage rate, male)
WRATF „ 12.54 4.53 5.81 39.38 331
(after tax wage rate, female)
wxBTM ~, 27.90 13.80 8.94 174.55 8oi
(before tax wage rate, male)
wEtBTF „ 19.27 8.06 7.35 60.65 331
(before tax wage rate, female)
HM ; 42.07 6.70 4 71 801
(working hours per week, male)
HF ~27.29 12.52 2 60 331
(working hours per week, female)

M: working individuals only

The conditions p)0 and b(0, which are sufficient for coherency,
appeared not to be binding. The estimates for the wage rate coefficients
are significantly positive, implying that labour supply is forward
bending, for both males and females. The income effects have the expected
negative sign, and for females the coefficient differs significantly from
0. Both the wage and the income effect are stronger for females than for
males.5) The impact of family characteristics (family size and the
presence of young children) is insignificant for males and strongly
significant for females. The estimates imply that, ceteris paribus, labour

supply is maximal at 34 and 26 years of age for males and females
respectively. The estimated standard deviations of the random variables e

and v are significantly different from zero. For males in particular, the
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results suggest that random preferences are the most important source of
random variation of observed working hours.

Table 2. Estimation results of the Hausman model
(Standard errors in parentheses)

Parameter
p (wage rate) 0.51

Males Females
(0.17) 1.29 (0.44)
(0.0035)-0.0080 (0.0039)

(104) -489 (203)
(1.77) -31.8 (7.0)
(1.33) -21.4 (5.1)

(58) 325 (120)
(7.9) -50.0 (17.3)
(0.49) 19.19 (5.36)
(1.40) 12.77 (3.z3)

b (unearned income) -0.0055
ao (constant term) -153
al (LOGFS) 0.18
a2 (DCx(6) -0.94
a3 (LAGE) 108
a4 (L2AGE) -15.3
aE (random pref.) 12.93
a (other errors) 3.22v

Simulations and Computation of Dead Weight Loss

Table 3 provides sample means and a simulation of the actual 1985
situation in order to see to what extent the model is able to describe the
data. In this table, means of hours worked and average employment rates
are given for males and females divided into groups according to various
individual characteristics. Sample means of hours worked (zeroes included)
in column 2 can be compared with simulated means (column 3) in which both
sources of random variation are taken into account.6) The results show
for instance that for females the model captures the differences in hours
worked between people of different levels of education to some extent but
not completely. This may be a consequence of the fact that education was
not included as an explanatory variable ín the vector X of individual
characteristics but it may also be due to the restrictive way in which
hours are allowed to depend on the wage rate. The differences in the
average numbers of hours worked for different age levels and family sizes
appear to be well captured. For males, there are hardly any differences
left to be explained.
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Table 3. Simulation of the actual 1985 situation

Males 1 2 3 4 5 6
A11 males: 849 39.70 39.40 0.943 0.999 0.999
Educ. level: 1 134 37.69 39.3i 0.903 0.999 0.999

2 167 37.05 38.94 0.910 0.999 0.998
3 34z 40.54 39.05 0.965 0.999 0.999

~ 4 206 41.75 40.42 0.961 i.000 1.000
Age: ( 30 154 39.60 39.09 0.955 0.999 0.999

30-39 300 40.83 40.40 0.96o i.o0o i.ooo
40-49 225 39.96 39.94 0.924 0.999 0.999
~ 50 170 37.43 37.23 0.929 0.999 0.998

Family size: 2 263 39.98 39.18 0.958 1.000 1.000
3 140 38.7i 39.30 0.929 0.999 0.998
4 282 38.85 39.75 0.929 0.999 0.999

~ 5 164 41.52 39.25 0.957 0.999 0.999
Females
All females: 849 10.64 9.94 0.390 0.487 0.412

Educ. level: 1 217 6.73 7.75 0.290 0.403 0.332
2 223 6.94 8.77 0.278 0.452 0.374
3 322 i3.26 ii.3o 0.450 0.522 0.452

~ 4 87 2o.i8 13.38 0.701 0.660 0.557
Age: C 30 226 20.35 18.25 0.593 0.709 0.637

30-39 296 7.84 8.34 0.334 0.445 0.372
40-49 212 7.66 5.71 0.330 0.388 0.306
~ 50 115 4.25 5.53 0.243 0.344 0.266

Family size: 2 263 23.32 21.30 0.711 0.821 0.741
3 140 6.71 7.64 0.329 0.486 0.390
4 282 5.65 5.24 0.277 0.371 0.289

~ 5 164 2.25 1.76 o.i22 o.i53 0.113
Explanation.
column 1: number ín the sample

2: hours worked, sample mean
3: hours worked, simulated
4: employment, sample
5: desired employment, simulated
6: actual employment, simulated

The other columns of Table 3 refer to employment rates, i.e. the
sample employment rate (column 4) and the simulated employment rates, with
only random preferences taken into account ( column 5) and with both
sources of random variation taken into account (column 6). The numbers in
column 5 may be interpreted as probabilities of desired employment. Actuel
observed employment may differ from this because of the error sources
included in v, i.e. demand side restrictions, measurement errors,
suboptimal behaviour, etc. For females, predicted employment is slightly
larger than the observed employment in the sample. Again, the fact that
differences in preferences between females of different education levels
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are not fully captured by the model becomes apparent. For males, the model
hardly appears to explain any unemployment at all. The predicted
employment rate exceeds o.99~ for all groups, whereas the actual
employment rate in the sample is o.944. This shortcoming of the model may
e.g. be due to the fact that fixed costs of working are not incorporated
or to the fact that demand side restrictions as a source of involuntary
unemployment are not explicitly taken into account.

Table 4 shows the consequences of a lOx increase of all after tax
wage rates. The aggregate average number of hours worked (zeroes included)
would increase by 6.6x for females and by 1.2x for males. In relative
terms, the change is similar for groups with different education levels,
age or family size. The relatively large increase of female working hours
is partly explained by the r3se in the average employment probability of
5.6X. For males, the simulated employment rate was already almost equal to
one before the wage increase and therefore hardly changes. A simulation of
a lOX decrease of after tax wage rates yields results that are almost
symmetric to the results presented in Table 4. The aggregate average of
hours worked falls by 6.3X for females and 1.2z for males.

Income elasticities are computed in the same way. A lOz rise of all
unearned incomes (virtual incomes due to the tax system excluded) leads to
a fall in average hours worked for males of only O.lx. For females, the
fall is 2.3x, mainly because the employment rate falls by 2.1z.

Whereas Table 3 contains information on average numbers of working
hours, Figures 1 and 2 refer to the actual and simulated distributions of
working hours. Frequencies of zero hours of work are not included in the
figures (these frequencies can be obtained from Table 3). In the figures
we present, for males and females separately, the sample distribution of
working hours and two different simulated hours distributions: the one
with all sources of random variation taken into account, i.e. the
distribution of h~'s given by (3), and the distribution of the h~'s given
by (6.2). The latter can be interpreted as the distribution of desired
working hours, since the errors included in v~, which reflect several
sources of deviations from optimal behaviour, are not taken into account.
The gap between desired hours frequencies and simulated actuel frequencies
for females reflects involuntary unemployment, as far as explained by this
model: A negative realization of v. implies that someone who would like to

J
work few hours a week does not actually work. In this model the
probability of involuntary unemployment thus is a strongly decreasing
function of desired labour supply.
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Table 4. Simulation of a lOX increase of after tax wage rates

Males Females
1 2 3 1 2 3

nll: 39.89 0.999 0.999 io.59 0.513 0.434
Educ. level: 1 39.77 0.999 0.999 8.26 0.427 0.350

2 39.40 0.999 0.999 9.36 0.478 0.393
3 39.54 0.999 0.999 11.99 0.547 0.476

~ 4 40.94 1.00o i.ooo 14.35 0.691 0.595
Age: ~ 30 39.53 0.999 0.999 19.09 0.729 0.654

30-39 40.88 l.ooo i.ooo 8.97 0.470 0.396
40-49 40.44 0.999 0.999 6.29 0.419 0.333
~ 50 37.74 0.999 0.999 5.98 0.372 0.290

Family size: 2 39.64 1.000 1.000 22.23 0.837 0.762
3 39.78 0.999 0.999 8.36 0.524 0.424
4 4o.z5 0.999 0.999 5.81 0.403 0.314
5 39-76 0.999 0.999 2.04 0.174 o.i26

Explanation.
column 1: hours worked, simulated

2: desired employment, simulated
3: actual employment, simulated

Figures 1 and 2 show that the model is not able to explain the
spikes at 40 hours of work for males and females and at 20 and 32 hours of
work for females. This is a usual shortcoming of empirical labour supply
models in The Netherlands which do not take into account any forms of
hours restrictions and it motivates the explicit modelling of such
restrictions. This will be discussed in the next section.

In order to see to what extent the actual tax system is inefficient
compared to lump sum taxation, the dead weight loss (DWL) is calculated.
The calculations are based on the measure introduced by Kay (1980) and
Pazner and Sadka (1980). DWL is defined as the equivalent variation (EV)
associated with the tax system minus the revenue raised by the tax system,
where EV is defined as the maximum lump sum tax the individual would be
willing to pay instead of actual taxes on labour income (see also, e.g.,
Hausman, 1981b). This definition of EV and DWL for the special case of
piecewise linear progressive income taxation is illustrated in Figure 3.
Here wi denotes the before tax wage rate, which is assumed to be equal to
the after tax wage rate along the first income bracket. N denotes the

individual's non-labour income, not including virtual components due to
the tax system. The maximum utility level which can be attained under the
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actual tax regime is u1-U(h`,c`). The equivalent variation is given by N-
e(wl,ul), and DWL is the difference between EV and the amount of taxes
paid under the actual system ('Tax'). Contrary to the measure based on the
compensating variation introduced by Diamond and McFadden (19~4), this DWL
measure starts from the maximum utility level which can be attained under
the actual system (ul) and does not rely on the imaginary utility level
which could be attained in a world without taxes.

c

,é(wl,ul)
h`

u-U(h~'c.)-ul

h

Figure 3. Deadweight loss in the Hausman model

The results of DWL calculations are mentioned in Table 5. DWL was
calculated 10 times for each individual, with different random drawings of
E. The random variation through v was not taken into account. For a given
individual and given E, h` and corresponding consumption c` were
determined using (6.1) and (6.2). Then (6.4) and (6.5) were used to
compute EV. The table contains the average DWL for groups with different
characteristics, in absolute terms (Dfl per week, col. 6) as well as in
relative terms, i.e. as a fraction of the tax revenues ín the original
system (col. ~). The average DWL is approximately 32.6X and 30.3X for
males end females respectively oF the average amount of taxes paid
according to the actual system. As was to be expected, DWL is highest for
people with large labour supply, since their marginal tax rate is largest.
For the same reason, one would expect DWL for males to exceed DWL for
females. This is true in absolute terms but not in relative terms, because
the female's own wage elasticity is larger than the male's. The effect on
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hours worked of changing the actual tax system into a system of lump sum
taxes is illustrated in columns 2 and 3 of the table, which contain

average predicted numbers of working hours for the actual and the lump sum
system. The larger the differences between the numbers in these columns,

the larger are the dead weight losses. DWL was also calculated ignoring
random preference variation, i.e. with both e and v set equal to 0. The

results were quite similar to those mentioned in Table 5.

Table 5- Dead weight loss calculations Hausman model

Males 1 2 3 4 5 6 7
All males: 849 39-39 45.88 i91 253 62 0.33

Educ. level:l 134 39.26 43.35 111 132 21 0.19
2 167 38.90 43.31 120 141 21 0.18
3 342 39.03 44.90 16g u3 44 0 25

~ 4 zo6 40.45 51.z5 336 489 153 0.45
Age: C 30 154 39.08 42.91 110 124 14 0.12

30-39 300 40.34 47.16 203 268 65 0.32
40-49 2z5 39.89 47.96 z45 343 98 0.40
~ 50 170 37.3z 43.58 171 zz5 54 o.3z

Family size:2 263 39.20 44.40 155 187 32 0.21
3 140 39.31 45.54 18i 236 55 0.30
4 z82 39.78 46.93 z10 280 70 0.33

~ 5 164 39.08 46.7z 224 328 io4 0.46
Females
All females: 849 9-33 11.11 16 21 5 0.30

Educ. level:l 217 7.24 8.22 9 10 2 0.18
2 223 7.92 9.19 11 13 2 0.22
3 3z2 10.73 12.80 20 z6 6 0.30

~ 4 87 1z.92 17.01 36 53 i6 0.45

Age: ~ 30 226 17.77 20.74 32 38 7 0.21
30-39 296 7.65 9.56 16 24 7 0.44
40-49 212 5.20 6.18 6 8 2 0.31

~ 50 115 4.67 5.26 4 5 1 0.24

Family size:2 263 20.75 24.63 41 52 11 0.26
3 140 6.75 8.17 10 14 5 0.53
4 28z 4.54 5.46 5 8 z o.46

~ 5 164 1.44 1.66 1 i o 0.34

Explanation:
column 1: number in the sample

2: hours simulated, actual tax system
3: hours simulated, lump sum taxes
4: taxes, actusl system (Tax) (Dfl per week)
5: taxes, lump sum (EV) (Dfl per week)
6: dead weight loss (EV-Tax) (Dfl per week)
7: (EV-Tax)~Tax
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The estimation results of the model considered in this section are
satisfactory in the sense that all parameter estimates have the expected
signs. Moreover, estimated wage and income elasticities are largely in
accordance with what we would expect intuitively. On the other hand
however, simulation of the actual situation and in particular the figures
comparing sample distributions with simulated distributions reveal
important shortcomings of the model: It does not capture the spikes in the
male and female hours distribution and it cannot explain unemployment
among males. In order to test the specification of the model formally, it
was also estimated using information on employed individuals only
(maximizing a conditional likelihood function). For males as well as
females, some of the resulting parameter estimates were quite different
from the original ones and standard errors of the estimates were smaller
instead of larger. Therefore, the formal Hausman test statistics (see
Hausman, 1978) were not computed, but the misspecification intuitively
became more apparent. These estimation results are mentioned in Appendix
B. The figures in this appendix show that these estimates still imply that
the spikes in the male and female hours distribution are not explained.

Several extensions of the model can be suggested to overcome the
shortcomings. In our opinion, the explicit incorporation of binding
constraints on working hours seems a very important one, at least in The
Netherlands. This approach is taken in the remainder of this chapter.

6.3. A Model with Demand Side Restrictions

The labour supply model discussed in section 2 takes account of tax
laws in describing the budget constraint. In this section we present a
model which also explicitly captures demand side restrictions by modelling
the limited availability of jobs with different, distinct, numbers of
hours. Examples of labour supply models in which hours restrictions and
involuntary unemployment are taken into account are Moffitt (1982), Ham
(1982) and Blundell et al. (198~). The model studied here is largely based
on a paper by Dickens and Lundberg (1985).

The Fxtended Model

The starting point is the Hausman model, described in equations
(6.1)-(6.2). The error term v, representing, among other things,
deviations between actual and preferred numbers of hours due to demand
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side or institutional restrictions, is omitted. Instead, demand side
restrictions are explicitly modeled by means of job offer opportunities.
Another difference with the standard Hausman model is that the number of
working hours is treated as a continuous variable instead of a discrete
one. In this section we consider numbers of hours at 4-hour intervals,
i.e. 0, 4, 8, etc. In what follows, we use the subindex ~E to denote the
hours points h. Thus, .~-0 corresponds with h-0, .C-1 with h-4, .i-2 with
h-8, etc. For clarity of presentation we omit both the index j, referring
to the individual, and the index i , referring to the budget segment (see
equation ( 6.1)).

We assume that employers offer jobs with given numbers of hours.
Individuals thus face a given set of employment opportunities. We assume
that the probability distribution of job offers is the same for all males
aiid for ail fesales. The probability that one jch cffer invclves h~(:0)
working hours is:

Pr[one job offer h-h~] - p~ , .t-1,...,m. (6.6)

Here m is the number of different values of working hours h~)0. An
individual receives N job offers which are not necessarily different, i.e.
he or she may for example receive N job offers which all require 40 hours
per week. The probability of this event (conditional on N) is pi0 (~-10
corresponds to h-40). The number of job offers an individual receives, N,
is assumed to be a drawing from a binomial distribution B(Nm~,Pof). The
maximum number of job offers Nm~ is fixed at 10.7)

In this context the labour supply decision becomes a discrete choice

between N opportunities, drawn from the distribution of job offers, or not
working:

h- hk iff U(hk,ck) ) U(h~,c~) for all ~ in the range
of received job offers and for .~-0.

(6.7)

Here c~ is the consumption level corresponding to h~. If there are no
hours constraints, i.e. if an individual can choose a~ number of hours,
then (6.7) holds for all .~. In general, the individual maximizes utility
on a subset of possible numbers of hours only. If N-O, this subset
contains only one element: zero hours. In this way the model allows for
involuntary unemployment. The main idea of the model is that an individual
is only observed to work hk()0) hours if he or she received at least one
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job offer hk and prefers this job offer to unemployment and to all
different job offers which were received. The individual does not work if
he or she prefers zero hours of work to all received job offers (or if no
offers were received).
The likelihood contribution of a given observation is a function of:

- parameters of the utility function (~, b, ~, 6E),

- the parameters pk (k-0,...,m) of the probability distribution of
the number of hours per job offer,

- the parameter Pof determining the probability distribution of the
number of job offers.

In this model there are three sources of randomness:
- e: representing stochastic preferences,

- N: the number of job offers,
- the offered numbers of hours.

Let Rk(e,N) be the conditional probability of observing h-hk, for given e
and N(k-0,...,m). It is straightforward to determine Rk(e,N) from (6.~),
since for given preferences (i.e. given e), it is easy to check for each
,C~ck whether U(hk,ck) exceeds U(h~,c~) or not. Since e is not observed, the
likelihood of observing h-hk hours given N is the mean of Rk(e,N):

L(h-hk~ N) - J f(e) Rk(e,N) de, (6.8)

where f is the density function of e(~ N(O,vÉ)).
For random N the likelihood function is given by:

Nmax
L(h-hk) - ~ L(h-hkl N) p(N)

N-0
(6.9)

where p is the probability function corresponding to B(Nmax' Pof)'
Since L(h-hk~ N-0) - 0 if hk~0, the likelihood contribution of someone who
works hk)0 hours is

Nmax
L(h'hk) - ~ L(h-hkl N) p(N)

N-1
(6.10)

Since L(h-0~ N-0) - 1, the likelihood contribution of someone who does not
work is



- 115 -

Nmax
L(h-0) - p(0) t~ L(h-0~ N) p(N)

N-1
(6.11)

The two terms in (6.11) reflect that unemployment can either be due to the
fact that no job offers are received or to the fact that all job offers
received are less attractive than not working.

For more details about the model and the likelihood function, see
Tummers and Woittiez (1988). The main difference with the model considered
in section 6.2 is the fact that the error term v is replaced by a job
offer mechanism. Thus, an alternative explanation is given for differences
between actual and desired labour supply. Instead of assuming that these
deviations are random drawings from a normal distribution, flexibility is
added in the sense that correlation is allowed for of deviations between
aciuai aiid desired working hcurs with desired labour supply.

As in the model in section 6.2, the distinction between desired and
actual labour supply hinges on identifying assumptions, since no direct
information on desired behaviour is used. In the model in this section,
which we will refer to as the extended model, an important identifying
assumption is that the job offer distribution does not depend on
individual characteristics such as age, education, ete. Conclusions about
desired labour supply should therefore be interpreted with caution.
Desired hours are merely introduced as a tool. Throughout this chapter,
actual hours the observed endogenous variable, and actual labour supply
behaviour is what we aim to explain.

Estimation Results

Table 6 presents estimation results of the extended model described
above. It was estimated for males and females separately with the data
described in section 2. As said before, working hours are treated as a
discrete variable. To each of the possible numbers of hours hk~0
corresponds a probability pk as defined in (6.6). In order to reduce the
number of parameters to be estimated, several pk's are set equal to each
other. Thus, for example, it is assumed that jobs involving 4, 8, 12, or
16 hours per week are offered with the same probability. For the exact
assumptions about the pk's see the upper panel of Table 6. The maximum
number of hours offered is set equal to the sample maximum of hours
worked, i.e. ~2 for males (m-18) and 60 for females (m-15).
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Table 6. Estimation results of the extended model
(Standard errors in parentheses)

Males Females
job offersl)
p1-...-P4 (4.8,12,16) 0.0009 (0.0005) 0.012 (0.0039)
p5 (20) 0.002 (O.ooi) 0.030 (0.001)
P6-P7 (24,28) 0.001 (0.0004) 0.015 (0.005)
P8 (32) 0.003 (0.001) 0.050 (0.017)
P9 (36) 0.006 (0.001) 0.036 (o.oi3)
p10 (40) o.z97 (0.132) 0.302 (0.083)
pii (44) 0.309 (o.o6z) 0.130 (0.042)
p12-..-pm (48,..,4m)2) 0.054 ( --- )2) 0.094 ( -- )2)
Pof 1.0 ( --- )3) 0.395 (0.143)

preferences
p (wage rate) 0.405 (0.242) 0.768 (0.243)
b (unearned income) -0.0007 (0.003) -0.0041 (0.0013)
a0(constant) -259. (109.) -172.1 (85.5)
a1(LOGFS) -0.141 (1.733) -14.1 (3.1)
a2(DCH~6) -0.899 (1.287) -9.03 (2.22)
a3(LAGE) 167. (61.) 126.0 (49.9)
a4(L2AGE) -23.7 (8.4) -19.8 (7.2)
oE(random pref.) 11.91 (0.98) 7.71 (1.96)

Notes.
1) the number(s) of working hours to which the probabilities correspond

are given in parentheses.
2) m-18 for males and m-15 for females; p12-..-pm is determined by the

other probabilities because probabilities add up to one. Therefore, no
standard error is computed.

3) since the estimate is at its upper bound, no standard error is
computed.

The number of job offers an individual receives is a random drawing
from the binomial distribution B(lO,Pof). The estimated value of Pof is 1
(upper bound) for males and o.395 for females. This implies that a man
always receives 10 offers, while a woman on average receives about 4 job
offers only. The figures in Table 6 imply that most job offers involve 40
or more hours per week. The estimates for p12-...-pm seem rather large,
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for both men and women, and imply that almost everyone has the opportunity
to work 48 hours or more. These large numbers however do not necessarily
imply that many people actually work so many hours, since preferences are
such that these offers will rarely be accepted (see below).8)

The lower panel of Table 6 contains estimated parameter values of

the utility function. For .females, ell estimates are significantly

different from zero, but, in absolute value, smaller than the

corresponding ones in the standard Hausman model. A common finding for

both models is that the presence of children strongly reduces (ceteris

paribus) the female's desired number of working hours, whereas for males

family characteristics only play a minor role. Moreover, the age profiles

of preferred hours are well in line with those found in section 6.2. Hours

rise with age until about 32 years for men and 25 years for women.

Therc is .. .emarkable difference between the esr.imar.PS for oE for
females in the two models. Random preferences for females are much less
important according to the results for the extended model than according
to the results for the standard model. Variation of working hours is,
according to the extended model, much more a consequence of varying
restrictions than of varying preferences.

Simulations

Table ~ provides simulation results of the extended model. This
table can be compared with Table 3. An extra column is added with
simulated desired working hours. The main differences between the
simulations with the model in section 6.2 (Table 3) and the extended model
considered in this section (Table 7) are:
- The extended model explains differences in hours worked between people
of different education levels to a larger extent.

- Desired employment for females is much larger in the extended model
than in the standard model, implying that according to the extended
model females are strongly restricted in their choice: There is a lack
of jobs with a limited number of hours (See also Figure 5 below).

- Contrary to the standard model, the extended model is able to explain
the 6X unemployment rate among males. Simulated desired employment is
close to one, and unemployment is explained by hours constraints. All
males receive 10 job offers, but for some of them all offers involve an
unattrsctively large number of working hours. These people thus choose
not to work.
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Table 7. Simulation of the actual 1985 situation

Males 1 2 3 4 5 6 7
All males: 849 39.70 37.01 40.25 0.943 0.999 0.944
Educ. level: 1 134 37.69 36.06 39.37 0.903 0.998 0.931

2 167 37.05 36.41 39.70 0.910 0.999 0.936
3 342 40.54 37.11 40.33 0.965 0.999 0.945

~ 4 206 41.75 37.95 41.13 0.961 0.999 0.958
Age: C 30 154 39.60 36.54 39.80 0.955 0.999 0.937

30-39 300 40.83 38.55 4i.51 0.960 0.999 0.960
40-49 zz5 39.96 37.53 40.74 0.924 0.999 o.95z
~ 50 170 37.43 34.05 37.78 0.929 0.998 o.91z

Family size: 2
3
4

~5

z63 39.98 36.36 39.67 0.958 0.999 0.935
140 38.71 36.69 39.96 0.929 0.999 0.940
z8z 38.85 37.62 40.78 o.9z9 0.999 0.952
164 41.52 37.29 40.50 0.957 0.999 0.948

Females
All females: 849 10.64 12.45 10.89 0.390 0.825 0.396

Educ. level: 1 217 6.73 10.18 8.01 0.290 0.753 0.313
2 223 6.94 1i.75 9.69 0.278 0.822 0.366
3 32z 13.z6 13.50 12.35 0.450 0.850 0.435

~ 4 87 20.18 16.05 15.72 o.7oi o.925 0.534
Age: ~ 30 226 20.35 18.74 20.11 0.593 0.928 0.636

30-39 296 7.84 11.34 9.17 0.334 0.816 0.354
40-49 z12 7.66 9.60 6.50 0.330 0.794 0.283
~ 50 115 4.z5 8.24 5.27 0.243 0.707 0.238

Family size: 2 63 23.32 20.72 22.82 0.711 0.976 0.717
3 i4o 6.71 11.59 8.59 o.3z9 0.878 0.356
4 z8z 5.65 9.34 5.87 0.277 0.805 0.269

~ 5 164 z.z5 5.30 2.35 0.122 0.575 0.133
Explanation:
column 1: number in the sample

2: actual hours worked, sample mean
3: preferred hours, simulated
4: actual hours worked, simulated
5: employment, sample
6: desired employment, simulated
7: actual employment, simulated

The consequences of a lOz increase in all after tax wage rates are
presented in Table 8. It shows a small increase (1.Ox) in hours worked for
men, and a larger increase (7.9z) for women. These results are similar to
those in the Hausman model. It is interesting to see that for females the
elasticity of the average actual number of working hours with respect to
the own wage rate is larger than the corresponding elasticity of desired
hours (5.9X). This may be explained by the fact that the choice set is
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discrete. Some females will not react at all if their wage rate increases,
but for others the discrete 'jump' may exceed the rise in preferred hours.
Apparently, the second effect slightly dominates the first.

Income elasticities are obtained in the same way. If unearned incomes
rise with lOX, male labour supply hardly changes. For females, actusl
hours and employment decrease by 2.3X and 2.OX respectively. Preferred
hours and employment fall by 2.OX and 1.OX.

Table 8. Simulation of a lOX increase of after tax wage rates

Males Females
1 2 3 4 1 2 3 4

All: 37.48 40.64 0.999 0.949 13.18 11.75 0.849 0.421
Educ. leval: 1 36.49 39.75 0-999 0.936 10.81 8.71 0.779 0.335

2 36.84 40.08 0.999 0.941 12.46 10.52 0.846 0.392
3 37.57 40.72 0.999 0.950 14.25 13.24 0.873 0.460

~ 4 38.47 41.55 l.ooo 0.963 16.97 16.97 0.942 0.568
Age: c 30 36.94 40.15 0.999 0.942 19.45 21.03 0.939 0.658

30-39 39.01 41.88 i.ooo 0.964 12.11 l0.l0 0.84z o.383
40-49 38.01 41.13 0.999 0.957 10.35 7.33 0.824 0.311

~ 50 34-54 38.25 0.998 0.920 8.84 5.92 0.734 0.260
Family size: 2 36.79 40.05 0.999 0.941 21.45 23.88 0.980 0.740

3 37.16 40.36 0.999 0.946 12.35 9-61 0.898 0.387
4 38.10 41.17 0.999 0.957 10.10 6.71 0.835 0.297

~ 5 37.78 40.90 0.999 0.953 5.93 2.79 0.620 o.i52
F.:cpl anation .
column 1: preferred hours, simulated

2: actual hours worked, simulated
3: desired employment, simulated
4: actual employment, simulated

In a final simulation we analysed the consequences of relaxing hours
restrictions in the sense that more part-time jobs are available, i.e.
jobs involving 20 hours per week. According to the estimation results, the
probability that at least one 20 hours a week job is offered is 2.3X for
males and 11.4X for females. Table 9 shows what happens if the value of p5
(the probability that one offer involves 20 hours) rises so much that the
probability of receiving at least one offer of 20 hours becomes 0.5.9)

Because restrictions are relaxed, actual hours move towards preferred
hours. Thus many of those who prefer to work part-time but, because there
was no part-time job opportunity, either did not work or worked full-time,
will now be able to find a 20 hours job. Unemployment and full-time work
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will fall in favour of part-time work. For males, the fall in the number
of full-time workers dominates, and average working hours decrease for all
age and education categories. 12.5x of all males will choose to work 20
hours a week. For females, the fall in the number of people who do not
work dominates and the average number of working hours rises for all
groups. Unemployment falls by 15x, and 23.5x of all women will work 20
hours.

Table 9. Simulation of an increase of the number of part-time job offers

Males Females
1 2 1 2

All:

Educ. level: 1
z
3

~4
Age: ~-30

30-39
40-49
~ 50

Family size: 2
3
4

?5

38.80 0.968 11.54 0.486
37.89 0.959 8.90 0.399
38.23 0.963 10.58 0.461
38.89 0.968 12.80 0.523
39.71 0.976 15.94 0.631
38.34 0.963 19.39 0.711
40.18 0.977 1o.i4 0.451
39.31 0.973 7.85 0.382
36.12 0.948 6.54 0.326
38.18 o.96z zi.87 0.798
38.50 0.965 10.08 0.475
39.37 0.972 7.40 0.372
39.07 0.970 3.35 o.i9o

Explanation~
column 1: actual hours worked, simulated

2: actual employment, simulated

The parameter estimates in the lower panel of Table 6 were used to
simulate the distribution of preferred hours, given in Figures 4 and 5 for
men and women respectively. These figures can be compared with the
simulated hours distributions without measurement or optimization errors,
presented in Figures 1 and 2. The two distributions are very similar apart
from differences due to the different desired employment probabilities
which we already discussed (See Table 7).

The simulated distribution of actual working hours is obtained by
combining demand side (the offers distribution) and supply side of the
model (preferred hours). Comparison with the sample distribution of actual
hours shows that the predicted hours distribution is very well in line
with the data. The assumption in the Hausman model that both random
variables are normally distributed and that v is independent of (both the
systematic and random component of) h~ results in an hours distribution
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which is too smooth. In the extended model this is no longer the case.
Note that the fact that the extended model has a larger number of
parameters makes it easier to produce a good fit.
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Figure 4. Distribution of working hours per week,
males, extended model



- lzz -

frequency (in 9~)

1t

in

0 y
2 10 19 28 34

number of hours

ts

14

0

s

4

Y-

0

:
~r

~s

~-~-~ SarrLpóe distributi,on.
0-4-0 Stirnula.ted, a.ctua.l hours

~~izSST

42 50 58 88 74

Sim.ula,ted, preferred hours

Lr i i ~ i i ~ r ~
2 10 18 28 34 42 50 58 88 74

number of hours

Figure 5. Distribution of working hours per week,
females, extended model

Figures 4 and 5 display information about workers only. Let us now
focus on the 61X of females and 5.6X of males who do not work. The
extended model predicts an unemployment rate of 60.5X and 5.5X for females
and males respectively. Table 10 yields information on how these numbers
come about. In the first column the simulated actual working hours
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distribution is given, and in the second the simulated preferred hours
distribution. Only 17.5X of all females prefer not working to any positive
number of working hours. The remaining 43X of predicted non-workers is due
to hours constraints. The majority oF all females, 54X. would prefer to
work between 4 and 16 hours per week.

Jobs requiring such low number of hours however, are rarely offered:
The last column contains the probability that the choice set contains the

N
number of hours h~, i.e. 1-(1-Pofp~) m~ (,i-1,...,m). This column again
shows that for almost everyone the choice set contains the opportunity of
working full-time or more, but that many do not have the option of working
part-time. Intuitively, the fact that firms are reluctant to offer jobs
with few hours a week can be explained by fixed employer costs for each
separate employee. Finally, we note that women get offers with few hours
more frequently than men. This is in line with the type of job often heici

by women: Relatively more often than males, females work in the service
sectors, where part-time jobs are more common than in e.g. the
manufacturing sectors.

Table 10. Simulated actual and desired hours distributions
and job offer probabilities (Probabilities x 100)

males females
hours(h~) actual pref, offered actual pref. offered

0 5.58 o.ii o.9 60.44 17.45 -
4 0.07 0.20 0.9 2.40 11.19 4.6
8 0.10 0.54 0.9 z.5o 15.50 4.6
12 0.13 1.24 0.9 2.47 16.32 4.6
16 0.17 2.59 0.9 z.31 12.11 4.6
20 0.59 4.70 2.4 5.33 9.94 11.3
z4 o.3z 7.38 i.i 2.32 7.67 5.8
28 0.38 10.30 1.1 1.96 5.12 5.8
32 1.42 12.71 3.4 5.07 2.86 18.1
36 2.71 13.85 5.8 2.64 1.26 13.3
40 54.25 13.35 97.0 1o.z4 0.44 72.3
44 17.5z 11.49 97-5 1.41 o.i2 4z.o
48 5.29 8.73 42.5 0.50 0.02 34.1
52 4.46 5.88 42.5 0.23 0.00 34.1
56 3.16 3.53 42.5 0.10 0.00 34.1
60 1.96 1.89 42.5 0.04 0.00 34.1
64 i.o9 0.90 4z.5 O.o2 0.00 34.1
68 0.55 0.38 42.5 0.01 0.00 34.1
72 0.25 0.22 42.5 0.00 0.00 34.1

In the extended model the lack of people working only a few hours

is explained by hours constraints. Obviously, this explanation hinges on
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identifying assumptions. An alternative explanation may for instence be
the existence of fixed costs at the supply side of the labour market, such
as costs of child care, etc, which are not taken into account in either
the model in section 6.2 or the model in this section.

Dead weight loss calculations

When dead weight losses are calculated, restrictions on working

hours are usually ignored. Since the extended model explicitly takes them

into account, it seems natural to incorporate the hours restrictions also

in the calculation of DWL. We therefore introduce a measure of DWL which

is the appropriate substitute for the measure used in section 6.2 in case

of a finite set of job opportunities with corresponding consumption

determined by the progressive piecewise linear tax system. The measure we

introduce shares the characteristic of the measure used earlier, in that

the only indifference curve that matters is the one corresponding to the

maximum utility level which can be attained under the actual tax system.

In this way, the measure depends on the substitution effect only, and does

not rely on income effects.
Let us first consider the case in which individual preferences are

known with certainty (i.e. E is given) and the finite set of job offers is
given, í.e. the individual chooses the best point in the finite set
{(h~,c~),(hl,cl),...,(hN,cN)}, where 0-h~(hl(...ChN and ci denotes
consumption corresponding to hl according to the actual tax system.10) The
two figures below show what DWL may look like. Figure 6 refers to a person

2 2with a choice set containing six points. The optimal choice is (h ,c ), as
can be seen from the indifference curve corresponding to utility level
U(h2,c2), i.e. the curve through points A, E and C. Taxes paid will thus
equal T1. (Note that in the first tax bracket no taxes are paid, so the
before tax wage rate equals wl, the after tax (marginal) wage rate
corresponding to the first bracket.)

If the tax system were replaced by a lump sum tax of the same
amount T1, the individual's choice set would consist of six points on the

2 2 it can beline through A and B. From the indifference curve U-U(h ,c ),
seen that the individual would then choose to work either h3 or h4 hours.
The way in which the other two indifference curves are drawn in the figure
implies that he would prefer h4 and would end up at point B. Thus, utility
would rise and if the lump sum tax would be raised a bit above T1, he
would still be better of than in case of the actual system. DWL is defined
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as the answer to the question 'how much more would the taxed consumer at

most be willing to pay as a lump sum rather than in the form of labour

taxes (hours restrictions taken into account)?' If the lump sum is raised

to T14BC (i.e. the distance between the points B and C), and if the

individual would in that case still choose to work h4 hours, than he would

be just as well off as under the original system. But he can do better by

choosing h3 hours and moving to point D. Thus, if the lump sum is raised

even further with the amount DE, the individual will still attain utility

U(h2,c2). EV is thus given by T1.EF and DWL is given by EF, which is the

maximum vertical distance between points corresponding to job

opportuníties on the line through A, F and B(the line through the

original optimum with slope wl) and the indifference curve through A, E

and C(the indifference curve corresponding to the maximum utility level

unàer the original tax regime). Let ï.2j bé the ccnsumption level defir.cd

implicitly by

U(h2,c2) - U(h~,c2j)

DWL is then given by
DWL - Max {wlh~i c~- c2j} - T

j-2,...,N

(j-2.....N) (6.12)

(6.13)

In Figure 6, the maximum is attained for j-3. Note that this definition of

DWL does not depend on the pattern of indifference curves other than the

one through the original optimum; the other two indifference curves in

Figure 6 only serve as an illustration but do not affect the outcome of EV

and DWL.
If in the case referred to by Figure 6(h3,c3) and (h4,c4) were

omitted from the choice set, then DWL would be zero. In that case, the
individual would still work h2 hours if the tax system was replaced by a
lump sum T. This suggests that because of the inflexibility due to hours
constraints DWL in presence of these constraints will tend to be lower
than in case of free choice.

The reverse however is also possible, as is illustrated in Figure
~. This figure refers to someone with a choice set consisting of two
points only. Confronted with the actual tax system, this person chooses
not to work and pays no taxes, but still the dead weight loss is non-zero.
Under the appropriate lump sum regime, the individual will work hl)0 hours
and pay a lump sum wlhltcU-cl)0. On the other hand, DWL would be zero if
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hours worked could be chosen freely, since in that case the individual
would work h~ hours and changing the tax system would have no effect.

Figure 6. Dead weight loss for a finite set of job offers

Figvre ~. Dead weight loss for someone who dces not wrk
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It is straightforward to extend the examples given above to the 'general
case' with preferences given by (6.4), for known E and given job offers
{(h0,c0),(hl,cl),...,(hN,cN)}: For i,j E{0,...,N}, i(j, let cl~ be
defined by

U(hl,cl) - U(h~,cl~) (6.14)

iAn explicit expression for c ~ is easily derived from (6.4):

c11- 12 [{~-bh~}{U(hl,cl)41og(~-bh~)} . b{h~-X'a-e}] (6.15)
b

i~ i~Let (h ,c ) be the utility maximizing choice. DWL is given by

DWL - Max {wih~r ce- cl~~} -{wlhi~t c~- cl} -
j-i`, ...N

- Max {wi(h~-hl~) t C1- Clrj}.
j-i~, ..,N

(6.16)

If preferences or the set of job offers are not fixed, we assume
that the lump sum can be adjusted exactly to each possible realisation of
the random preference term E and to each set of job offers, and we are
interested in the expectation of DWL, which can be written as

E{DWL} - EE{E{DWL~e}} -
J f(e) E{DWL~E} de. (6.1~)

Computation of E{DWL~e} involves taking the expectation with respect to
the discrete distribution of job offer opportunities. This can be done
analytically but involves some technical details, similar to those
encountered in writing down the likelihood function of the model (see
Tummers and Woittiez, 1988). An analytical expression for E{DWL~e} is
derived in Appendix C. Since this expectation is a complicated function of
e, it is not possible to compute the integral in (6.1~) analytically.
Therefore, for each individual 10 values Ej (j-1,...,10) are drawn
randomly from a N(0,6~)-distribution and E{DWL} is approximated by
1 10
10 ~ E{DWL~ej}.

j-1
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Table 11. Dead weight loss calculations

Males 1 2 3 4 5 6 7 8 9
All males: 849 40.28 42.71 203 224 22 0.11 0.944 0.954

Educ. level:l 134 39.17 40.82 116 124 8 0.07 0.922 0.933
2 167 39.56 41.33 127 135 8 0.06 0.931 0.942
3 342 40.51 42.75 184 200 17 0.09 0.947 0.956

~ 4 206 41.u 44.98 351 4oz 50 o.i4 0.963 0.974
Age: ( 30 154 39-73 41.05 115 119 4 0.04 0.935 0.940

30-39 300 41.66 44.30 218 241 23 o.il 0.961 0.971
40-49 225 41.13 44.08 259 293 34 0.13 0.961 0.969
~ 50 170 37.20 39.58 181 199 18 0.10 0.898 0.917

Family size:2 263 39.54 41.45 161 172 11 0.07 0.933 0.943
3 140 39.85 4z.15 189 z08 19 0.10 0.935 0.944
4 282 40.75 43.46 225 z50 25 o.ii o.952 0.963

~ 5 164 41.03 43.90 243 z78 35 o.i5 0.955 0.965
Females -
All females: 849 10.84 12.63 23 27 4 0.15 0.395 0.433

Educ. level:l 217 8.39 9.45 12 13 1 0.09 0.321 0.345
z z23 9.23 10.82 16 18 z o.13 0.354 0.391
3 3z2 12.37 14.18 27 30 3 0.13 0.434 0.471

~ 4 87 15.43 19.46 57 71 14 0.25 0.533 0.615
Age: C 30 226 19.88 21.84 38 41 3 0.08 0.633 0.666

30-39 z96 9.20 11.30 26 31 6 0.22 0.353 0.399
40-49 212 6.34 7.98 13 15 3 0.22 0.278 0.319
~ 50 115 5.59 6.51 8 9 1 o.i3 0.247 o.z7o

Family size:2 263 22.83 25.24 49 54 4 0.09 0.718 0.756
3 140 8.72 10.86 20 25 5 o.z3 0.360 0.411
4 282 5.79 7.54 iz 16 4 o.3z o.z67 0.311

~ 5 164 2.11 2.67 3 4 1 0.25 o.1z5 o.14z
Explanation-
column 1: number in the sample

2: hours simulated, actual tax system
3: hours simulated, lump sum taxes
4: taxes, actual system (Dfl per week) (Tax)
5: taxes, lump sum (Dfl per week) (EV)
6: dead weight loss (Dfl per week) (EV-Tax)
7: (EV-Tax)~Tax
8: simulated employment, actual tax system
9: simulated employment, lump sum taxes

Mean dead weight losses for age and education categories are given

in Table 11, which can be compared to Table 5. According to the extended

model, DWL appears to be much smaller than according to the model in the

previous section, for both males and females. On average, DWL in the

extended model is 10.7X of taxes paid for males and 15.4X for females. In

the Hausman model these figures were 32.6X and 30.3X respectively. Since

wage rate elasticities are approximately the same in the two models, the
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differences must be due to the hours restrictions. The average change in
hours worked (the difference between columns 3 and 2) for males is much
smaller in the extended model than in the Hausman model, but for females
this is not the case. Moreover, the change from the actuel tax system to
lump sum taxation in the model with hours restrictions has a positive
impact on employment (the effect described in the example illustrated in
Figure 7), as can be seen from columns 8 and 9 in Table 11. Particularly
for females this seems to play an important role: employment increases by
9.7X. However, the effect of this on total taxes paid is only small, since
those who change from unemployment to employment choose to work relatively
few hours a week. The extra tax revenues should mainly come from those who
already paid a large amount and apparently for these people the hours
restrictions play the largest role.

6.4. Conclusions

In Sections 2 and 3, two models of individual labour supply are

estimated, both of them based on the linear Hausman (1981) specification

and accounting for a piece-wise linear budget constraint. Although some of

the parameter estimates seem substantially different in the two models,

calculated elasticities are quite similar. In a survey paper, Theeuwes

(1988) discusses 8 other recent empirical studies of labour supply in The

Netherlands. He presents 8 wage rate elasticities for hours worked of

women, ranging from 0.20 to 3.23 with a mean of 1.39. Compared to this,

our elasticities of 0.65 and 0.79 are low but not out of line. For males,

Theeuwes mentions 4 wage elasticities, ranging from -0.25 to 0.27 with a

mean of 0.07. Our values (0.12 and 0.10) fit quite well in this range. The

income elasticities that we find are also largely in accordance with

previous Dutch findings.
Dead weight loss calculations yield quite different results for the

two models. The DWL of 30X for females corresponds to values of 27X and

37X, which were obtained by Grift (1988) with Dutch 1983 data of married
women. The substantially different DWL's found in Section 3 should perhaps
not be too surprising, since the DWL definition hinges strongly on the
structure of the model, i.e. the hours constraints.

The introduction of the extended model is motivated by the fact
that the model in section 6.2 yields a poor description of the sample
distribution of working hours. The results, in particular Figures 4 and 5,
unquestionably show that in this respect extending the Hausman model is a
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success. This however does not mean that the extended model is free of
misspecification. Several White tests for different subvectors of the
parameter vector were performed and generally the null-hypothesis of no
misspecification was rejected. Rejection was strongest for the parameters
referring to demand side restrictions, suggesting that this is where most
misspecification is located. On the other hand, for females, the
hypothesis that Pof does not depend on LAGE and L2AGE is accepted at a 5X
level by a Lagrange multiplier test (a test statistic of 2.2 with critical
value x2.p G5-6.0).

A number of extensions and improvements of the model certainly
deserve more attention in future research. The specification of
preferences is convenient but possibly restrictive. For instance,
preliminary analysis of a labour supply equation involving a quadratic
wage term, suggests a significant improvement. This extension would
correspond to the specification of preferences considered in Chapter 5.
Another interesting example is given by Heckman (19~4), who starts with a
specification of the indifference curves.

A second point relates to the treatment of the budget constraint
for non-workers. For them, the budget constraint is based on predicted

before tax wages. Random variation across individuals in before tax wages
is ignored. This calls for simultaneous estimation of a wage equation and

a labor supply equation. Examples of such models are Moffitt (1984), who
introduces hours dependent wage rates resulting in an S-shaped budget

curve, and Tummers and Woittiez (1988), who combine Moffitt's model with
demand side restrictions. Although there can be little doubt about the
empirical relevance of such extensions, they would add more complexity to

an already intricate model. Hence this is left for future work.
In the third place, the modelling of job offers in a static

framework has the merit of simplicity, but a more natural approach would
be to allow for consecutive job offers and the possibility that
individuals move from one job to another. Somewhat in the same spirit it
should be noted that budget constraints are not exogenous in a dynamic
world. For instance, the level of unemployment benefits in the Netherlands
often depends both on the duration of the preceding spell of employment
and on the duration of the current spell of unemployment.
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Appendix

Data and Wage equations

The data we use stem from the OSA Survey drawn in 1985. Working
hours are the answer to the question

"on average, how many hours do you work per week?"
and thus include regular overtime and hours worked in second jobs.

The main component of after tax labour income is the answer to the

question:
"What is the net wage in your present job, i.e. the amount you
receive without shiftwork allowance, overtime allowance, tips,
travel allowance, entertainment expenses, etc; taxes and premiums
for welfare benefits are also excluded"

Regular shiftwork allowance, overtime allowance, tips, etc., are given
separately in the survey. The after tax wage we use is the sum of the main
component and these regular allowances.

Table 12. Wage equations

Males Females
Parameter t-valuei) Parameter t-valuel)

Constant -5.96 2.75 -12.71 4.49
DED22) 0.063 1.54 0.091 1.58
DED32) o.i44 3.93 o.i6o 3.24
DED42) 0.393 10.10 0.468 8.11
LAGE 4.624 3.85 8.681 5.35
L2AGE -0.600 3.58 -1.zi4 5.25
EDSEC3) 0.026 2.08 0.066 2.79
Lambda4) 1.379 1.39 -o.oi3 0.27

number of observ. 801 331
R-squared 0.243 0.290

Explanation:
1) t-values are not corrected for the possible selectivity bias.
2) DED2, DED3, DED4: dummies referring to the levels of education EDM

(males) and EDF (females), ranging from 1(lowest level) to 5(highest
level). DED2-1 if ED-2, DED3-1 if ED-3, DED4-1 if ED-4 or ED-5.

3) EDSEC: index variable referring to the sector of education; EDSEC-2:
technical or business, EDSEC-1: semi-technical or semi-business,
EDSEC-O: neither technical nor business.

4) Lambda: the inverse of Mill's ratio.
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In estimating the labour supply models of Sections 2 and 3, unknown
before-tax wage rates of non-workers were replaced by predicted wage
rates. Predictíons are based on the following estimation results of the
log-wage equation. These were estimated following the Heckman procedure to
take account of possible selectivity bias. For both males and females, the
selectivity bias is not significant. The meaning of the exogenous
variables is explained in Section 2 of the main text.

Estimation of the Hausman model using information on workers only

The model described in section 6.2 was also estimated using
information on workers only, taking into account selectivity bias due to
truncation by using conditional maximum likelihood. Note that this
has the advantage that imputation of predicted wage rates for non-workers
is avoided. Estimation results are mentioned in Table 13. Some of the
estimates are substantially different from those in Table 2, pertaining to
the estimation for both workers and non-workers. The large differences
strongly suggest that the common model is severely misspecified.

Table 13. Estimation results of the common model; workers only
(Standard errors in parentheses)

Parameter Males Females

g (wage rate) 0.0 (---). 0.91 (0.26)
b (unearned income) -0.0013 (0.0035) -0.0061 (0.0028)

oco (constant term) -154 (56) 25.1 (132)
al (LOGFS) 0.32 (0.90) -14.8 (2.6)
~2 (DCH(6) -0.17 (0.68) -0.9~ (z.4)
~3 (LAGE) 109 (31) 21.0 (~6.1)
a4 (L2AGE) -15.2 (4.3) -5.1 (10.8)

vE (random prefer.) 5.04 (11.6) 1.55 (4.98)
vv 4.30 (13.4) 10.53 (0.64)

Note: ~: the estimate is at its lower bound. This bound is imposed to
avoid coherency problems.
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Simulations based on these results can be compared with those in
Tables 3 and 4. Predicted participation for males is almost equal to 1, as
in Table 3. For females, the average simulated participation probability
equals 0.957, which is quite out of line with both the actuel sample
participation and simulated participation in Table 3. The estimated

average wage and income elasticities of actual working hours are both 0.0
for males. For females, they are 0.38 and -0.17 respectively.

Figures 8 and 9 are obtained in the same way as Figures 1 and 2 and
can be used to compare the sample distribution of actual working hours
with the simulated distribution based on the estimates of Table 13. The
figures show that excluding non-workers does not solve the problem that

the spikes in the sample distribution of actual working hours are not
explained.

Derivation of E{DWL~E}

We derive an analytical expression for the conditional expectation of
DWL for given e, which can be used to compute the unconditional
expectation with equation (6.17). The expressions involved are similar to
those in the likelihood function of the extended model (see Tummers and
Woittiez (1988), Section 2 and Appendix). We assume that e is given but

that job offers are random. For i,jE{O,l,...,m}, i(j, let

DWLij - {w1(hj-hi) r ci- cij}, (6.18)

where ci is consumption corresponding to hi and cij is defined in the same
way as cl~ in (6.15). DWL., is the realisation of DWL if in case of the

i~ i~ i`actual tax system the optimal choice is (hi,ci) (i.e. (h ,c ) in (6.16))
and in case of the 'appropriate' lump sum taxation the optimal choice is

i"'(hj,cj) (i.e. (h~,c ~) in (6.16)). Since DWLii- 0, the expected dead
weight loss conditional on e is given by

m m
E{DWL~E} - ~ ~ Pr[DWL-DWLij] DWLij

i-0 j-it1

The probabilities Pr[DWL-DWLij] can be calculated as follows: Let

(6.19)

S2i -{kE{0,...,m}; U(hk,ck)~U(hi,ci)} (i-0,...,m) (6.20)
and
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eij-{kE{0,...,m}; k(i or DWLik(DWLij} (i,jE{0,...,m},i~j) (6.21)

Thus, 4i corresponds to the offers which are not preferred to (hi,ci), and
e.. corresponds to the offers which yield a dead weight loss that does noti~
exceed DWLij, conditional on the fact that (hi,ci) is the optimal choice.
Therefore, DWL-DWLij if and only if for each job offer (hk,ck) we have k E
4i~ eij and (hi,ci) as well as (hj,cj) are offered. For AC{O,l,...,m} let

q(A) -(1-P ) t~ P p if OEAof kEA`{0} of k
-0 ifOQA

(6.22)

We avoid conditioning on the number of job offers N by interpreting the
Nm~-N "missed job offers" as offers of zero hours ( which are of no
importance, since zero hours of work can be chosen anyhow). Thus if OEA
then q(A) can be interpreted as the probability that one job offer belongs
to A. For each i,j E{O,l,...,m} with iCj we can now write

N N
Pr[DWL-DWLij]-{q(Qineij)} max-{q(Qineij`{i})} max

N N
-{q(Qi~ij`{j})} max~{q(Q1~1,`{i.j})} max

6.23)

This implies that Pr[DWL-DWLij]-0 if U(hi,ci)(U(hU,cD) (i.e. O~Qi: the
individual prefers (O,cU) to (hi,ci)) or if U(hi,ci)(U(hj,cj) (i.e. j~.4i:
if (hi,ci) and (hj,cj) are both in the choice set, the individusl chooses
(hj,cj), so (hi,ci) cannot be optimal). The expected dead weight loss can
now be found by substitution of (6.23) into (6.19).
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Notes Chapter 6

1) Throughout this paper, we use the following terminology. Someone is
employed if he or she works any positive number of hours and

unemployed if he or she works zero hours, either voluntary or

involuntary. The employment and unemployment rates are defined as

fractions of the sum of the numbers of employed and unemployed people

(i.e. including non-participants).

i-1
2) N1J-N~tk~liikl(wk~-wk.l,l), where N~ is the individual's non-labour

income. As in Hausman (1981a) the husband is treated as the primary
worker in a family and the wife as the secondary worker. Therefore,
for males, N~ does not include the wife's earnings, whereas for
females it does include the husband's earnings.

3) Throughout the empirical part of the paper, we implicitly assume that
consumption (i.e. total expenditures) and income are equal. Replacing
income by total expenditures would make the model consistent with a
dynamic life-cycle framework (cf. Blundell, 1987). Since no data on
consumption expenditures are available, this approach could not be
followed.
For the reasons mentioned in the previous note, for males, c does

not include the wife's earnings, whereas for females, c does include
the husband's earnings.

4) This is not an uncommon procedure, but there are various difficulties
associated with it. Given the way in which wages are constructed, they

are bound to suffer from measurement error (which may be correlated
with measurement error in the observed hours). Secondly, the use of
predicted wages for those who do not work leads to a misrepresentation

of the true budget sets of these people. The solution of these
problems is far from trivial and beyond the scope of the present
paper. See also section 6.4.

5) Since wage and income elasticities according to this model vary in a
strongly non-linear way, we do not discuss elasticities for specific
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individuals. Instead, in the next subsection we present elasticities
of the average numbers of working hours and the average employment
rates. These elasticities are computed from simulation results.

6) The figures in the table are based on 10 random drawings of s and v
for each individual. The results appear to be very insensitive with
respect to the chosen number of drawings per individual.

7) Since no data on job offers are used in the estimation, the model can
be estimated without defining the time period in which job offers are
counted. Also, the assumption Nm~ is rather harmless, since,
eventually, only the (simultaneous) probabilities that at least one
job with a given number of hours is offered are relevant.

8) No direct information on job offers is used (no such information is
available in the data). Conclusions about the job offer distribution
hinge on observed actual labour supply and on model assumptions. These
conclusions should therefore be interpreted with caution. The argument
is the same as the reason why conclusions about desired labour supply
should be interpreted with caution.

9) For males, this implies p5-0.067, and as a consequence P12- "'-p18 is
reduced to 0.045. For females p5-0.06~ and p12-...-p15-0.0592.

10) Note the distinction between super- and subindices; (h0,c0)-(O,cO) but
in general {(hl,cl),...,(hN,cN)} is a subset of {(hl,cl),...,(hm,cm)}.
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~. MiNIMUM WAGE RATFS AND UNFI~IAYMII~TP IN TfD; NEI'HERIANDS

~.1. Introduction

Many economists blaim the downward wage rigidity for the growth of
unemployment during years of recession. In The Netherlands and other
Western countries it has been suggested that existing minimum wage
regulations might be an important source of such a rigidity. It is a
matter of debate whether the benefits of minimum wage regulations are not
outweighed by their drawbacks, since the high level of the minimum wage
rate - as to be paid by the firm - has a substantial negative impact on
demand of certain types of labour.

On the one hand of course, the main purpose of minimum wage rates is

to guarantee ihat earniugs of employaes are r.ot too low, in particular of
those with low productivity. On the other hand, the minimum wage barrier

could prevent employers from hiring these often young and unskilled or

unexperienced workers, in which case - since unemployment benefits are

generally lower than (corresponding) wages - a negative effect on income

results. And even if this effect is small, a negative impact on the

individual's well-being is possible, since recent empirical studies

suggest that many workers prefer employment to unemployment, even if the

incomes associated with both states are equal. This is e.g. implied by the

indifference curves in Chapter 5, figure 4, particularly for males.

Dutch studies show that there is a relative surplus of potential low

wage earners - i.e. unskilled and unexperienced people - among the
unemployed in The Netherlands (see Van Schsaijk, 1984) and that the growth

of unemplóyment is also strongly concentrated in this group, contrary to
the development in the US (see CPB, 1986 and Frijns and Van Schaaijk,

1987). The share of minimum wage earners among employees fell from 9.9x in

19~4 to 6.5X in 1983. These facts taken together suggest that firms are

trying to get rid of workers with low productivity.
In this paper a micro-economic approach, related to the work of Meyer

and Wise (1983 a,b) in the US, is followed to analyse the ímpact of
minimum wage regulations on the Dutch labour market. The minimum wage law
is the only friction in the labour market that is taken into account and
therefore the only source of involuntary unemployment explicitly
incorporated in the model.

In section ~.2, a limited dependent variable model based upon a two
equations reduced form model of the labour market is presented and
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estimated with data from a cross-section of Dutch males and females.
Although the estimation results do not seem unreasonable, they also
reveal some shortcomings of the model. In section 7.3, the reduced form
equation for labour market participation is replaced by a neoclassical
labour supply equation. Although the specification of labour supply is
kept rather simple, simultaneous estimatíon of wage and supply equations
would be very complicated, mainly because budget sets are sometimes non-
convex. For this reason, the labour supply equation is estimated
separately. In section ~.4, simulations are performed based upon the wage
equation in section 7.2 and the structural labour supply equation in
section 7.3. Conclusions are mentioned in section ~.5.

~.2. A Reduced Fox~ Model

In this section we present a model which is closely related to the
two equations model introduced by Meyer and Wise (1983a). The model
essentially consists of a wage equation and an equation to explain 'labour
market participation'. The wage equation states that, in absence of
minimum wage regulations, the hourly before tax wage rate is determined by
the worker's marginal productivity, which depends on observed and
unobserved personal characteristics:

log Wt - Xt a t Elt' (7.1)

where Wt is the hourly before tax wage rate for individual t in absence of
minimum wage regulations,

Xt -(Xtl'Xt2 """Xtm)~ is a vector of explanatory variables,
mainly individual characteristics of individual t (and
including a constant term),

a-(al,a2,....,am)' is a vector of parameters,
elt is an error term, representing e.g. unobserved characteristics

of individual t.
The fact that a worker is paid according to marginal productivity implies
that the wage elasticity of labour demand for individual t equals -m at Wt
and 0 elsewhere. This seems an unrealistic assumption, since several Dutch

studies mention labour demand elasticities of approximately -0.8 (see,
e.g., Kuipers, 1984, or Theeuwes, 1988, for an overview). However, because
Wt varies across individuals, the implied aggregate elasticity may still

be realistic. Its value depends on a and on the variance of Elt'
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Equation (7.1) is 'ceteris-paribus' in the sense that an individusl's
situation is described, taking the composition of the rest of the labour

force as given. For instance, if more people with similar characteristics

are hired and if returns to scale are decreasing, marginal productivity

will shift downward. Fquation (~.1) does not take this into account.
The wage rate which is actually paid will not always equal Wt, due to

several institutional constraints such as minimum wage regulations, union
agreements, fixed periodic salary raises, etc. In this model only minimum
wage regulations are taken into account. The minimum wage rate for
individual t is denoted by Mt.

If Wt exceeds Mt, then the minimum wage law is not binding and the

before tax wage rate actually paid, Wt, equals Wt.
If Wt is less than Mt, three outcomes are possible. Which outcome

occurs is ir.dicated by ar. indax :~sriable It.
In the first place, the possibility exists that the minimum wage law

does not apply (in The Netherlands, this is the case for a small number of
part-time jobs) or the employer finds some way to evade it (It-1).

If the minimum wage law does apply, the employer can decide to raise
the wage to the minimum level (Wt-Mt, It-2) or not to employ the worker
(It-3). In the latter case, of course, no wage rate is observed.

We assume that these three events occur with (conditional)1)
probabilities P1, P2, and P3-1-P1-P2, respectively.

The second equation is a reduced form equation for 'labour market
participation'. Throughout this chapter, a labour market participant is
defined as someone who would have a job if there were no minimum wage
regulations. If it is assumed that minimum wage regulations are the only
source of involuntary unemployment, then non-participants are people who

do not want to work. In the model considered in this section however, this
assumption is not necessary. Non-participents can either be people who are

not willing to work or people who are involuntary unemployed but not
because of minimum wage regulations.

Whether or not someone participates on the labour market will depend
on individual characteristics, the (after tax) wage rate, unearned income,
and unemployment benefits. In the linearized reduced form equation, we use

in this section, the wage rate is eliminated and unearned income variables
are ignored. In the next section, this equation will be replaced by a

structural labour supply equation which explicitly models the relationship
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between participation and the desired number of working hours on the one
hend, and after tax wage rates and other income variables on the other.

The participation equation we use in this section is as follows.

Et '~iRt14 ~2Rt2i ... ~ mXtm` E2t' Í7.2)

where Et is a latent variable with the interpretation that the individual
participates on the labour market if and only if Et)0,

~-(~1" "'~m)~ is a vector of parameters,
E2t is an error term, which may e.g. reflect random preferences.

We assume that (E1t,E2t)' is normally distributed with mean (0,0)' snd
covariance matrix

2
F f~E p6E .-

lpóE 1

According to this model, each individual is in one and only one of
the following five states:

state 1: non-participant (EtCO).

state 2: participant, unemployed (Et)0, Wt~Mt, It-3).
state : participant, employed, Wt)Mt (Et)0, Wt)Mt).
state 4: participant, employed, Wt~Mt (Et)0, Wt~Mt, It-1).
state : participant, employed, Wt-Mt (Et)0, Wt~Mt' It-2)'

If all wage rates were observed without measurement errors, it would still

be impossible to observe whether an unemployed individual in the sample is

in state 1 or in state 2, since for someone who does not work, no wage

rate is observed and it is not observed whether he or she would still be

without. Work if there were no minimum wage regulations. It would however

be possible to split up sample observations in four categories: those in

states 1 or 2, those in state 3, those in state 4, and those in state 5.

In the data set Meyer and Wise (1983 a,b) used, most wage rates are either

exactly known without me?surement error (a correction for rounding errors

is made by using a minimum wage interval instead of one minimum wage) or

not known at ell. Our data set contains only wage rates that are not

exactly measured. We make use of a cross-section of Dutch households and

before tax wage rates are constructed from hours worked and after tax

labour income. Therefore, at least three possible sources of ineasurement

errors are present:

- errors in after tax labour income
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- errors in hours worked
- errors in the transformation of the after tax wage into the
'before tax wage.

Explicit incorporation of a measurement error in the wage equation thus
seems useful. On the other hend, we essume that there i s no error in
observing whether an individual is employed or not.

The measurement error is added to the wage equation as an additive
error term. Let Wt be the observed before tax wage rate. We assume

log Wt - log Wt . bt, (7.3)

where bt~N(O,ab) and bt is independent of other random variables in the
model.

Wages of a significant proportion of workers are missing. We assume
that the (conditional) probability that a worker's wage is observed does
not depend on endogenous variables in the model and denote this
probability by R.

The presence of ineasurement errors and missing wage observations
implies that the sample can only be split up in three subsemples:

unemployed individuals, employed individuals without reported wage rate,

and workers whose wage rate is observed (although with measurement error).
For instance, i f someone actually earns the minimum, i.e. is in state 5, a
positive measurement error implies that the observed wage rate is above
the minimum. Thus, states 3, 4, and 5 can no longer be distingvished with

certainty. Still, if for example the observed wage rate is much higher

than the minimum, then the probability that the individual is in state 3
is very large. This kind of information is incorporated in the likelihood
function. The likelihood contribution of individuals in the three
subsamples is easily derived by considering separately the five states
introduced above:

a. unemployed individuals are either in state 1 or state 2. The
likelihood contribution is given by
Pr[Et~O] 4 Pr[Et)0 and Wt(Mt] (1-P1-P2).

b. employed people without reported wage are either in state 3, state 4,
or state 5. The likelihood contribution is
{Pr[Et~O and Wt~Mt] . Pr[Et)0 and Wt(Mt](P1.P2)}{1-R}.
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c. employed persons with observed wage rate can also be in either one of
the states 3, 4 and 5; due to the measurement error, states 3, 4 and 5
cannot be distinguished. The likelihood contribution is given by

{Pr[EN)0 and W~)M ~E fb -1og Wo-X'a]f (log Wo-X'a){t t t lt t t t 1 t t
Pr[E')0 and W~CM ~e .b -1og Wo-X'a]f (log Wo-X'a)Plt (7.4)t t t lt t t t 1 t t
Pr[Et)0 and WtCMt]f2(log Wt-log Mt)P2}R.

Here fl and f2 are the (normal) probability density functions of e1t45t
and bt, respectively. The conditional probabilities in (~.4) are bivariate
normal. Corresponding means and variances can easily be derived (see,
e.g., Johnson and Kotz, 1972).

Data and estimation results

The model introduced above has been estimated with data from the
first wave of the Socio Economic Panel, collected by the Dutch Central
Bureau of Statistics (CBS) in April 1984. Our data set contains
information on 3914 Dutch males and 4059 females of at least sixteen years
of age. The following explanatory variables are included in the vector Xt:

CON: a constant term.
DED2, DED3, DED4 and DEDS: dummy variables referring to the individual's

education level. At the lowest level, all dummies equal 0; at the
second level DED2-1 and DED3-DED4-DED5-0, etc..

LAGE: the natural logarithm of the individual's age in April 1984.
L2AGE: the square of LAGE.
D65: dummy variable; D65-1 if the individual is older than 64 and 0

otherwise.
NCH: the number of children in the household (NCH-O if the individual

is not one of the parents).
DCH6: dummy variable; DCH6-1 if the individual has children younger than

six, DCH6-0 otherwise.
DHP: dummy variable; DHP-1 if the individual is the family head or

partner of the family head; DHP-O otherwise.
DSI: dummy variable; DSI-1 in case of a one person household; DSI-O

otherwise.
D1P: dummy variable; D1P-1 if the individual is the only parent in the

household; D1P-0 otherwise.
UNP: the unemployment percentage in the region.

Table 1 contains some sample statistics of these variables and of the
endogenous variables and some information on the sample composition.

The model was estimated by Maximum Likelhood, using the algorithm
introduced by Berndt et al. (19~4). The parameter p has been set equal to
0.2) A Lagrange-multiplier test was performed to test the hypothesis p-0.
This hypothesis was accepted at a 5X level for both males and females. The
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realizations of the asymptotically x~l)-distributed test atatistic were
0.4 and 2.6 for males and females, respectively (with critical value 2.7).

Table la. Sample statistics

Variable males
mean stand. min max numb.

dev. obs.

females
mean stand. min max numb.

dev. obs.

DED2 0.229 0.420 0 1 3914
DED3 0.384 0.486 0 1 3914
DED4 0:102 0.303 0 1 3914
DED5 0.048 0.213 o i 39i4
LAOE 3.628 0.430 2.77 4.54 3914
L2AGE 13.347 3.103 7.69 zo.64 39i4
D65 o.i24 0.330 0 1 3914
rrcH o.667 l.007 0 7 3914
ncH6 o.i53 0.360 0 1 3914
DHP o.7zz 0.448 0 1 3914
Dsl 0.081 0.273 0 1 3914
D1P 0.007 0.081 0 1 3914
UxP 17.615 2.537 14.6 z4.2 39i4

wbt 23.34 14.35 3.6 149.0 2089
wat 13.07 5.70 2.9 57.9 2089
M io.73 1.94 4.o i1.5 3914
H 43.04 11.44 2.0 90.0 2396

0.291 0.454 0 1 4059
0.282 0.450 0 1 4059
0.081 0.273 0 1 4059
0.010 0.l00 0 1 4059
3.650 0.439 2.77 4.54 4059
i3.513 3.181 7.69 20.64 4059
o.i4o 0.347 0 1 4059
0.696 1.020 0 7 4059
0.155 0.362 0 1 4059
0.700 0.458 0 1 4059
0.122 0.327 0 1 4059
0.047 o.2ii o 1 4059
17.600 2.539 14.6 24.2 4059
16.01 7.90 3.7 81.8 1103
l0.40 4.24 2.8 38.9 ilo3
io.78 1.88 4.0 11.5 4059
26.96 14.4i 2.0 90.0 1284

Explanation.
Wbt: before tax hourly wage rate.
Wat: after tax hourly wage rate.
M: before tax minimum hourly wage rate.
H: actual number of working hours per week (zero-observations excluded).

Table lb. Sample composition
males females

unemployed 1482 2750
employed, wage rate not observed 343 206
employed, wage rate observed 2089 1103

Estimation results are presented in Table 2. A ~ indicates significance
on a 5X level. The upper panel contains the estimates for the wage
equation (7.1). Education has the expected significant positive impact on
productivity and thus on wage rates, for both males and females.
Productivity increases with age for young people and decreases with age
for older people. For females, the maximum is reached earlier (at age 37)
than for males (at age 53) and the differences are smaller.

Figure 1 illustrates the total impact of age on WM, the expected before
tax wage rate in absence of minimum wage regulations. Other individual
characteristics are set equal to their sample means. The graph shows that
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the age effect is larger for males than for females. Moreover, it reveals
a striking difference between expected wage rates of the two sexes. This
difference is partly a consequence of the fact that the mean education
level is much higher for males than for females.3)

Table 2. Estimation results (t-values in parentheses)

Parameter Females

W`eguation
CON
DED2
DED3
DED4
DEDS
LAGE
L2AGE
D65
NCH
DCH6
DHP
DSI
D1P
UNP
P1
P2
o (w`equation)
ab(meas. error)

E`equation
CON
DED2
DED3
DED4
DEDS
LAGE
L2AGE
D65
NCH
DCH6
DHP
DSI
D1P
UNP

-15.13 ( -8.3)`
0.135 ( 3-3)`
0.343 ( 8.1)'
0.512 ( 10.2)'
0.856 ( 11.4)`9.870 ( 9.4)'
-1.365 ( -q,2).
-0.0435 ( -0.2)
-0.064 ( -3.7)"
-0.052 ( -1.1)
0.052 ( i.0)
0.108 ( 1.5)
0.114 ( 1.4)
-0.012 ( -2.1)`
0.242 ( 3-5)`
0.400 ( 4.5)"
0.370 ( 33.4)'
0.103 ( 6.6)'

-46.57 (-11.6)'
0.272 ( 3-7)`
0.428 ( 5.2)`
0.627 ( 5-5)`
0.862 ( 3.9)`

27.89 ( 11.9)`
-4.05 (-iz.3)`
-0.104 ( -0.5)
-0.283 ( -8.3)`
-0.850 ( -9.9)`
-0.341 ( -2.6)'
-0.228 ( -1.5)
-0.535 ( -3.0)"
-0.0409 ( -3-9)`

Males

-7.67 ( -5.1)"
0.169 ( 4.7)`
0.292 ( 9.2)'
0.595 ( 16.0)'
0.784 ( 18.4)`
5.424 ( 6.5)`

-0.684 ( -5-9)`
-1.142 ( -6.2)`
-o.oi6 ( -1.3)
0.040 ( 1.3)
0.136 ( 3.3)`
0.059 ( 1.z)
0.002 ( 0.0)

-0.021 ( -5.5)`
0.163 ( 4.9)`
0 ( -- )
0.411 ( 63.1)`
0.080 ( 4.5)'

-73.50 (-14.4)"
0.334 ( 2.8)`
0.512 ( 4.5)"
0.271 ( 1.8)
0.493 ( 2.4)'
42.84 ( 14.5)`
-6.07 (-14.6)`
0.395 ( 1.2)
0.154 ( 1.8)
-o.i58 ( -0.6)
o.iii ( 0.6)
-0.608 ( -3.3)`
0.276 ( 0.5)

-0.027 ( -1.6)

The significantly negative relationship between the wage rate and the
regional unemployment percentage UNP suggests that productivity is lower
in regions with high unemployment. It could, however, also mean that
frictions on the labour market imply a gap between productivity and wage
rate which 1s larger if unemployment is larger. The model does not take
this kind of effects into account.
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Figure 2- Participation probability P(E'10) as a function of age
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The estimates for P1 and P2 for females imply that of the females who
want to work but whose productivity is too low in relation to the minimum
wage rate, 64X will be employed; 24X receive a wage below the minimum and
40X receive the minimum wage. The remaining 36X are involuntarily
unemployed. For males, the estimates of P1 and P2 are much smaller, in
particular the estimated probability of receiving the minimum wage equals
zero. An explanation for the large difference between males and females in
this respect may be the fact that in a number of jobs in non-manufacturing
sectors which are relatively often held by females, productivity is more
difficult to measure and easier to adapt. For example, in the sample at
hand, only 17X of those working in the manufacturing sector are females,
whereas 49X of employees in the service sector are females.4)

The estimated variance vb of the measurement error is much smaller than
the estimated variance of unobserved productivity differences oÉ. The
measurement error explains 6X and 3X of wage rates variation of females
and males respectively.

In Figures 3 and 4 observed and simulated distributions of wage rates
are compared. The differences log Wt-log Mt are divided into classes of
width 0.05 each. Figures 3 and 4 contain, for males and females
respectively, observed frequencies, simulated frequencies without
measurement errors, and simulated frequencies with measurement errors
included. The simulations refer to employed people only, i.e. predicted
wage rates have been weighted with the probabilities of not ending up in
states 1 or 2. Comparison of observed frequencies with simulated
frequencies reveals a shortcoming of the model: It cannot explain the
relatively large density of wage observations in regions slightly above
the minimum. The reason for this may be the fact that the minimum wage
pushes up wage rates above the minimum to a higher level, e.g. because of
union agreements, fixed periodic salary raises, or the rise of reservation
wage rates of people looking for a(new) job.5) In the next chapter, an
extension of the model is considered which takes this into account.

Simulations

Using the estimation results it is possible to compute probabilities of
the five different states introduced above for each individual.6) Table 3
contains the aggregate resuïts, i.e. mean probabilities for different
education and age groups. Accordíng to these results, 12.SX of all males
older than 15 and 3.SX of all females are unemployed because their
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productivity is too low in relation to the minimum wage rate. The
probability that a man of lowest education level is employed, given that
he would be employed if there were no minimum wage regulations, is 75X.
For males,of inedium education level (DED3-1), this probability is 88X. For
females, these probabilities are 82X and 93X respectively. The main source
of the difference between males and females is the difference in estimates
for the probabilities PI and P2. The results imply that state 2
unemployment as a fraction of the number of participants is 13.7X for
males and 10.5X for females. These figures are smaller than the macro-
economic rates of registered unemployment in The Netherlands in April
1984, which are 16.4X for males and 19.OX for females. The differences
indicate that there are sources of (registered) unemployment other than
minimum wage legislation.

Table 3. Probabilities (in X) on states in the labour market

state 1 state 2 state 3 state 4 state 5 sample
males number
age ~ 25 50.7 12.5 34.3 2.4 0.0 722

25-34 4.5 13.8 79.0 2.7 0.0 924
35-44 2.6 7.2 88.8 1.4 0.0 767
45-54 13.5 5.9 79.4 1.2 0.0 553
55-64 46.3 3.4 49.6 0.7 0.0 463
~ 64 8z.8 12.8 2.0 z.5 0.0 485

education level
1 51.4 12.1 34.1 2.3 0.0 928
2 31.0 12.4 54.2 2.4 0.0 895
3 17.4 9.9 70.8 1.9 0.0 1504
4 17.9 2.6 79.0 0.5 0.0 401
5 15.5 1.2 83.1 0.2 0.0 186

all males 28.6 9.8 59.7 1.9 0.0 3914
females
age ( 25 51.8 5.1 34.1 3.4 5.6 725

25-34 51.2 4.8 35.5 3.2 5.3 939
35-44 53-2 4.3 34.9 2.9 4.7 725
45-54 62.5 4.2 25.8 2.8 4.7 582
55-64 84.1 2.7 8.4 1.8 3.0 519
~ 64 98.0 0.5 0.7 0.3 0.5 569

education level
1 81.5 3.4 9.0 2.3 3.8 136z
2 62.0 5.1 23.9 3.4 5.6 1182
3, 52.0 3.5 38.1 2.4 4.0 1144
4 44.9 z.l 49.4 1.4 2.3 330
5 32.8 0.2 66.5 0.2 0.3 41

sll females 64.1 3.8 25.4 2.5 4.2 4059

Table 4 visualizes the impact of a reduction of all minimum wage rates on
the probability of state 2. It suggests that involuntary unemployment
would strongly fall if minimum wage rates are reduced by lOX. If minimum
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wage rates were reduced by lOX. unemployment due to minimum wage
regulations would fall by 28z for both males and females. Formulated in
terms of employment, this implies that the aggregate elasticity of labour
demand with respect to minimum labour costs is approximately -0.4 for
males and -0.3 for females. This effect is rather strong compared to
earlier findings in the US. See Brown et al. (1982) for an overview.

Table 4. jmpact of a reduction of minimum wage rates on the probability of
state 2 unemployment

1 2 3 4 5
group sample probability prob after difference

number of state 2 lOxreduction (in x)
males
education level

1 928 1z.1 9.3 -23-3
2 895 12.4 9.1 -26.7
3 1504 9.9 7-0 -28.8
4 401 z.6 1.7 -33.9
5 186 1.z o.9 -3o.i

age
t 25 722 12.5 9.3 -25.5

z5-34 924 13.8 9.7 -30.1
35-44 767 7.2 4.6 -35-8
45-54 553 5.9 3.8 -36.3
55-64 463 3.4 2.2 -37.0
~ 64 485 12.8 1z.1 -5.5

all males 3914 9.8 7.2 -27.6
females
education level

1 1362 3.4 z.7 -zo.8
z 1182 5.1 3.7 -26.3
3 1144 3.5 2-4 -33.5
4 33o z.i 1.3 -39.5
5 41 0.2 0.l -5z.2

age
~ 25 725 5.1 3.6 -28.1

25-34 939 4.8 3.5 -28.0
35-44 725 4.3 3.0 -29.1
45-54 58z 4.2 3.1 -26.9
55-64 519 z.7 z.1 -20.8
~ 64 569 0.5 0.4 -13.6

all females 4059 3.8 z.8 -z7.8
Explanation
col. 3: probability of state 2(involuntary unemployment) before the

minimum wage reduction
col. 4: the same probability after a reduction of all minimum wage rates

with lOX
col. 5: the difference between columns 4 and 3 as a percentage of column 3
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These results should be interpreted with caution for several
reasons. The model is static and instantaneous effects might be much
smaller than the numbers in Table 4 suggest. Secondly, it has become clear
from Figures 3 and 4 end from Table 3 that the model does not yield a
perfect. ~iescription of labour market rigidities. The ceteris paribus
condition that the Wt relation dces not shift if the composition of the
labour force changes may be another reason why we find such a strong
effect, since substitution and complementarity effects are ignored.
Moreover, the model describes the labour market partially and does not
take macro-economic effects into account. If the reduction of before tax
wage rates is followed by a reduction in after tax incomes and leads to a
fall in domestic expenditures, a negative effect on employment may result.

~.3. A Structural Labour Supply Fquation

In order to analyse the effects of changes in the tax regime or
minimum wage and unemployment compensation regulations, it is necessary to
work with labour market model with more structure than the one introduced
in the previous section. In this section a first step towards such a model
is made. The reduced form equation for labour market participation is

replaced by a structural labour supply equation, explaining labour supply
in terms of the after tax wage rate, family income excluding the

individual's wage, unemployment benefits, and several of the personal
characteristics introduced in the previous section.

The system of preferences used in this section is a simplified (1-
person) version of the Hausman-Ruud specification considered in Chapter 5,
yielding an individual labour supply function which is linear in other
household income (Y) and quadratic in the after tax wage rate (w):

K
H~ - h(w,Y) - nG'R1wtn2w2tPY; F vj(1'Pw)Zj. (7.4)

j-1

where HM is optimal labour supply taking into account the linear budget
constraint C-wH.Y (where C is the sum of total expenditures and

savings)~~ only, Z-(Z1,...,ZK)' is a vector of individual

characteristics, and the Greek letters denote parameters.8)
In Chapter 5, we derived the direct utility function U(H,C) for this

system and discussed its regularity properties, i.e., in particular,
necessary and sufficient conditions for concavity of the cost function.
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The nature of the data on preferred hours that we use (the scenario
will be explained in the next subsection) implies that there is no need to
take into account the progressive character of the tax system. We do
however incorporate unemployment benefits. Therefore, an individual's
budget set consists of two linear segments, as shown in Figure 5 below. In
this figure OHI denotes other household income not including unemployment
benefits and UC is the (maximal) unemployment compensation (for given
OHI). It is assumed that if an unemployed person starts working, the
unemployment compensation is (as long as it is nonnegative) reduced by ~5X

of the earned after tax wage.9) This implies that the marginal wage rate
on the segment AB in the figure equsls 0.25w, where w is the after tax
wage rate in absence of unemployment benefits. If the individual works
more than H0-4UC~(3w) hours a week, unemployment benefits play no role and
th? marginal wage rate equals w. This is the segment BD in the figure.

Optimal labour supply can be on either one of the segments AB and

BD. Because the budget set is non-convex, two different local utility

maxima are possible, and values of the (direct or indirect) utility

function must be compared.

C

i~

iU-U~

~~ ~

i ~B ~
~ I~~ I I

~i I I
' ~ ~ ~

~ ~ ~

HÍ HO HÍI H

Figure 5. The budget Bet and the utility saximus

The stochastic specification of flexible labour supply models in
case of non-convex budget sets is a delicate matter. For reasons similar
to those discussed in section 5.4, incorporation of random preferences
would lead to intricate technical estimation problems. Therefore, we do
not allow for random preferences, but only for optimization errors. These
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errors enter both in the chosen number of hours, given the choice between
the two segments ( i.e. for a given regime), and in the regime choice. The
two error sources are represented by random variables ~ and n. Let

Hi - h(wi.Yi) (i-l,lI),

where wI-0.25w, yI-UC~OHI (corresponding to the first segment),
and wll-w, yII-OHI (corresponding to the second segment).
In absence of optimization errors, Regime I i s chosen if UI~UII, and
Regime II is chosen if UI(UII. The optimization error ~, is incorporated as
follows:

If UI-UIIt~)0, then Regime I is chosen;
if UI-UII4n(0, then Regime II is chosen.

Let PI-Pr(UI-UIIt~,)0) and PII-1-P1. Desired working hours, errors
included, are given by

~p HÍ f; with probability PI

H- HÍI. ; with probability PII (7.5)

Note that HP can be negative, implying that the individual prefers not to
work. It is assumed that the error terms ; and ~, are independent and
normally distributed with mean 0 and variances 6; and on respectively.

From (7.5), it is straightforward to derive the likelihood
contribution for the (one-equation) labour supply model for employed as
well as unemployed individuals if the after tax wage rate is known. Sínce
the wage rate is unknown for all unemployed and some employed individuals,
simultaneous estimation of wage equation (7.1) and labour supply would be
the most appropriate way to estimate the complete model. Because of the
complexity of the labour supply model - mainly due to non-convex budget
sets - this is computationally intractable. Therefore, we use predictions
to replace unknown wage rates, based on the model of the previous section.

Data and estimation

The labour supply equation has been estimated with data from the
same cross-section as used for the model in section 7.2. A few
observations of the 3914 males and 4059 females were removed because a
component of household non-labour income was missing. Eventuslly, data on
3794 males and 3941 females were used.
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Table 5a. Sample composition

category males females

employed, preferred hours known 2360 1255

employed, preferred hours not known 11 16

looking for e job, preferred hours known, 40 176
not receiving unemployment compensation
looking for a job, preferred hours known, 248 89
receiving unemployment compensation
looking for a job, preferred hours not known, 1 1
not receiving unemployment compensation
looking for e job, preferred hours not known, 8 0
receiving unemployment compensation
unemployed, not looking for a job, 736 2163
not receiving unemployment compensation
unemployed, not looking for a job, 391 241
recei.~ing unemployment compensatior.

Table 5b. Sample statistics

variable males females
mean stand. min max numb. mean stand. min max numb.

~ dev. observ. dev. observ.
39.71 10.08 1 90 2648 25.42 iz.53 i 75 i5zo

oHI 383.57 420.65 0 4oi1 3794 636.21 410.22 0 4oi1 394i
oc 316.16 155.95 3 ilo8 646 212.3o i22.59 1 699 330
F.xplanation:

Hp : preferred hours; zero observations excluded
OHI: family income, the individual's wage and unemployment compensation

excluded (Dfl per week)
UC : unemployment compensation (Dfl per week); zero observations excluded

For reasons extensively discussed in Chapter 5, we work with
preferred hours and not actual hours as the endogenous variable. The main
motivation for this is the fact that preferred hours directly reflect
individual utility maximizing behaviour over the whole budget set. For
employed individuals, preferred hours in the data set are the answer to
the question

"How many hours per week would you like to work if you could choose
freely and if your hourly after tax wage rate remains as it is now ?
Assume that other family members do not change their number of
working hours."

The formulation of this question motivates the use of a linear budget set:
There is no need to incorporate the progressive character of the tax
system, since the scenario implied by the question states that the after
tax and not the before tax wage rate remains the same. Some employed
individuals do not answer this question. For these individuals, we only



- i56 -

know that the preferred number of working hours is positive. Someone
without a paid job is asked whether he or she is looking for work, and if
so, for how many hours a week. Since it is not asked which wage rate the
individual has in mind while answering this question, the use of predicted
wage rates cannot be avoided.

Sample information about preferred labour supply and household
income is summarized in Table 5. For other variables (wage rates and
individual characteristics), see Table 1.

The model has been estimated for males and females separately by
Maximum Likelihood using the algorithm of Berndt et al. (1974). Estimation
results without imposition of concavity of the cost function10) are
mentioned in Table 6a. The meaning of the individusl characteristics LAGE,
.. , D1P is explained in section 7.2. These results imply that for 1.7X of
all males and 1.9X of all females in the sample, in particular those with
very high~wage rates, concavity ia not satisfied. For these individuals
the micro-economic foundation (utility maximizing behaviour) is lost.

The model has also been estimated with imposition of concavity for

all males and females.ll) The estimation results in this case are

mentioned in Table 6b. They are not very different from the results
without imposition of concavity. Since we want to perform policy

simulations for all individuals, including those with a high wage rate,

simulations are based on the estimation results in Table 6b. Therefore, we

confine ourselves to the discussion of the results with imposition of

concavity.
All parameters except one (W4 for males) are significantly different

from 0 on a 5X level. The negative estimates of the p's imply that both
male and female leisure are normal goods.

The dependence of preferred hours on the after tax wage rate is

shown in Figure 6, where expected preferred hours are sketched as a

function of the after tax wage rate for the 'average' male and female with

mean other household income and without unemployment benefits. For both

sexes, labour supply appears to be forward bending. Wage elasticities of

the average preferred number of working hours are 0.38 for males and 1.88
for females. According to the recent overview in Theeuwes (1988), these

numbers are rather high compared with earlier Dutch studies, which may be

explained by the fact that we use desired and not actual hours. Theeuwes

mentions mean elasticities of 0.07 for males and 1.39 for females.
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Table 6a. Estimation results without imposition of concavity
(standard errors in parentheses)

parameter
rtG(constant term)
rti(wage rate)
rt2(squared wage rate)
g (other income)
o;(hours equation)
6n(utility comparison)
wi(LAGE)

w2(L2AGE)
w3(D65)
w4(NCH}
w5(DCH6)
w6(D~)
w7(DSI)
w8(DiP)

males females
-765.1 (33.1 ) -z6o.7 (40.6 )

8.43 ( 0.63 ) 6.90 ( 0.34 )
-0.048 ( 0.0028) -0.168 ( 0.0091)
-0.0076 ( 0.0007) -0.0034 ( 0.0007)
18.11 ( 0.24 ) 19.21 ( 0.45 )
82.2 (16.4 ) 83.7 (10.4 )

452.4 (19.1 ) 159.4 (23.7 )
-64.64 ( 2.68 ) -24.81 ( 3.36 )
-12.51 ( 1.80 ) -11.03 ( 2.12 )

0.63 ( 0.47 ) -2.45 ( 0.34 )
-2.91 ( 1.33 ) -8.76 ( 0.91 )
-5.18 ( 1.2z ) -14.05 ( 1.38 )

-li.oi ( 1.41 ) -8.75 ( 1.70 )
-6.05 ( 3.43 ) -10.72 ( 1.86 )

Table 6b. Estimation results after imposition of concavity
(standard errors in parentheses)

parameter
nG(constant term)
rti(wage rate)
rt2(squared wage rate)
p (other income)
v3(hours equation)
6~(utility comparison)
yri ( LAGE )

w2(L2AGE)
w3(D65)
w4(NCH)
w5(DCH6)
w6(D~)
w7(DSI)
w8(DiP)

males females
-862.78 ( ---- )11) -370.41 ( -- )11)

10.34 ( 0.78 ) 4.15 ( 0.36 )
-o.oi64 ( 0.0009)
-o.oioi ( 0.0007)
18.53 ( 0.24 )
61.45 (18.9 )

512.4 (20.8 )
-73.06 ( 2.92 )
-13.64 ( 1.93 )

0.63 ( 0.49 )
-3.47 ( 1.44 )
-6.02 ( 1.33 )

-13.68 ( 1.52 )
-7.67 ( 3.43 )

-0.037 ( 0.0021)
-0.0032 ( 0.0007)
22.11 ( 0.51 )
37.97 ( 8.10 )

227.1 (27.5 )
-34.05 ( 3.89 )
-19.67 ( 3.z4 )
-3.06 ( 0.37 )
-8.24 ( 0.92 )

-14.07 ( 1.55 )
-8.28 ( 1.92 )

-12.07 ( 1.99 )
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In Figure 7, expected preferred hours are sketched as a function of
age. Other characteristics and wage rates are set equal to the sample
means. The graph reveals the fact that females reach their 'labour supply
top' at an earlier age than males. Only very few people older than 65 want
to work. The downward jump in preferred hours at age 65 might have a
sociological background: In the Netherlands, it is uncommon not to retire
at the age of (at most) 65. (See Kapteyn and Woittiez (1988) who
explicitly incorporate the reference group as an explanatory variable in
the labour supply model). Note that Figure ~ refers to a partial effect
only: The fact that the wage rate also varies with age (see section 7.2)
is not taken into account. The impact of variables relating to family
composition on preferred hours is stronger for females than for males.
Most estimates have the expected sign.

The participation probability in the labour supply model is defined
as the probability that preferred hours HP given by (~.5) (errors
included) are positive. The estimated participation probabilities for
'representative' individuals are sketched in Figures 8 and 9 as functions
of the wage rate and the level of unemployment benefits, respectively.
From Figure 8 it is clear that the sensitivity of the participation
decision with respect to own wage rate changes is much larger for females
then for males. For the average female, the probability ranges from 0.16
for low wage rates to 0.95 for high wage rates, whereas 64x of the
'average' males even would like to work (few hours a week) without a wage.

The estimated impact of unemployment benefits on the participation
probability is quite small, as is clear from Figure 9. An explanation
might be the fact that people can work few hours without loosing the
unemployment compensation.

~.4. Simulations Based on the Extended Model

In this section we present the results of some policy simulations
based on the wage equation (7.1) and the labour supply equation (7.5). The
participation equation (~.2) is ignored. This implies that in this section
involuntary unemployment which is not due to minimum wage regulations is
not taken into account. With the estimated wage equation the systematic
part of the before tax wage rate is generated for each individual in the
sample. A drawing of the error term E is added. This is repeated five
times (with independent drawings of E) for each observation. The before
tax wage rate is transformed into an after tax wage rate and this wage
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rate is inserted into the labour supply equation. Next, probabilities are
computed of the five labour market states described in section 7.2.
Results are aggregated per education and age category. This is repeated in
three situations: for the actual (1984-) minimum wage regulations and the
actual tax regime, after a change in the minimum wage regulations and
after a change in the tax regime.

Table 7 presents simulation results before policy changes. There is a
remarkably large difference between the figures in the columns 3 through 6
of this table and the corresponding figures in Table 3. Note that figures
in Table 3 are based upon estimation results that only take into account
information on actual wage rates and actual employment, whereas Table 7 ia
also based on information about preferred labour supply. Apparently,
employment predicted by (7.2) and (7.1) is smaller than employment
predicted by the structural labeur supply equation ar.d (7.1). This might
indicate that a number of those who are 'non-participants' in the sense of
equation (7.2), are involuntary unemployed, implying that there are other
sources of involuntary unemployment than the minimum wage. Comparison with
sample information suggest that something else is the matter:

sample simulation with simulation with
realisation reduced form model extended model

Males (Table 3) (Table 7)
working 62,1 X 61,6 X 71.3 X
looking for work 7,6 X 9.8 X 10,0 X
non-participant 30,2 X 28,6 X 18,6 X

Females
working 32.2 X 32.1 X 42,6 X
looking for work 6,6 X 3.8 X 4,4 X
non-participant 61,2 X 64,1 X 53.0 X

The extended model predicts a tendency to work which is larger than the
sum of the sample employment fraction and the sample fraction of people
looking for a job: 81.3X vs. 69.7X for males, and 47.OX vs. 38.8X for
females. This suggests that the specification of the labour supply model
may suffer from a lack of flexibility. The labour supply equation has to
explain the decision whether or not someone wants to work as well as the
desired number of working hours. Our sepcification for example does not
allow for unobserved fixed costs of working which might be important for
the participation decision, in particular for females. We have also
ignored the possibility of a discouraged workers effect, which might
reduce the observed number of people looking for a job.
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Table 7. Simulation of the actual (1984-) situation

1 2 3 4 5 6 7 8 9 10 11
number probability wage rates hours

males
education 1 901 33.5 14.3 49.4 2.8 12.3 16.5 8.2 10.4 17.7

z 867 18.2 13.1 66.1 2.5 15.6 18.5 lo.0 11.6 26.3
3 1459 12.9 8.8 76.6 1.7 19.7 22.3 iz.3 i3.6 3z.i
4 390 10.5 i.9 87.3 0.4 28.8 30.8 17.1 18.z 37.0
5 177 10.7 0.6 88.6 o.i 34.7 37.2 20.2 21.4 38.9

age
~ 25 697 17.8 18.2 60.4 3.5 io.4 12.1 7.1 8.0 20.5

25-34 911 2.4 13.8 81.2 2.7 20.0 21.9 1z.5 13.5 39.5
35-44 751 1.8 6.0 9i.i 1.2 24.5 25.6 14.8 15.4 4z.0
45-54 539 6.0 6.7 86.1 1.3 24.z 25.7 14.6 15.4 32.5
55-64 448 22.7 4.7 71.7 0.9 24.2 26.2 14.5 15.5 17.1

~ 64 448 9z.5 5.6 0.8 i.i 6.8 9.7 5.2 6.9 0.0

sll males 3794 18.6 10.0 69.4 1.9 18.7 21.6 12.1 13.6 28.2

females
education 1 1321 68.9 5.2 16.7 9.3 11.1 12.1 8.1 8.6 3.1

2 1149 50.6 5.4 34.3 9.7 12.8 14.0 9.1 9.6 7.7
3 ilo9 42.4 3.5 47.8 6.3 15.5 17.1 10.6 11.4 11.8
4 3zz 36.3 1.5 59.5 2.7 19.5 21.6 13.1 14.3 16.2
5 40 20.8 0.2 78.6 0.4 29.9 32.1 18.6 19.9 27.1

age
~ z5 705 28.1 6.6 53.6 11.7 10.4 11.2 7.5 8.0 15.3

25-34 928 40.8 5.3 44.4 9.5 15.7 17.8 10.7 1i.9 11.9
35-44 706 44.2 4.3 43.8 7.7 16.3 18.7 li.i 1z.4 9.6
45-54 562 5z.6 4.4 35.1 7.9 15.2 17.8 10.4 ii.8 5.9
55-64 500 74.5 4.3 13.6 7.6 12.8 15.0 9.1 10.3 0.9
~ 64 540 98.z o.5 0.5 0.8 10.7 12.0 8.0 8.7 0.0

sll females 3941 53.0 4.4 34.7 7.9 13.7 15.1 10.1 10.8 8.2
Explanation:
3: not participating on the labour market
4: (involuntarily) unemployed due to a lack of productivity
5: employed, wage rate above the minimum level
6: employed, wage rate on or below the minimum
7: predicted before tax wage rates, unemployed people included
8: predicted before tax wage rates, unemployed people excluded
9: predicted after tax wage rates, unemployed people included

10: predicted after tax wage rates, unemployed people excluded
11: preferred hours, zeroes included

Columns 7 through 10 in Table 7 refer to predicted wage rates. In

cols. 7 and 8 before tax wage rates are presented. Col. 7 gives unweighted

means of the predictions per age and education category. The figures in

col. 8 are weighted means, with weights determined by the employment

probability. Thus the wage rates in col. 8 are larger than those in col. 7

for two reasons: Unemployment due to minimum wages only concerns people
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with low wage rates and the higher the wage rate, the larger the
participation probability, since labour supply is forward bending.

Columns 9 and 10 are similar to cols. 7 and 8, respectively, but
refer to predicted after tax wage rates. The last column contains
preferred hours, as predicted by the model of section 7.3. Zeroes are
included in the computation of the category means.

Table 8. Simulation of a reduction of all minimum wage rates

1 2 3 4 5 6 7 8 9
group sample state 2-unemployment before tax wage after tax wage

number actual -10 X actual -lOX actual -10 X
abs rel rel rel

males
education 1 708 17.1 -4.4 -25.8 16.5 -2.8 10.5 -2.1

.2 780 13.4 -4.0 -30.2 18.6 -z.4 11.6 -1.8
3 1336 9.1 -3.0 -32.7 z2.3 -1.8 13.6 -1.4
4 361 2.0 -1.1 -53.8 30.3 -0.7 17.9 -0.6
5 177 0.8 -0.7 -87.2 37.8 -0.5 21.7 -0.4

age
~ z5 697 18.2 -5.1 -28.1 12.3 -2.6 8.1 -2.0

z5-34 911 13.z -3.9 -29.6 zz.l -z.3 13.6 -1.7
35-44 751 6.8 -2.3 -34.0 25.1 -1.4 15.2 -1.1
45-54 539 6.4 -2.0 -30.9 25.8 -1.3 15.4 -1.0
55-64 448 5.2 -1.9 -36.3 26.2 -1.5 15.5 -1.2

all males 3346 10.6 -3.2 -30.3 22.4 -2.1 13.6 -1.7

females
education 1 963 6.8 -1.7 -24.8 12.3 -2.2 8.6 -2.0

z 1062 5.9 -1.7 -29.5 14.1 -1.6 9.7 -1.4
3 1040 3.7 -1.3 -34.4 17.3 -1.1 11.5 -0.9
4 299 2.1 -0.9 -40.2 21.4 -0.7 14.2 -0.6
5 37 0.2 -o.o -4.0 3z.3 O.o 19.9 -o.o

age
~ 25 705 6.8 -2.0 -28.6 11.0 -1.5 7.9 -1.4

25-34 928 5.3 -1.6 -30.8 18.0 -1.4 12.0 -i.2
35-44 706 4.3 -1.4 -32.0 19.0 -1.2 12.5 -1.1
45-54 562 4.4 -1.4 -30.9 17.7 -1.4 11.8 -1.3
55-64 500 4.2 -0.9 -20.5 15.1 -2.1 10.3 -1.9
all females 3401 5.1 -1.5 -29.2 16.1 -1.5 10.9 -1.3

Explanation-
columns 3 through 5 refer to the probability, that someone's productivity
is not large enough to work (state 2-unemployment)
3: this probability in the actual (1984-) situation
4: absolute change in the column 3 probability after a reduction of all

minimum wage rates with lOX
5: relative change in the column 3 probability after this lOX reduction
columns 6 and 7 refer to before tax wage rates of employed persons
6: the actual (1984-) situation
7: the relative change after a 10 X reduction of minimum wage rates
columns 8 and 9 refer to after tax wage rates of employed people
8: see 6; 9: see 7
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The first policy simulation we discuss is a reduction of all minimum
wage rates in the sample by lOX. Table 8 shows the results in terms of
deviations from the numbers in Table 7. Since very few people older than
65 want to work anyhow, these people are not taken into account in the
policy simulations in this section (they were in section ~.2 and in Table
~). Results are very similar to the corresponding results in section ~.2.
Involuntary unemployment is strongly reduced, since the productivity
threshold is lowered. This effect is much stronger than the labour supply
effect: Reducing minimum wage rates leads to a smaller expected wage rate
for people with low productivity and thus to a smaller propensity to
work.12) For females, the productivity effect of a lOX reduction of
minimum wage rates is a decrease in involuntary unemployment of about 27X,
whereas the supply effect causes a 2X decrease only. For males, this
effect is zero, due to the zero estimate for P2.

From cols. 6-9 it is clear that a reduction of minimum wages has a
negative impact on earned wages. Because of the progressive character of
the tax system, this 'income effect' is smaller for after tax than for
before tax wage rates. The effect is small, since for most workers - those
with a high enough productivity to guarantee employment in the actual
1984-situation - nothing changes if minimum wage rates change.

To analyse the consequences of a reduction of income taxes, i.e. a
reduction of the distance between before and after tax wage rates, a
simulation of a lOX rise of all after tax wage rates was performed. Before
tax wage rates are not changed, apart from changes due to another minimum
wage law. Before tax minimum wage rates are reduced by lOX, so that after
tax minimum wage rates approximately remain unchanged.

Consequences of this policy change are summarized in Table 9. Again,

the productivity effect strongly dominates the supply effect. The rise of
after tax wage rates results in a lower rate of non-participation (columns
2 and 3) and thus involuntary unemployment rises. But the fall in

involuntary unemployment caused by lowering the productivity threshold (a
consequence of the reduction of before tax wage rates) is much larger. As
a result, involuntary unemployment falls, though not as much as was the

case for the first policy simulation. Because tax rates are reduced,
earned after tax wage rates rise, but because more people with low wage

rates find a job, the rise is less than lOX. The latter argument also

explains the fall in before tax wage rates.
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Table 9. Simulation of a reduction of income taxes with lOx

1 2 3 4 5 6 7 8
abs rel abs rel abs rel abs rel rel rel abs rel

males
education level

1 -0.9 -5.0 -4.3 -z5.4 6.0 9.7 -0.8 -25.4 -z.8 7.7 1.0 4.5
z -0.7 -7.3 -4.0 -29-8 5.5 7.4 -0.8 -29.8 -2.4 8.0 1.2 4.0
3 -0.6 -1o.i -3.0 -32.4 4.1 4.9 -0.6 -3z.4 -1.8 8.4 1.3 3.6
4 -0.4 -10.4 -1.1 -53.6 1.7 1.8 -o.z -53.7 -0.8 9.3 1.3 3.4
5 -0.4 -16.6 -0.7 -87.2 1.2 1.z -o.l -87.1 -0.6 9.5 1.4 3.z

~e25 -0.9 -5.2 -5.0 -27.7 6.9 11.5 -1.0 -27.7 -2.7 7.7 0.9 4.5
z5-34 -0.3 -11.9 -3.9 -29.4 4.9 6.0 -0.8 -z9.4 -2.3 8.1 1.2 3.0
35-44 -0.2 -13.3 -z.3 -33-8 3.0 3.3 -0.4 -33.8 -1.4 8.8 1.3 3.0
45-54 -0.6 -10.7 -z.o -30.4 3.0 3.4 -0.4 -30.4 -1.3 8.8 1.4 4.3
55-64 -1.6 -7.0 -1.8 -35.3 3.8 5.4 -0.4 -35.3 -1.5 8.6 1.4 8.z
a11
males -0.6 -7.3 -3.2 -29.9 4.4 5.7 -0.6 -29.9 -z.2 8.0 1.2 3.8

females
education level

i -2.2 -3.8 -1.4 -21.1 6.2 26.5 -2.6 -21.0 -i.4 8.6 0.9 21.1
2 -z.9 -6.3 -1.5 -25.7 7.2 19.6 -2.7 -25.7 -1.3 8.7 1.5 17.7
3 -3.5 -9.0 -1.2 -31.2 6.7 13.i -2.1 -31.2 -1.1 8.9 z.o 15.6
4 -3.8 -11.7 -0.8 -36.8 6.0 9.7 -1.4 -36.8 -1.2 8.8 2.4 14.4
5 -2.7 -18.1 0.0 2.o z.7 3.2 0.0 2.2 -0.7 9.3 2.7 9-3

age
~ 25 -z.o -7.0 -1.8 -26.1 7.0 13.3 -3.z -26.1 -1.5 8.5 1.6 10.4

25-34 -3.1 -7.6 -1.4 -27.0 7.1 15.8 -2.4 -27.0 -1.9 8.2 1.8 15.0
35-44 -3.7 -8.4 -1.2 -27.5 7.0 15.9 -2.1 -27.5 -1.9 8.1 1.9 15.6
45-54 -4.0 -7.5 -i.z -z6.5 7.2 20.7 -2.1 -z6.5 -1.9 8.z 1.7 29.2
55-64 -i.9 -z.6 -0.7 -i7.o 3.9 28.4 -1.3 -17.0 -0.9 9.0 0.5 52.4
a11 '
females -3.0 -6.5 -1.3 -25.5 6.6 16.5 -2.3 -25.6 -1.2 8.5 1.6 16.5

F~cplanation:
all figures refer to absolute (abs) or relative (rel) changes with respect
to the actual 1984-situation
2: not participating on the labour market (state 1)
3: unemployed due to a lack of productivity (state 2)
4: employed, wage rate above the minimum level
5: employed, wage rate on or below the minimum
6: predicted before tax wage rates, unemployed people excluded
7: predicted after tax wage rates, unemployed people excluded
8: preferred hours, non-participants included

7.5. Concluding Remarks

This paper aims to analyse the impact of minimum wage legislation on
the Dutch labour market. Results for the reduced form model considered in
section 7.2 suggest that involuntary unemployment would fall sharply if
minimum wages were reduced. A large fraction of registered unemployment in
The Netherlands is explained by the gap between productivity and the
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minimum wage rate. A lOX reduction of before tax minimum wage rates would
lead to a reduction of this type of involuntary unemployment by 28X. This
result however should be interpreted with caution for several reasons.

First it should be realized that the simulation takes place in a
ceteris paribus context. Substitution or complementarity effects due to
changes in the composition of the employed labour force might lead to a
shift in the marginal productivity relation.l3) These effects are not
taken into account. Macro-economic effects on marginal productivity, e.g.
through consumer demand, are also ignored.

Another question that can be raised is whether the specification of
the model yields an adequate description of the data. Comparison of actual
and simulated wage rate distributions suggest that at least one effect of
minimum wage laws should have been included: the minimum wage may push up
wage rates above the minimum to a higher level. This is one of the issues
considered in the next chapter.

Another issue is how data on actual wages and actual employment only
can be sufficient to identify the difference between voluntary and
involuntary unemployment. Identification hinges on model assumptions about
the distributions of included random variables. Recently collected Dutch
household surveys contain data on preferred working hours and search
behaviour and it seems worthwile to extend the analysis using this extra
information.

In the model considered in section ~.3, preferred hours data are

essential. A structural labour supply equation is estimated with preferred
hours as the endogenous variable. The main finding is that labour supply
is a forward bending function of the (own) wage rate, for both males and

females. The elasticity of participation with respect to unemployment
benefits appears to be very small.

In section ~.4, the structural labour supply equation is combined
with the wage equation from section ~.2. Simulation results are compared
with sample information. The 'extended' model overpredicts employment,
probably as a consequence of too primitive a specification of labour
supply. The reduced form model yields a better fit in this respect, but
does not completely reproduce the sample separation between voluntary and
involuntary unemployment. Policy simulations with the extended model
should again be interpreted in a ceteris paribus context. They show that
productivity (demand side) effects on the labour market - in particular
the lowering of the productivity frontier by reducing (before tax) minimum
wage rates - tend to dominate labour supply effects.
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Notes Chapter 7

1) P1 is the probability that someone is employed at a wage below the
minimum, given the fact that Wt(Mt end that the individual would have
a job if there were no minimum wage regulations.

2) If p-0, parameters in the wage equation can be consistently estimated

without use of the participation equation, but this estimation
procedure is not efficient.

3) See also, e.g., Hartog (1986) for an analysis of earnings
differentials based on a 1979 sample of full-time full-year workers in
The Netherlands. The difference between the average male and female
gross earnings in this sample is 3QX ef average fem.:le earnings. 70X
of this can be explained by differences in age, education, company
experience, and job level.

4) We also estimated a variant of the model in which P2 depends on the
gap between threshold level and marginal productivity (log Mt-log Wt),
as in Meyer and Wise (1983b). The results were not satisfactory. The
estimated impact was insignificant and had the counterintuitive sign.

5) Another possible cause might be the fact that in January 1984 legal
minimum wage rates in The Netherlands were lowered by 3X.

6) It may seem surprising that with these simulations all states can be
distinguished, whereas observed behaviour does not admit this
distinction. This hinges on model assumptions. The shape of the
observed wage rate distribution together with the correlation of
individual characteristics with observed wage rates and unemployment
or non-participation identify the distinction between states 1 and 2.

7) Due to lack of data, income could not be replaced by total
expenditures. This would make the model consistent with a life-cycle
framework with additively separable preferences (cf., e.g., Blundell,
1987).

8) This is the 1-person version of the original Hausman-Ruud equation,
given by H~-p{9.Y.bW.0.5yWZ}rarWfb, with b04y1Z1'"'`wKZIC-b' nÓ504~'
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n1-gb.y, n2-0.5~. This labour supply equation corresponds to the
indirect utility function V(W,M)-e~W{B.M.bW. 0.5yW2}. See Chapter 5.

9) This is an approximation for the main system of social security in The
Netherlands .

10) The expenditure function can be derived from the indirect utility
function given in note 8: C(W,U)-e-~WU-{B~SWt0.5yW2}. The model in
this section is coherent for ell parameter values, including those for
which concavity is violated. Thus, the problem discussed in section
4.3 does not occur and the unrestricted ML-estimator i s consistent.

11) Imposition of concavity is achieved by imposing linear restrictions on
the constant term rt0 in terms of other parameters. See Chapter 5 for
details. One of these restrictions eventually appears to be binding.
As a consequence, no standard error for the estimate of the constant
term in Table 6b was computed.

12) If the prediction of Wt is smaller than Mt, then the prediction of Wt
is a weighted mean of the prediction of Wt and Mt, with weights
determined by the estimated probabilities P1 and P2.

13) See Borjas (1986) for a US cross-section based study of substitution
and complementarity effects between several types of workers.
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8. THE IMPACT OF MINIMUM WAGE REGULATIONS
ON EMPLOYf~NT AND THE WAGE RATE DISTRIBUTION

8.1. Introduction

The fact that labour markets often do not clear, may obviously be

explained by a lack of flexibility of wage rates. In the literature, many

studies have analysed the relation between unemployment and the downward

wage rigidity induced by minimum wage regulations, particularly in the US.

See for example Hrown et al. (1982) for an overview of the US experience,

and Bazen and Martin (1988) for an analysis of the French labour market.

Most of the empirical studies in this field follow a macro-economic

approach and analyse the impact of minimum wage regulations on the average

wage ievel and on ihe macro-economic raLe of employment or ur.emplayment.

Bazen and Martin (1988) for example estimate the elasticity of employment

with respect to the minimum wage rate by writing this elasticity as the

sum of the elasticity of the average wage rate with respect to the minimum

and the elasticity of employment with respect to the average wage rate.

Interesting micro-econometric studies in this field are two papers by
Meyer and Wise (1983a,b), who analyse the effects of minimum wage
regulations on employment and incomes of youth with a limited dependent
variables model and with data on individual workers and non-workers.

The fact that unemployment growth in the Netherlands in the eighties
has been strongly concentrated in the group of unskilled or unexperienced
people, taken together with the decrease of the share of minimum wage
earners (see section ~.1) suggest that during the recession of the late
seventies and eighties employers have been trying to lay off low
productivity workers, Thus the negative demand side employment effect of
existing minimum wage regulations on employment may have outweighed its
possible positive effect on the income of low productivity workers. On the
other hand, the level of the legal minimum wage relative to the average
wage for adults has been slowly decreasing: It fell from 58.9X in 19~6 to
5~.4x in 1984. This may suggest that, if wage rigidities play a role, it
is not only the minimum wage that matters, but also other constraints
which restrict downward wage flexibility. For example, collective
agreements in many Dutch branches of industry involve wage agreements with
binding minimum wages for all individual firms in the branch.

A macro-econometric snalysis of the effects of varying minimum wages
across branches of industry has the drawback that it is hard to



- 170 -

distinguish the impact of minimum wage regulations on the average
employment or unemployment rate from other factors which affect
employment. Because of the heterogeneous nature of the labour market and
the apparent differences in unemployment between categories with different
characteristics such as age and education, a micro-econometric approach in
the line of Meyer and Wise's work seems worthwile.

In the previous chapter, we estimated a model closely related to the
Meyer and Wise (1983b) model. This model is based on a latent two equation
reduced form model describing an individual's position on the labour
market in absence of minimum wage regulations: A neoclassical wage
equation, explaining W~, the worker's productivity, which is determined by
observed and unobserved individual characteristics, and a reduced form
probit equation which explains whether or not the individual would have a
job if there were no minimum wage regulations. In this model, the impact
of minimum wage legislation is assumed to be as follows: If the minimum is
below W~, the minimum constraint is not binding and has no impact. If the
minimum exceeds W~, three outcomes are possible: The legal minimum does
not apply or can be avoided, the firm decides to pay the minimum wage in
spite of the low productivity, or the worker is unemployed because the
minimum makes him too costly for the firm.

Wage rates of workers with productivity above the minimum are not
affected by a change in the minimum. This means that the Meyer and Wise
model does not allow for the possibility that the minimum wage pushes up
wages above the minimum, i.e. the 'income effect' for workers earning more
than the minimum. The only income effect taken into account is that for
minimum wage earners. Moreover, the model does not incorporate the
possibility of a positive effect of minimum wage regulations on labour
supply, i.e. the effect that, if the minimum rises, people start looking
for work (and may find a job) because the new minimum exceeds their
reservation wage. The only employment effect taken into account in the
Meyer and Wise model is the negative demand side effect.

In this paper, an extended version of the Meyer and Wise model is
presented in which all four effects mentioned above are incorporated: Both
the demand side and the supply side employment effect, end the income
effects for minimum wage earners as well as for other workers. The model
has a more structural character in the sense that demand side, supply side
and wage formation can be distinguished. It contains separate (reduced
form) equations explaining demand and supply of labour for each
individual. Moreover, it explains the individual's market wage as a
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function of demand side factors, supply side factors, and institutional
constraints in the form of minimum wage regulations. The model also
generalizes the Meyer and Wise model in the sense that the legal minimum
wage is not the only minimum regulation taken into account. We allow for

the possibility that the relevant minimum for an individual differs from
the legal minimum. This relevant minimum is included as a latent variable.

The model is described in section 8.2. In section 8.3, some attention
is paid to the cross-section data of the first wave of the Dutch 'Socio

Economic Panel' in 1984, which are used for estimation. This is a
subsample of the data set used in the previous chapter. The analysis in

this chapter however is restricted to males only. Section 8.4 presents the
likelihood-function and in section 8.5 the ML-estimation results are
discussed. In section 8.6, some simulations with the model are reported,
wl-iiie secticn 8.7 reports scme tests cf Wisspecification. Sectien 8.8
concludes.-

8.2. The Model

For clarity of presentation, we first explain the working of the model
in a setting without institutional constraints, i.e. in the absence of any
minimum wage regulations. In this case it is assumed that labour market

status (either employed or unemployed) snd wage rate of individual t are
determined as follows.

Ft - Xta t Elt (8.1)

Rt-yt~Bte2t (8.2)

If F't~Rt then the individual does not work.

If Ft)Rt then the individual works and his wage rate Wt is given by

log Wt- WFt . (1-W)Rt (8.3)

In equation (8.1), F't is the logarithm of the reservation wage of the

firms for individual t. It is the maximum wage rate the firms are prepared

to pay for hiring this individual 'in normal circumstances'. According to
neoclassical theory, this wage rate depends on the worker's marginal

productivity and thus on some individual characteristics such as education
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and age. These characteristics are included in a vector Xt-(Xtl" "Xtf)~'
a-(al,...,af)' is a vector of parameters. Moreover, the individual's
productivity is allowed to depend on characteristics about which no
information is available in the data.l) These characteristics are
incorporated in the random term Elt'

Rt in equation (8.2) can be interpreted as the logarithm of the
individual's reservation wage. It depends on a vector of observed
individual characteristics Yt-(Ytl ""'Ytr)~ ~d an unobserved random term
e2t, accounting for random variation of preferences. ~-(pl,...,pr)' is a
vector of parameters. Rt is the smallest wage rate the individual will
accept. Thus, (8.2) can be seen as the inverse of the usual (probit-type)
participation equation in which the wage rate appears on the righthand
lide with a positive sign. See, e.g., Heckman (1974).

If the individual's reservation wage exceeds the wage the firm is
willing to pay, then the individual w311 choose not to work. If on the
other hand Rt is smaller than Ft, then the individual will be hired and
the distance between the two reservation wages Rt and Ft yields some room
for wage bargaining. We assume that the actual wage rate will be the
result of some wage bargaining process and will be a weighted geometric
mean of the two reservation wages. This yields equation (8.3), where the
weight W(with OCy(1) indicates the relative power of the worker in the
bargaining process. y can be assumed to be the same for all individuals,
but it may also depend on other variables which may influence the
bargaining power of worker end firm, such as, for exemple, the sector in
which the firm is operating.

Althou~h it would be more natural to assume that Rt is an after tax
wage rate, we assume that both Wt and Rt are before tax wage rates. This
can be justified by the assumption that the before tax wage rate is a
monotonic transformation of the after tax wage rate, and Rt then is the
before tax wage rate corresponding to the after tax reservation wage of
individual t. Since in this study we do not focus on the number of hours
worked, but only on the choice whether to work or not, this approach has
hardly any drawbacks. In principle, the impact of tax reforms can still be
analysed. For exemple, an increase of the income tax rate would not affect
Ft, but would imply an upward shift of Rt. As a consequence, the change of
the (before tax) market wage rate given by (8.3) depends on w: the smaller
y, the more the tax increase will push up actual labour costs. Note that
variation in the tax regime across individuals is implicitly taken into
account in (8.2), both through Xt'~ and through E2t.
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Institutional constraints such as minimum wage legislation or
agreements between unions and employers in certain branches of industry
may imply that the individual worker and firm face the restriction that no
wage below a given threshold can be paid. The logarithm of this (before
tax) minimum, individual t's threshold value in the wage distribution, is
denoted by Tt. We assume that it is given by equation (8.4):

Tt - zt~ ` E3t (8.4)

The vector Zt only comprises those characteristics of individual t which
are considered to be relevant for the minimum wage regulation he faces.
The random term e3t represents differences between minimum wage rates for
different individuals which are not captured in Zt'~r, for instance as a
result of differences between union contracts ir. varicus sectors (our dsta
do not allow for the explicit incorporation of these differences in the
model through the vector Zt, since detailed information about a worker's
sector of industry is not available).

If we take the presence of minimum wage regulations into account, six
different situations may arise, according to the ranking of Rt, Ft and Tt.

The working of the model can be explained by considering these six
situations separately:

a. TtCFt(Rt. In this case the individual's reservation wage exceeds both
the wage corresponding to his productivity and the minimum wage and
therefore he will not work.

b. Ft(Tt(Rt. This is essentially the same case as case a.; the individual
will not work.

c. Tt(Rt(Ft. In this case the minimum wage constraint is not binding and
has no impact on the bargaining position of either employer or
employee. The outcome is thus the same as in a world without minimum
wage rates: The individual works and the wage rate is given by (8.3).

d. RtCTt(Ft. The wage corresponding to the individual's productivity
exceeds the minimum so the firm will be prepared to pay the minimum or
any wage between Tt and Ft. The individual has a relatively low
reservation wage, i.e. he or she would be prepared to work for the
minimum wage. It thus seems reasonable to assume that the individusl
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will be hired and that his bargaining position is determined by the
minimum instead of his own reservation wage. The wage rate is then
given by equation (8.5):

log Wt- wFt t (i-w)~ (8.5)

Throughout this paper, we assume that the weight in equation (8.5) is
the same as the weight in equation (8.3), in order to guarantee
continuity of Wt as a function of 1't at 1't-Rt. Note that this implies,
if wCl, that the wage rate given by (8.5) will exceed the wage rate
given by (8.3), which would be paid in absence of minimum regulations.
Thus equation (8.5) incorporates the effect that minimum wage
regulations can push up wage rates above the minimum (the 'income
effect' for workers who earn more than the minimum).

Note that (8.5) implies that the elasticity of Wt with respect to
the minimum equals 1-w and thus does is not allowed to depend upon the
distance between Ft and T't. Moreover, it is assumed that this
elasticity equals the elasticity of Wt with respect to the individual's
reservation wage in the case without binding minimum constraints. We
also estimated a version of the model in which the latter assumption
was relaxed in the sense that (8.5) was replaced by

loB Wt- WFt f ~(i-w)TL ; (1-~)(1-W)Rt . (8.5')

but the estimate for ~ appeared to be equal to one, in which case
(8.5') reduces to (8.5).

e. RtCFtCTt. In a strictly neoclassical framework, the individual will not
be hired in this case, since his productivity is so low that it is not
attractive for the firm to pay him the minimum wage. In this way the
model accounts for the negative employment effect of minimum wege
regulations. Following Meyer and Wise (1983a) however, we allow for the
possibility that with a positive probability the firm will still hire
the individual and pay the minimum:

log Wt - Tt (8.6)

This probability is denoted by PT; i t is, for the time being, assumed
to be the same for all individuals. Employees with RtCF'tCT't and a wage
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rate given by (8.6) benefit from a high minimum wage level. Thus,
equation (8.6) embodies the income effect for minimum wage earners. If
the assumption that PT is the same for all people is relaxed in the
sense that a negative relationship between the probability PTt and the
'productivity gap' Tt-F't would be allowed for (as in Meyer and Wise,
1983b), then an increase of Tt would imply another negative (demand
side) employment effect: because the gap increases, some fraction of
the people with RtCFtCTt will no longer be hired.

f. FtCRtCTt. This situation is similar to the previous one: with
probability 1-PT the individual does not work and with probability PT

the individual works, in which case his wage rate is given by (8.6). In
the latter case, the income effect for minimum wage earners is

relevar.t. Mcrec:~er, these people would not wcrk if there :oere r.c
minimum wage regulations, because the wage corresponding to their

productivity is not attractive. This reflects the positive supply

effect of minimum wage regulations on employment. Note that for those

with FtCRt(Tt who do not work, the minimum wage cannot be blamed for
this: in absence of minimum wage regulations, they would still not work

since the wage firms would be willing to pay would be too low.

The error terms Elt' t2t and e3t are assumed to be i.i.d. drawings from a
jointly normal distribution with mean 0 and (unknown) covariance matrix ï.
Since we assume that unobserved demand side factors, supply side factors
and institutional constraints are independent, i is chosen diagonal.

Meyer and Wise explicitly allow for the possibility that the minimum
wage legislation does not apply or can be evaded. In the Netherlands, the
legal minimum wage formally does not apply for those who work only a few
hours a week. Thus it seems appropriate to allow for the possibility of
sub-minimum wages. According to equation (8.4), the probability that an
individual's relevant minimum is below the legal minimum is given by
Pr(e3tC-ZtytlogMt), where Mt denotes the legal minimum, and this
probability is positive. Still, given the normal distribution of e3t,
flexibility is added if we explicitly allow for sub-minimum wages by
replacing (8.4) by (8.4'):

Tt - Zty t e3t with probability 1-PI
(8.4')

Tt - -m with probability PI
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Note that if PI-O then (8.4') is the same as (8.4). On the other hand, if
PI-1 we are back in a setting in which minimum wage rates play no role and
the model is completely given by equations (8.1), (8.2) and (8.3).

Identification of the limited and latent dependent variables model
introduced above is a complicated issue. Intuitively, it seems clear that
restrictions on the characteristics included in X, Y and Z are necessary.
This can be illustrated by looking at the simplified case in the setting
without minimum wage regulations. In this case, the model can be rewritten
as follows:

Et - Xta - Yt~ } Elt- E2t

Wt - wXta t(1-w)YtR t wEltt (1-w)Ezt

If EtCO then the individual will not work
If Et)0 then the individual will work with log-wage rate Wt.

This is the 'traditional' Heckman-type selection model consisting of a

wage equation and a Probit equation for participation . If no restrictions
on i, a, p or w are imposed and if Xt and Yt are equal, then it is easy to

check that the model is not identified. If on the other hand Xt contains
at least one characteristic which is not included in Yt, and Yt contains

at least one characteristic not included in Xt, then all parameters are
identified.

T'he identification problem in the complete model is much more
intricate. In view of the argument given above, we impose restrictions
such that Yt includes characteristics not included in Xt and that Xt
contains variables not included in Yt. Moreover, in order to limit the
computational burden, i.e. the number of parameters to be estimated, we
only take those effects into account which are a priori considered to be
most important. We therefore strongly restrict the specification of
equations (8.1), (8.2) and (8.4). Having estimated the restricted model, a
large number of specification tests are available to indicate whether or
not the restrictions are rejected by the data. See for example Blundell
and Meghir (1986), who discuss a number of model selection criteria for
similar models. In this paper, we restrict ourselves to some chi-square
goodness of fit tests (see section 8.~).
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8.3. The Data

In this chapter, the analysis is restricted to males only. The model
introduced above is estimated with data from the first wave of the 'Socio
Economic Panel', collected by the Netherlands Central Bureau of Statistics
(CBS) in April 1984. The data set contains information on 3151 males
between 16 and 65 years of age. We excluded disabled persons and people in
compulsory military service. The following explanatory variables are used
in the empirical analysis.

CON: ~ constant term.
DED2, DED3, DED4 and DED5: dummy variables referring to the individual's

education level. At the lowest level, all dummies are 0. For
example, at the third level DED3-1 and DED2-DED4-DED5-0, etc.

i.AGF.: the logarithm of thP individunl's age in Anril iq84.
L2AGE: LAGE-squared.

D3LAGE: DED3~LAGE.
D45LAGE: (DED4tDED5)~LAGE.

NCH: the number of children in the family (NCH-O if the individual is
not one of the parents).

DCH6: dummy variable; DCH6-1 if the individual has children younger than
six, DCH6-0 otherwise.

DSI: dummy variable; DSI-1 in case of a one-person household; DSI-O
otherwise.

D1P: dummy variable; D1P-1 if the individual is the only parent in the
household; D1P-0 otherwise.

DHP: dummy variable; DHP-1 if the individual is the head of a family
and DSI-DIP-O; DHP-O otherwise.

DWEST: dummy variable; DWEST-1 if the family lives in the western part of
the Netherlands ('Randstad').

UNP: unemployment percentage in the region where the individual lives

DPU: dummy variable; DPU-1 if the individual has a job in the public
sector; DPU-O otherwise.

DAGR: dummy variable; DAGR-1 if the individual works in the agricultaral
sector; DAGR-O otherwise.

DCON: dummy pertaining to employment in the construction sector.
DTRA: dummy pertaining to employment in the trade sector.
DTST: dummy pertaining to employment in the transport and storage

sector.
DBIN: dummy pertaining to employment in the banking and insurances

sector.
DOSE: dummy pertaining to employment in the other services sector.

The dummy variables referring to family status imply that someone with
DHP-DSI-DIP-O is a member of a family with a family head other than
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himself. This mainly refers to children living with their parent(s). The
dummy variables pertaining to sectors are defined for workers only. If
DAGR-DCON-DTRA-DTST-DBIN-DOSE-O then the individual works in the
manufacturing sector.

Table 1. Sample statistics; males, April 1984

Variable mean standard minimum maximum number of
deviation observations

DED2 0.235 0.424 0 1 3151
DED3 o.4i2 0.492 o i 315i
DED4 0.113 o.3i7 o i 315i
DED5 0.053 0.223 0 1 3151

LAGE 3-509 0.369 2.77 4.16 315i
L2AGE 12.451 2.565 7.69 17.30 3151
D2LAGE 1.462 i.758 0 4.i6 315i
D45LAGE 0.606 1.364 0 4.16 3151

Ncx o.832 i.o78 0 7 3151
DCH6 0.206 0.404 0 1 3151
DxP o.7oi o.458 0 1 3151
DSI o.075 0.263 0 1 3151
DiP 0.006 0.075 0 1 3151

DWEST o.435 0.496 0 1 3151
uNP 17.588 2.535 14.60 24.20 315i
DPU o.420 0.494 0 1 2073
DAGR 0.049 0.215 0 1 2073
DCON o.l08 0.310 o i 2073
DTST o.123 0.329 0 1 2073
DTRA o.i12 0.315 0 1 2073
DBIN o.078 0.268 0 1 2073
DOSE 0.271 0.444 0 1 2073

wbt 23-57 15.14 3.64 184.4i 2073
wat i3.46 6.18 2.88 60.37 2073
Explanation:
Wbt: before tax hourly wage rate.
Wat: after tax hourly wage rate.

Table 1 contains some sample statistics of these variables and of the
endogenous variables. 23.1x of all sample individuals had no job at the
time of the interview. This includes students, of whom only a very limited
number have a part-time job, people who retired before 65, unemployed
people looking for a job, and those who are voluntary or involuntary
unemployed without looking for a job. After tax hourly wage rates for
workers are computed from actual hours worked and after tax labour income.
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For 14.4x of all workers, at least one of these variables is unlmown and
no wage rate could be computed. Using a rather detailed approximation of
the Dutch tax system, after tax wage rates are transformed into before tax
wage rates.

8.4. The likelihood function

The model is estimated by Maximum Likelihood. Apart from the model
assumptions mentioned in section 8.2, one extra assumption is necessary to
take account of the fact that not all wage rates are observed. Following
Meyer and Wise (1983a), we assume that the event that a worker's wage rate
is not observed is independent of all error terms in the model. The
probability of this event is denoted by PU.

We write PT'-PT(1-PI). Sample individuals car be divided into three
categories: non-workers, workers with unknown wage rate, and workers whose
wage rate is known. The likelihood contribution Lt of individual t is as
follows.

I. non-workers are either in state a., state b., state e. or state f.:

Lt- Pr(e3t-Elt(Xta-Zt~ and elt-e2t~Yt~-Xta) r

Pr(Elt-e3tCZtrY-Xta ana E3t-E2tCY~P-Z~ij) t
Pr(e2t-Elt(Xta-Ytp and elt-E3t~Zty-Xta)(1-PT'-PI) t
Pr(elt-e2t~Ytp-Xta and e2t-e3tCZty-Yts)(1-PT')

This is linear combination of bivariate normal cumulative
probabilities. Note that diagonality of the covariance matrix i of

(elt,e2t,e3t)' does not imply that the probabilities can be written as
products of univariate cumulative normal probabilities.

II. workers with unknown wage rates are either in state c., state d.,
state e. or state f.:

Lt- PU {Pr(E3t-e2t~Ytp-Zty ana e2t-e1tCXta-Yts) t
Pr(e2t-e3t(Zt~-Yts ana E3t-elt(Xta-ZtX) t
Pr(e2t-e1t~Xta-Ytg and Elt-e3t~Zt~-Xta)(PT'tPI) t
Pr(elt-e2t(Yt~-Xta and E2t-s3t~Zt~-Yt~)PT'}
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III. workers with known wage rate Wt are either in state c., state d.,
state e. or state f.; let a1-logWt-wXta-(1-w)Ytp,
a2-logWt-wXta-(1-w)Ztá. a3-1oBWt-ztX; let 31t-wEit}(1-Y)E2t'
~2t-welt}(1-y)e3t, and let fl, f2 and f3 be the (normal) probability
density functions of ;lt' ~2t ~d E3t respectively. Then the
likelihood contribution is given by:

Lt- {1-PU}
{Pr(E3t-E2tCYLR-Zt~r and e2t-E1t~Xtac-YtPI31t-a1)fl(al) t
Pr(EZt-e3t(Ztë-Yt~ ana e3t-elt(Xta-Ztxl3zt-~)fz(~) (1-PI) t
Pr(EZt-e3t(Zt,y-Ytp and e3t-E1t~Xtoc-Ztë~;lt-a1)fl(al) PI t
Pr(e2t-e1tCXta-Ytp and elt-e3t(ZtX-Xta~E3t-a3)f3(a3) PT'.
Pr(e2t-E1t~Xta-Ytp ana elt-e3t(Zty-Xta~;lt-a1)fl(al) PI 4
Pr(Elt-e2t~Ytl~-Xtoc and EZt-e3t(ZtX-YtP~E3t-a3)f3(a3) PT'}

All these conditional probabilities are bivariate normal and the
corresponding means and variances can easily be derived (see e.g.
Johnson and Kotz, 19~2).

Note that the value of PU has no impact on the ML-estimates for the other
parameters in the model. This is still the case if PU is not assumed to be
the same for all individuals, but is allowed to vary with exogenous
individual characteristics. In the remainder of the paper, we do not pay
attention to estimation of PU.

8.5. Estimation results

In order to limit the number of parameters to be estimated and to
avoid numerical problems, we estimate a specification of the model with
only those variables included in Xt and Yt which are considered most
important. The restrictions are based on the assumption that F't reflects
productivity, whereas Rt depends on individual preferences and not on
productivity. Note that the model does not account for the possibility
that people may refuse a job offer because they prefer to search for a
more attractive job, since in that case Rt would depend on the
individual's wage offer distribution and thus on productivity. The
assumption that the matrix L is diagonal, i.e. elt, e2t and e2t are
independent, can be justified with the same argument. Moreover, we use a
strongly restricted specification of the threshold equation:
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Zty - logMt . yG} ~1LACEt ~ y2L2AGEt (8.7)

Equation (8.7) implies that the elasticity of the threshold value Tt with
respect to the legal minimum wage rate, Mt, is equal to one. Since the
only variation in Mt in cross-section data is due to the fact that legal
minimum wages for youth are lower than the legal minimum for adults, it
does not seem very useful to relax this assumption. On the other hand, the
age variables are included to account for fixed periodic salary raises,
etc.

The probabilities PT and PI are assumed to be the same for all
individuals. Since results of policy simulations strongly depend on the
parameter y, which determines the magnitude of the income effect, it seems
worthwile to relax the assumption that y is the same for all individuals.
For this reason, ~ is s2lowsd to deper.d on some variables which are
considered. to be relevant for the bargaining process between employer and
worker, i.c. the variables DAGR, DCON, DTRA, DTST, DBIN and DOSE
pertaining to the industrial sector, the dummy DPU pertaining to whether
someone works in the public sector or in the private sector, and UNP, the
unemployment percentage in the region.2) These variables are included in
a vector denoted by Vt. In order to ensure that y will be between 0 and 1
for all individuals, we choose to work with the following specification:

wt - ~(b'~t) (8.8)

where ~ is the cumulative density function of the standard normal
distribution and b is a vector of unknown parameters.

The likelihood i s maximized using the algorithm of Berndt et al.
(1974). Parameter estimates and corresponding standard errors, estimated
using the outer product of the scores, are presented in Table 2. The first
column of the upper panel contains the estimates for the firm's
reservation wage equation. All parameters except the coefficient for DWEST
are significantly different from zero at a 5X level. The estimates for
education dummies and interaction terms imply a strong positive
relationship between the education level and productivity. For instance.
firms on average - ceteris paribus - would be prepared to pay 3.2 times
more to a 25 years old university graduate than to someone of the seme age
but of lowest schooling level. According to the positive ccefficients for
the interaction terms between age and education, the importance of

education increases with age; For a 45 years old university graduate, F"
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would be 8.9 times as large as for someone of the same age and of lowest
schooling level. The coefficients for LAGE and L2AGE imply that for people
of low schooling level productivity is increasing (ceteris paribus) until
approximately 40 years of age. At this age, the firm's reservation wage is
almost 4.4 times as large as at age 16. For males with a high level of
education, productivity increases during almost the whole working career;
at age 40, F" is on average 3.8 times as large as at age 25.

The simultaneous effects of education and age correspond to intuítion.
Some of the effects seem rather strong, but it should be kept in mind that
in this model productivity is latent and has only limited impact on the
actual wage rate. The elasticity of the actual wage rate with respect to
F} is either equal to y(for those whose wage rate is determined by (8.3)
or (8.5)), or equal to 0(for those whose wage rate is given by (8.6)).

Because of a relatively heavy concentration of industrial activity in
the western part of the Netherlands, one might expect that on average
productivity in the west exceeds productivity in the rest of the country.
The estimate for the coefficient of DWEST implies that the ceteris paribus
difference is lOX; the effect is significant at a lOX level but not at a

5X level. Finally, compared to the estimates for the slope coefficients,
the estimate for E(1,1) is rather large, suggesting that a large amount of
productivity variation is not captured by the characteristics in Xt.

The estimates for the supply side reservation wage are given in the
second column of the upper panel of the table. The impact of the education
level is not as strong as in the F'~ equation, but still two of the dummies
are significant. The estimates imply that people with high education are
less willing to work for a given wage rate. This effect does not
necessarily imply that these people have stronger preferences for leisure;
it may just indicate that people with a high level of education may prefer
to remain unemployed for some time in order to wait for a job with a
higher wage. This job search argument cannot be explicitly incorporated in
the model.

The reservation wage attains s minimum at 35 years of age, which means
that at this age the (ceteris paribus) participation probability is
largest. The number of children and the presence of young children have no
significant impact on male labour supply. This is a common finding for
most Dutch labour supply studies (see, e.g., Chapters 5 and 6). on
average, single males appear to be less willing to work than others.

The estimates for the parameters in the T` equation imply that on
average the relevant minimum wage rate for an individual is increasing
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with age until approximately 52 years of age. For a 16 years old male, the

average relevant minimum exceeds the legal minimum by only 1X. For a 40
years old male however, the difference is about 36X. These results

correspond to the fact that T' may account for, e.g., fixed periodic

salary raises. For only few males the relevant minimum is smaller than the

legal minimum. This is a consequence of the small estimates for both

F(3.3) and PI. Apparently, the Tt equation does not simply capture

existing minimum wage regulations formalized by law or union agreements,

but also less explicit constraints. Thus it might be useful to interpret

Tt in a broader sense than just as a minimum wage; it can be seen as some

kind of reference wage level for firms. For adults, it is closer to the

modal wage rate than to the legal minimum wage rate in the Netherlands.
The estimate for PT implies that approximately 30X of those with a

pro3uctivity belcw the productivity correspondiag to the relevant minim~is
wage will still be hired. This number seems rather high in view of the
fact that in the neoclassical model there is no economic rationale for
firms to pay the minimum to low productivity workers. Incomplete
information and hiring and firing costs may be important reasons why firms
still employ these people and pay them the minimum wage. The significantly
positive sign of PT suggests that the income effect of a change in minimum
wage rates for minimum wage earners is important.

Finally, the estimates for the bj's imply that both workers and firms
have a significant impact in the wage bargaining process. Moreover, for
all males Wt~0.5, so the bargaining power of the firms is larger than that
of the workers. The low value of y implies that the income effect of
minimum wage regulations on high productivity workers with individual
reservation wage below the minimum (case d.) is large, since their wage
rate is given by equation (8.5). It also implies that an increase of tax
rates on -labour income will largely be paid by the firms. For people in
the private manufacturing sector, the average value of y is 0.31. In the
agricultural sector y is significantly larger, implying that the
bargaining power of the workers is larger. This suggests that people in
this sector are relatively well paíd. The same holds true to a smaller
extent for workers in the banking and insurences sector. In the trade and
transport sectors, workers are paid relatively worse. People working in
the public sector are on average worse off than those in the private
sector. These differences may however also reflect compensating
differences in fringe benefits, such as retirement programs, health
insurance arrangements, etc. Finally, the negative estimate for UNP imlies
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that in those regions where unemployment is largest, the bargaining
position of the workers is weakest, which corresponds to intuition.

Table 2. Estimation results (`: significance at the 5x level)

Parameter Estimate St error Estimate St error

F"equation R"equation
coxsTANT -28.06 " 3.38 112.17 ` 8.53
DED2 0.17 ' 0.08 -0.25 0.27
DED3 -1.28 " 0.55 0.40 0.26
DED4 -5.07 " 0.93 1.36 ` 0.30
DED5 -4.51 " 0.92 1.47 ` 0.36
LAGE 17.07 " 1.90 -63.80 ` 4.92
L2AGE -2.31 " 0.27 9.01 ' 0.69
D3LAGE 0.50 " 0.16
D45LAGE 1.76 " 0.26
DwEST 0.10 0.05
NCH 0.05 0.13
DCH6 o.oz 0.35
DHP -0.13 o.3i
DSI 1.27 ` o.3i
D1P -1.79 9.27
JF(.,.) l.lo " 0.07 1.78 ' 0.07

T"equation
CoNST -3.198 " 0-755
LAGE 1.790 " 0.429
L2AGE -0.227 " 0.061
JF(3,3) 0.042 ' 0.068

PI 0.009 " 0.002
PT 0.300 " 0.053

w-~ b~v
CONST -0.208 0.109
DAGR o.251 " 0.057
DCON -0.195 " 0.038
DTST -0.101 " 0.036
DTRA -0.117 ` 0.038
DBIN o.162 " 0.044
DOSE o.039 0.035
DPU -0.270 " 0.027
UNP -0.017 " 0.005

8.6. Simulations

In order to illustrate the working of the model and the implications
of the estimation results, some simulations were performed. For each
individual, ten drawings of the error terms el, e2 and E3 were generated
and thus the probabilities of the states a. through f. and the expected
wage rate were approximated. In Table 3 average results for all sample
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individuals are presented. The first two columns refer to the actual 1984-
situation, i.e. they are based on existing minimum wage regulations. In
the first column, the simulated numbers of males in each possible labour
market state are given as a fraction of the total number of males in the
sample. It appears that most people are in state d.; these people are
willing to work even for the minimum wage and have a large enough
productivity. They will thus be hired and their wage rate is determined by
equation (8.5), i.e. depends on their productivity and the relevant
minimum wage. The ( geometric) average of the simulated wage rates is given
in the second column of the table. For those in state d., this wage rate
exceeds the Dutch legal minimum wage rate for adults by almost 74z. The
numbers of workers in other states are much smaller. Group c. contains
relatively~ many older people with a high productivity and a high
reser-~atica wage aad thus the av2rage wag2 rate fcr this group is rather

high. Categories e. and f. refer to males with low productivity, mainly
those with a low education level and little working experience, who are
paid according to some minimum regulation. People in category e. who are
unemployed could be called 'involuntary unemployed due to minimum wage
constraints'. The number of (both employed and unemployed) people in state
f. appears to be smaller than the number in state e., implying that, at
least for males, supply effects of minimum wage regulations are
outweighed by demand effects.

If for a moment we would assume that all (involuntary) unemployment
could be explained by minimum wage constraints, then all people in states
a. and b. would be non-participants, and the only categories of
involuntary unemployed people would be those in states e. and f. The
numbers in the table imply that in that case, the unemployment rate for
males would be equal to (9.7t1.3)~(l00-7.9-6.o)M1GGz-12.8X. Since
registered unemployment among males in the Netherlands in April 1984 was
16.4X, this leads to the preliminary conclusion that approximately 75z of
Dutch unemployment among males can be explained by downward wage
rigidities due to (implicit or explicit) minimum wage regulations. This
finding corresponds very well to the findings in the previous chapter. The
remaining 25x of unemployed males are, according to this model, in either
state a. or state b., together with non-participants.

In the lower panel of the table, aggregate results for the whole
sample are given. The simulated employment fraction is 75.o3z, which does
not correspond too well to the sample employment fraction of 76.86X.
Simulated wage rates on average seem rather low: the geometric mean is
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almost 1.9X lower than the sample mean. Thus, the sample distribution of
wage rates is not completely captured by the model.

Tabel 3. Simulation results
actual minimum After lOX increase
wage rates of minimum wage rates

Status Fraction Wage rate Fraction Wage rate
w w w

a. T CF CR (not empl.) 7.9X 7.4x
r r r

b. F~T (R (not empl.) 6.OX 6.2X
w w r

c. T~R (F (employed) 8.9X 28.2 8.2X 29.2
w r w

d. R CT (F (employed) 61.3X 20.0 60.1x 21.7
w w w

e. R (F (T
employed 4.2X 14.6 4.8x 16.0
not employed 9.7x 11.Ox
w w w

f. FCRCT:
employed 0.6X 12.2 0.7X 13.5
not employed 1.3X 1.5X

sample totals:
employed 76.86X 20.74

simulated totals:
employed 75.03x 20.35 73.81X 21.92

The extent to which the model is able to reproduce the sample wage
distribution is illustrated in detail in Figure 1, in which both the
simulated and the actual distribution of before tax wage rates are
sketched. Fmm this figure, it follows that the model underpredicts the
number of wages below Dfl 15, whereas it overpredicts the number of people
with a wage rate between Dfl 15 and Dfl 18 per hour, and again
underpredicts the number of wages between DFL 18 and DFL 22. On aggregate,
this yields an underprediction of the average wage rate. Moreover, the
skewness of the predicted wage distribution is larger than the skewness of
the actual distribution. Formal tests of misspecification are discussed in
the next section.

The last two columns of Table 3 illustrate the consequences of an
increase of all threshold values Tt with lOX. This simulation has only
limited value as a guideline for policy measures, since for that purpose a
much more detailed study of the sensitivity of the results with respect to
the specification chosen is necessary. Moreover, similarly to the
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simulations in the previous chapter, it should be interpreted in a ceteris

paribus context. It is assumed that the equations for the firm's and the
individual's reservation wage do not shift in response to the change in
all minimum wage rates. This assumption is at best an approximation of
reality. The firm's reservation wage may change if the productivity of
each worker shifts as a consequence of a changing composition of the
labcur force employed, and the individual's reservation wage also might
change, if it depends on the distribution of offered wage rates.

Ti

-~';- Samp[e distributtion
o-.o-p Si~nulated distributio~n,

1og(w)

Figure 1. Wage rate distribution

The aggregate results imply that the negative employment effect is
rather strong: employment will decrease with 1.6X. This elasticity is
small if compared to the findings reported in Chapter 7, but larger than
most elasticities found with time series studies in the US (see Brown et
al, 1982). The employment effect is a result of a negative demand effect
and a small positive supply effect. The largest part of the effect is due
to changes in category d.: a number of people in this category with
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productivity just above the minimum will end up in state e. if the minimum
rises. A number of these people however remain employed and receive the
minimum wage and this limits the employment elasticity. In other words,
the magnitude of the employment elasticity is inversely related to the
value of PT in this model. The value of PT has yet another implication: It
determines the number of minimum wage earners and thus a large value of PT
implies that the income effect for minimum wage earners has an important
impact on the overall average wage level. This effect is reflected in the
table by the numbers of employed people in categories e. and f.: 4.SX of
all males. Moreover, the large value of 1-y implies that the income effect
for people in state d., who earn more than the minimum, is also very
strong. The average wage in this category increases by 8.9X. The largest
part of the increase is due to the impact of the minimum wage on wages
above the minimum, as can be seen from equation (8.5). Moreover, those
people in state d. with the lowest wages are no longer in state d. after
the minimum increase. The average wage rate for all workers in the sample
increases by 7.~X- Part of this is due to the changing composition of the
employed labour force: The employment decrease mainly affects the low wage
earners. Most of the effect is due to the wage increase for workers with a
wage above the minimum.

An important advantage of the micro-approach is the fact that it is
possible to look at differences between labour market positions of people
with different characteristics. Table 4 summarizes some disaggragate
information similar to the aggregate numbers in Table 3.

The figures in Table 4 show first of all to what extent the model

captures sample differences in employment rates and wages between

different education and age categories. Apparently, these differences are

tracked to a large extent, though not completely. In particular,

employment for youth is overpredicted, whereas for the other age

categories employment is underpredicted. The latter also holds for people

of inedium education level. The average wage rates for all groups are

reproduced rather well.
The third and fourth column of the table reveal how the impact of

minimum wage regulations varies across education and age categories. As
could be expected, both the negative demand side and the positive supply
side employment effect of minimum wage regulations play the largest role
for people with low education level, i.e. those with low productivity. For
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sll categories, the supply side effect is outweighed by the demand side
effect. According to these results, if minimum wages were the only cause
of unemployment, the unemployment rate for people of low education level
(including category f. unemployment) would be 19.4X, whereas for those
with a high level of education it would be no more than 2.4X. For youth it
would be 20.6X and for people older than 45 it would be 10.5X. One might
expect that the impact of minimum wage regulations would decrease more
with age, but the age effect is limited due to the role of age in the
equation for the relevant minimum T~.

Table 4. Disaggregate simulation results

group 1 2 3 4 5 6
educ. level
1,2 63.98 63.89 13.38 0.83 16.88 16.78
3 84.76 80.05 9.08 0.60 20.44 zo.io
4,5 90.04 91.11 1.88 o.i4 30.38 29.89

~
t25 46.64 48.77 9.94 i.23 13.65 i3.37
25-44 89.50 86.05 io.78 o.z6 21.67 2i.i9
45-65 82.41 79.47 7.71 0.68 24.14 24.62
F~cplanation -
column 1: employment percentage, sample
column 2: employment percentage, simulated
column 3: percentage of people who are unemployed and in state e,

simulated
column 4: percentage of people who are employed and in state f, simulated
column 5: average wage rate, sample
column 6: average wage rate, simulated

8.7. Some tests of misspecification

The misspecification which is suggested by Figure 1 can be tested
formally in several ways. An appealing test in this model, in line with
the intuitive arguments derived from the figure, is a chi-square goodness
of fit test. In Andrews (1988), a broad class of tests is presented, which
are based on partitioning the semple space into a given number of cells
and comparing sample probabilities with predicted probabilities, given the
parameter estimates and the covariates. These tests are generalizations of
the traditional Pearson chi-square goodness of fit test for the
multinomial model. Special cases sufficient for our purposes are also
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discussed in Heckman (1984). In case of ML-estimation, computation of the
2test statistic is easy. It equals the explained sum of squares (nR )

in a regression of the vector (1,...,1)'ERn on the scores and the
differences between observed and predicted cell probabilities.3)If the
cells are constructed as products of a partition of the covariatés space
(X) and the space of endogenous variables (Y), then the test statistic
follows a chi-square distribution with (in general) J-G degrees of
freedom, where G is the number of cells in the partition of Y.

We computed six test statistics based on different partitions of XxY.
For X, we used three partitions: (a) No partitioning of X(one cell), (b)
a partition into three age categories (below 25, between 25 and 45, and
over 45 years of age), and (c) a partition into three education categories
(lowest two levels, medium level, and upper two levels). For Y we used (a)
the partition into workers with observed wage rates, workers with unknown
wage rate and non-workers, and (b) a partition with workers divided into
five categories according to their wage rate: less than Dfl 15.86, between
Dfl 15.86 and Dfl 19.62, between Dfl 19.62 and Dfl 25.81, more than Dfl
25.81, and wage rate unknown. The chosen cell boundaries are the 0.25-,
0.50- and 0.75-quantiles of the distribution of sample wage rates.

Table 5. Chi-square tests

Part. of X Part. of Y Test statistic Crit. value
ac-0.05 a-0.01

(a) (a) ~.0 6.0 9.2
(b) (a) 23.6 12.6 16.8
(c) (a) 24.5 12.6 16.8
(a) (b) 18.4 11.1 15.1
(b) (b) 80.5 z5.0 30.6
(c) (b) 59.2 25.0 30.6

Explanation
Partitions of X: (a) all individuals in one cell

(b) three age categories
(c) three education categories

Partitions of Y: (a) three cells: non-workers, workers with unknown wage
~ rate, workers with known wage rate

(b) six cells; non-workera, workers with unknown wage
rates, four cells of workers with known wage rate,
partitioned according to wage rate level.

The results are presented in Table 5. All tests but one lead to
rejection of the null-hypothesis of no misspecification on a iX level.
From the results of the tests based on partition (a) of Y, it may be
concluded that the way in which the model incorporates the impact of age



- 191 -

and education on whether someone works or not and on whether a worker's
wage rate is observed or not, is not completely satisfactory. The test

based on partition (b) of Y combined with partition (a) of X relates to

Figure 1. We already concluded from this figure that the model does not
completely reproduce the sample wage distribution. The rejection in case

of the last two tests may be due to misspecification of both the

participation decision and the wage mechanism.

8.8. Conclusions

In this study we present a micro-econometric model of the labour
market extending the models introduced by Meyer and Wise (1983a,b). The
economic model has the merits that it allows for income effects for both
Winimum wage earn?rs and other workers, end demand side as well as supply
side employment effects. Moreover, it not only takes account of minimum
wage legislation but also of other, often more implicit, minimum wage
regulations that may constrain firms and workers. Although the model is
structural in a sense, it is still based on reduced form equations for
demand side, supply side, and market mechanism. In order to obtain an
empirically tractable model, complications were avoided, such that, e.g.,
job search theory and efficiency wage theory are not involved explicitly.

In order to avoid identification problems and to limit the
computational burden, extra assumptions were necessary. Therefore, the
empirical results should be interpreted with caution. Although the
simulation results seem plausible, large differences with the results
in Chapter ~ imply some warning: The conclusions appear to be sensitive to
the specification which is chosen. This makes it particularly important to
test for misspecification and to compare results of models based on
different assumptions.

Chi-square specification tests suggest that the specification of the
model introduced in this paper can be improved. Several generalizations
can be suggested, such as a more flexible specification of the firm's
behaviour, the individual's behaviour, the threshold value equation, or
the wage bargaining mechanism. Distributional assumptions about the error
terms, such as the homoskedasticity assumption, might be relaxed. It may
also be worthwile to relax the assumption that the probabilities PI and PT

are the same for everyone, or to allow for the possibility of unemployment
which cannot be explained in terms of (reservation) wage rates. One might

for example think of temporarily unemployed people waiting for an
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attractive job offer. Lagrange multiplier tests might be used to determine
which extensions are worthwile. F.~ctension of the model also might involve
the use of.more information in the data. Information about whether people
are looking for a job or not can be used to distinguish involuntary
unemployment from non-participation. Data on the labour market history of
(unemployed) individuals or panel data would make it possible to
incorporate dynamic features.

In spite of apparent drawbacks, we believe that the micro-approach is
a promising complement to the use of macro-economic models for the
analysis of future policy measures. The approach explicitly recognizes the
strongly heterogeneous nature of the labour market and this leads to
insights which a macro-analysis can barely give. On the other hand, much
of what is done here strongly hinges on the ceteris paribus condition.
i.e. results are only valid in the given macro-economic context.
Combination of micro- and macro-approach therefore seems worthwile as a
topic of future research.

Notes Chapter 8

1) These characteristics are thus unobserved in the sense that we do not
observe them. They are however assumed to be observed by both the
individual and the firm.

2) UNP is the weighted average rate of the registered unemployment rates
for males and females. We distinguish 11 regions (provínces).

3) The observed probability is one if the individual belongs to the cell
and zero otherwise. The predicted probability is the probability that

the individual belongs to the cell, given the covariates and the
parameter estimates.
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9. CONCLUSIONS

The essays in this thesis deal with different aspects of micro-

econometric modelling of household behaviour. The models discussed in the

various chapters differ from one another with respect to the assumptions

underlying them. Still the studies share a number of common themes, as is

made clear in Chapter 1.

In Chapter 2, we analyse household vacation expenditures, applying

recently developed techniques for limited dependent variable models. The

model under consideration is an extension of models with unobserved

threshold variables in the literature (cf., e.g., Maddala, 1983, and

Nelson, 197~). Empirical findings include a small positive income

elasticity of domestic vacation expenditures and a large positive income

elasticity of expenditures on vacations abroad. An extended version of the

model introduced in Chapter 2 is presented in Van Soest and Kooreman

(1989). In this paper, vacation expenditures abroad are split up according

to the country of destination and cross-section data from four consecutive

years are used. The empirical results in the two studies are well in line

with each other.
The contributions of Chapters 3 and 4 are methodological. These

chapters give some directions on how to handle coherency problems in
empirical practice. In Chapter 3, the relationship is established between
coherency and regularity for the specific parametric demand system
introduced by Lee and Pitt (1986).

The approach in Chapter 4 is much more general and, as a consequence,

leads to less tangible results. The first part of the chapter contains

some examples to illustrate the nature of the coherency problem in

structural neoclassical models. The main contribution of Chapter 4 is to

convince ,the applied worker of the fact that attention should be paid to

coherency from the start. If coherency is not guaranteed, the usual

practice of only checking regularíty conditions afterwards will often not

be feasible. Parameter estimates can be inconsistent if parameter values

which do not yield a coherent model are not excluded a priori. Moreover,

we indicate how to impose sufficient conditions for regularity and

coherency in three types of models: The standard demand system, the demand

system with exogenous rationing, and the demand system with endogenous

regimes.

The methodological contribution of Chapter 5 is a thorough analysis
of the properties of the system of preferences introduced by Hausman and
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Ruud (1984). Closed form expressions are derived for the direct utility
function and the conditional demand equations. Moreover, we determine the
regions in both quantity and price space where the system is regular. This
system .of preferences appears to be one of the few locally second order
flexible systems for which such an analysis is possible without numerical
tools.

In the second part of Chapter 5, it is shown that the properties
derived in the first part can be fruitfully used for modelling family
labour supply in the presence of non-linear or non-convex budget sets and
other types of constraints. This is illustrated in an empirical example.
We find that female labour supply is strongly forward bending, whereas the
male's own wage elasticity of labour supply is slightly negative. For both
spouses we find small cross-wage elasticities of unconditional labour
supply and, correspondingly, small elasticities of conditional labour
supply with respect to the partner's number of working hours.

Chapter 6 contains an empirical analysis of individual labour supply
functions which are linear in the wage rate and in unearned income. Two
models are analysed. In the first model, hours restrictions are only
indirectly allowed for, whereas in the second model restrictions on
working hours are explicitly incorporated. It appears that the second
model reproduces the sample distribution of working hours to a much larger
extent than the first. Still, wage and income elasticities according to
both models correspond rather well to one another. The elasticities also
appear to be well in line with earlier empirical findings in The
Netherlands. The conditions that the wage elasticity is positive and that
the income elasticity is negative, which are sufficient for regularity of
underlying preferences and, as a consequence, for coherency of the models
considered, appear not to be binding.

A methodological contribution of Chapter 6 is the generalization of
an often used dead weight loss measure. Calculation of the generalized
measure for the second model shows that the efficiency loss due to the tax
system is much smaller than implied by the first model.

In Chapter 7, we analyse the importance of minimum wage laws for
employmént and the income distribution. We find large negative
elasticities of employment with respect to the before tax legal minimum
wage rate, for males as well as females. The estimated probability that
someone with productivity below the minimum is employed appears to be much
smaller for males than for females. On the other hand the estimation
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results imply that, on average, productivity of females is much smaller
than productivity of males.

A drawback of the models in Chapter ~ is that only the legal minimum
wage is taken into account. This is generalized in Chapter 8, where we
allow for different types of explicit and implicit minimum wage
regulations. Moreover, the model in this chapter allows for the fact that
minimum wage regulations may push up wage rates above the minimum. The
empirical results for males imply that there exist implicit 'thresholds'
in the wage distribution other than explicit minimum wage regulations.
Firms do not pay wage rates below this threshold, which can thus be
interpreted as the relevant minimum wage rate. Particularly for older
males, the average relevant minimum appears to be much higher than the
legal minimum. The thresholds have a strongly negative effect on
emgloyment and also ctrongly affect the wage rate distribution.

A common finding in Chapters 7 and 8 is that the effect of minimum
wages on labour demand dominates the effect on labour supply, such that
the aggregate effect on employment is negative. The estimated magnitude of
the effects however varies according to the model under consideration.
This is one reason why the simulation results should be interpreted with
caution. It should also be kept in mind that policy simulations are
performed in a ceteris paribus context. It seems worthwile to extend the
analysis by incorporating substitution and complementarity effects between
various types of labour, e.g. making use of data from different time
periods. Such type of analysis is discussed in Borjas (1986).

In each of the Chapters 5 through 8, emphasis is placed on different
specific micro-economic aspects of labour market behaviour. In future
research we aim to combine several models and build a structural model
explaining participation, hours worked and wage formation simultaneously.
The ideal model would allow for an accurate description of the choice set,
taking into account the tax system snd the system of benefits, and
institutional and demand side restrictions. Dynamic features would enrich
the analysis essentially.

Some remarks about the possibilities of this direction of future
research seem in order. First, about the data: Recently, some useful data
sets on household behaviour have become available, including valuable
labour market information. For example, there are now available eight
consecutive semi-annual waves of the Socio-Economic Panel, collected by
the Nethfrlands Central Bureau of Statistics. The longitudinal nature of
these data creates new possibilities for the modelling of dynamic features
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of labour market behaviour. On the other hand, micro data on firm
behaviour in The Netherlands are not yet available. This kind of data is
essential for a structural analysis of the demand side of the labour
market.

The empirical analysis of complicated structural models is limited by
the availability of computer time and space. Obviously, the improvement in
this respect during the last decade has been enormous. A promising
development is the increasing appearance of high-speed computers, which
econometricians are now starting to use.

For the kind of models we are working with, the development of the
method of simulated moments (see McFadden, 1989, and Palces and Pollard,
i989) seems promising as an alternative for ML-estimation. Thia method
implies Zhat expectations (or, in particular, probabilities) in the
likelihood function are replaced by simulated counterparts. In this way,
intricate computations of likelihood contributions involving multiple
integrals are avoided. This method may thus create the possibility of
estimating more complex models than could be dealt with until now. At this
moment however, empirical experience with this method in still limited.

Empirical work on micro-econometric models of the labour market until
now invariably focuses on a few aspects of labour market behaviour at a
time. Thus i t is understandable that policy makers often revert to macro-
econometric models. Both types of models have their own merits and can be
useful supplements to each other. Usually, macro-econometric models are
designed for policy making at the cost of consistency with economic
theory. In principle, the rich structure of micro-econometric models
certainly makes them valuable tools of policy making. The fast development
of micro-econometrics during the last decades helps to make these tools
more sophisticated. It is within this context that the essays in this
thesis are meant to make a modest contribution.
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SAPIENVATTING

In dit proefschrift wordt aandacht besteed aan een aantal micro-
econometrische modellen, die het gemeenschappelijke kenmerk hebben dat ze
zijn gebouwd met beperkt afhankelijke of latente variabelen. Bovendien
hebben alle modellen een statisch karakter en is de enige schattings-
methode die aan de orde komt de methode van maximale aannemelijkheid. De
nadruk ligt op empirische implementatie van in economisch opzicht tamelijk
eenvoudige modellen van consumentengedrag en de arbeidsmarkt. Hierbij
wordt enerzijds naar een aantal methodologische aspecten gekeken, terwijl
anderzijds empirisch onderzoek wordt besproken, gebaseerd op gegevens uit
verschillende Nederlandse gezinsenquétes.

Het eerste hoofdstuk is inleidend en geeft de gemeenschappelijke
aspecten aan van de zeven studies waarop het proefschrift is gebaseerd en
die zijn weergegeven in de Hoofdstukken 2 tot en met 8.

Hoofdstuk 2 bevat een empirische analyse van een model ter verklaring
van vakantieuitgaven in binnen- en buitenland. In het model zijn drempel-
waarden opgenomen met behulp waarvan verklaard kan worden waarom enerzijds
veel mensen in een bepaald jaar niets atui vakantie uitgeven, terwijl
anderzijds heel weinig mensen een klein positief bedrag besteden. De
empirische resultaten wijzen o.a. op een groot verschil tussen de
inkomenselasticiteiten van binnen- en buitenlandse vakanties.

De twee volgende hoofdstukken zijn methodologisch van asrd en gaan
over econometrische modellen die zijn gebaseerd op de neoklassieke
veronderstelling van nutsmaximalisatie onder gegeven gelíjkheids- en
ongelijkheidsvoorwaarden. Het verband wordt besproken tussen coherentie
van het econometrische model en regulariteitseigenschappen van de
achterliggende preferenties. Een model is coherent als de endogene
variabelen eenduidig uit het model oplosbaar zijn. Aan de hand van
voorbeelden wordt geïllustreerd dat een model niet coherent hoeft te zijn
als de nutsfunctie op het relevante gebied niet aan eigenschappen als
bijv. quasi-concaviteit voldoet. Met name geldt dit in modellen waarin
niet van te voren vast ligt welke ongelijkheidsvoorwaarden bindend zijn en
welke niet. In Hoofdstuk 4 wordt beargumenteerd waarom van het begin af
aan, d.w.z. alvorens er geschat wordt, op coherentie moet worden gelet.

In Hoofdstuk 3 wordt een zeer specifiek model besproken: preferenties
gekenmerkt door de indirecte translog nutsfunctie, en als nevenvoorwaarden
de budget-ongelijkheid en niet-negativiteitsrestricties op de hoeveel-
heden. Voor dit geval worden voldoende voorwaarden voor coherentie
afgeleid, die ook 'bijna noodzakelijk' blijken te zijn. In Hoofdstuk 4
wordt in een algemener kader bekeken hoe coherentie kan worden opgelegd.
Met behulp van een aantal voorbeelden wordt aangegeven dat weliswaar
gemakkelijk voldoende voorwaarden zijn op te leggen, mear dat het van
geval tot geval verschilt in hoeverre deze voorwaarden noodzakelijk zijn.

Empirische voorbeelden van het type modellen besproken in Hoofdstuk 4
komen aan de orde in de Hoofdstukken 5 en 6. Hierin worden arbeidsaanbod-
modellen van respectievelijk gezinnen en individuen geanalyseerd. In
Hoofdstuk 5 wordt een aantal eigenschappen afgeleid van de Hausman-Ruud
specificatie van preferenties. De resultaten worden gebruikt ter
verklaring van arbeidsaanbod van man en vrouw in een gezin, waarbij
rekening gehouden wordt met het simultane karakter van de arbeidsaanbod-
beslissingen van de beide partners. De schattingsresultaten wijzen uit dat
de elasticiteit van het arbeidsaanbod van de vrouw t.o.v. haar eigen
loonvoet veel groter is dan de eigen-loon elasticiteit van het arbeids-
aanbod van de man en dan de elasticiteiten van arbeidsaanbod van zowel man
als vrouw t.o.v. gewerkte uren of loonvoet van de partner.
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In Hoofdstuk 6 wordt het individuele lineaire arbeidsaanbodmodel
onder de loep genomen. Het traditionele 'model van Hausman' wordt
vergeleken met een model waarin expliciet rekening wordt gehouden met het
feit dat niet iedereen de mogelijkheid heeft om het aantal uren te werken
dat hij of zij zou willen werken. Dit 'uitgebreide' model blijkt de data
veel beter te kunnen beschrijven dan het traditionele model. In beide
modellen wordt rekening gehouden met het progressieve karakter van het
belastingstelsel. Hoewel geschatte elasticiteiten van arbeidsaanbod t.o.v.
de loonvoet voor beide modellen in dezelfde orde van grootte liggen,
blijken de modellen sterk te verschillen als het erom gaat aan te geven in
welke mate het belastingstelsel een efficiency verstorende werking heeft.

In de Hoofdstukken 7 en 8 worden modellen besproken waarin behalve
arbeidsaanbod ook andere aspecten van de arbeidsmarkt worden belicht. Met
name wordt gekeken naar drempels in de loonvorming, bijvoorbeeld als
gevolg van het bestaan van minimumloonregelingen. In Hoofdstuk ~ wordt
vooral gekeken naar de invloed van de hoogte van het wettelijk minimumloon
op de werkgelegenheid. De schattingsresultaten suggereren dat de minimale
loonkosten verbonden aan huidige minimumloonregelingen een belangrijke
belemmering vormen om meer mensen in dienst te nemen. In het tweede
gedeelte van dit hoofdstuk wordt de loonvergelijking uit het eerste
gedeelte gecombineerd met een structurele arbeidsaanbod-vergelijking,
zodat ook effecten op het aanbod van arbeid kunnen worden meegenomen. De
resultaten verschillen weinig van de eerdere resultaten in dit hoofdstuk.

In Hoofdstuk 8 wordt het model van Hoofdstuk 7 uitgebreid met een
extra latente variabele waardoor ook met andere minimumloonregelingen dan
het wettelijk minimumloon wordt rekening gehouden. Bovendien wordt
toegelaten dat minimumloonregelingen een opwsartse druk uitoefenen op
lonen boven het minimum. Ook de schattingsresultaten in dit hoofdstuk
geven aan dat de invloed van impliciete en expliciete minimumloon-
regelingen op werkgelegenheid en loonvorming groot is. Het negatieve
effect via de vraagzijde (hoe hoger de minimumloonkosten, des te duurder
de arbeidskracht aan wie het minimumloon betaald moet worden, dus des te
minder vraag naar dit type arbeidskrachten) blijkt kwantitatief veel
belangrijker dan het positieve effect op arbeidsaanbod (een hoger
minimumloon trekt mensen naar de arbeidsmarkt, van wie sommigen werk
zullen vinden).

Hoofdstuk 9 bevat een beknopte evaluatie van methodologische en
empirische bijdragen van de zeven verschillende studies.
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