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THE IMPACT OF MINIMUM WAGE REGULATIONS ON EMPLOYMENT
AND 1'RE WAGE RATE UISTRIBUTION
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Tilburg University, Dept. of Econometrics,
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ABSTRACT

A static limited dependent variables model is formulated to study the
Dutch labour market from the individual's viewpoint. The model is similar
to the model introduced by Meyer and Wise (1983, JLE), but has a more
structural character in the sense that demand side, supply side and wage
formation are clearly distinguished. Moreover, not only minimum wage
legislation, but also other constraints resulting in downward wage
rigidities are taken into account, such as union agreements for several
industries. The relevant minimum for the individual is included as a
latent variable. The model focuses on four possible effects of minimum
wage regulations: effects on incomes of both minimum wage earners and
other workers and demand side as well as supply side effects on
employment.

The model i.s estimated with 1984 cross-section data for Dutch males.
Most of t.lie esLimation results are well in line with economic intuition.
On the other hand, several Chi-square diagnostic Lcsts show thnt the model
is not free of misspecification. Simulation results suggest that the high
level of minimum labour costs in the Netherlands has an important negative
impact on employment.

~ The authors wish to thank Bertrand Melenberg, Peter Kooreman and Richard
Blundell for helpful comments and the Netherlands Central Bureau of
Statistics (CBS) for providing the data. The views expressed in this
paper do not necessarily reflect the policies of the CBS.
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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 focussed on the relation between unemployment and the
downward wage rigidity induced by minimum wage regulations, particularly
in the US. See for example Brown et al. (1982) for an overview of the US
experience, and Baren 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 analyze the impact of minimum wage regulations on
the average wage level and through this on the macro-economic rate of
unemployment. Among the few exceptions are two papers by Meyer and Wise
(1983a,b), who analyze the effects of minimum wage regulations on
employment and incomes of youth with a micro-econometric limited dependent
variables model and with data on individual workers and non-workers.

Unlike in the US, unemployment growth in the Netherlands in the
eighties has been strongly concentrated in the group of unskilled or
unexperienced people, i.e. those with low productivity (see CPB, 1986, and
Frijns and Van Schaaijk, 1987). Moreover, the share of minimum wage
earners fell from 9.9X in 1974 to 6.5X in 1983. These two facts taken
together might suggest that during the recession employers have been
trying to lay off low productivity workers and that the negative demand
side employment effect of existing minimum wage regulations on employment
has outweighed its possible posítive 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 legal minimum wage that
matters, but also other constraints which restrict downward wage
flexibility. For example, collective agreements for firms in many Dutch
branches of industry involve wage agreements with binding minimum wages
for all individual firms. A macro-econometric analysis of the effects of
varying minimum wages across branches of industry would be hard to
perform. 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.
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In an earlier study, we estimated a model closely related to the Meyer
and Wise model (see Van Soest, 1989). 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 neo-classical wage
equation, explaining W~, the worker's productivity, which is determined by
observed and unobserved individual characteristics, and a reduced form
probit equation explaining whether or not the worker would work 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 minímum 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.

Since wage rates of workers with productivity above the minimum are
not affected by a change in the minimum, this model does not allow for the
possibilíty that the minimum wage pushes wages above the minimum up, 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 m3nimum 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, and the income
effects for minimum wage earners as well as 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 individusl's market wage as a 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 no longer the only
minimum regulation taken into account. We allow for the possibility that
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the relevant minimum for an individual differs from the legal minimum.
This relevant minimum is included as an unobservable variable.

The model is described in Section 2. In Section 3, some attention is
paid to the cross-section data of the first wave of the Dutch 'Socio
Ecotiomic Panel' in 1984, which are used for estimation. The analysis in
this paper is restricted to males only. Section 4 presents the likelihood-
function and in Section 5 the ML-estimation results are discussed. In
Section 6, some simulations with the model are reported, while Section 7
reports some tests of misspecification. Section 8 concludes.

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) and wage rate of individual t are
determined as follows.

Ft - Xta i Elt

Rt - Yt~ 4 E2t

(1)

(Z)

If Ft(Rt then the individuel does not work;

If Ft)Rt then the individual works and his wage rate Wt is given by

los Wt- wFt t (1-w)Rt (3)

Zn equation (1), Ft 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 (as perceived by the firms) and thus on some individual
characteristics such as education and age, included in the vector

Xt-(Xtl "-"Xtf)~' a-(al ""'~f)~ is a vector of parameters. Moreover, the
individual's productivity as perceived by the firm depends on
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characteristics on which no information is available in the data. These
are incorporated in the random term Elt'

Equation (2) states that the logarithm of the individual's reservation
wage Rt depends on a vector of observed individual characteristics

Yt-(Ytl ""'Ytr) ~d an unobserved random term EZt, accounting for random
variation of preferences; p-(~BI,...,pr)' is a vector of parameters. Rt is
the smallest wage rate the individual will accept. Thus, equation (2) can
be seen as the inverse of the usual (probit-type) participation equation
in which the wage rate appears on the righthand side with a positive sign.
See, e.g., Heckman (19~4).

If the individual's reservation wage exceeds the wege the firm is
prepared to pay, then the individual will choose not to work. If on the
other hand Rt is less than Ft, then the individual will be hired and the
distancP between the two reservation wages 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 (3), where the weight y(with
O(w(2) indicates the relative power of the worker in the bargaining
process. y can be assumed to be the same for all individuals but may also
depend on other variables which may influence the bargaining power of
worker and firm, such as, for example, the sector in which the firm is
operating.

Although 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

individuel 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 princíple, the impact of tax reforms can still be

anal,yzed. For example, an increase of the income tax raLe would not affect
FC, bul. would imply an upward shift of Rt. As a consequence, Lhe change of

the (before tax) market wage rate given by (3) depends on y: 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 (2), both through Xt'~ and through EZt.
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Institutionnl 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 constraint that no
wage below a given threshold cen be paid. We assume that the logarithm Tt
of this (before tax) minimum, individual t's threshold value in the wage
distribution, is given by equation (4):

Tt - ztz t E3t (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'y, for instance as a
result of differences between union contracts in various sectors (our data
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 TC.
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 individusl
will not work.

c. TtCRtCFt. 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 will work and the wage rate is given by (3).

d. Rt(Tt(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 F't. The individual has a relatively low
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reservation wage, i.e. he or she would be prepared to work for the
minimum wage. It thus seems reasonable to assume that the individual
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 (5):

log Wt- WFt t (1-W)Tt (5)

Throughout this paper, we assume that the weight in equation (5) is the
same as the weight in equation (3), in order to guarantee continuity of
Wt as a function of Tt at Tt-Rt. Note that this implies, if yCl, that
the wage rate given by (5) will exceed the wage rate given by (3),
which would be paid in absence of minimum regulations. Thus equation
(5) incorporates the effect that minimum wage regulations may push up
wage rates above the minimum (the 'income effect' for workers who earn
more than the minimum).

Note that (5) implies that the elasticity of Wt with respect to the
minimum equals 1-y and thus is not allowed to depend upon the distance
between Ft and Tt. 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 (5) was replaced by

los Wt- wFt t~!1-v)Tt 4(1-~)(1-v)Rt . (5')

but the estimate for g appeared to be equal to one, in which case (5')
simplífies into (5).

e. Rt(FtCTt. In a strictly neoclassical framework, the individuel 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 wage
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 (6)

This probability is denoted by PT; it is, for the time being, assumed
to be the same for all individuals. Employees with RtCFtCTt and a wage
rate given by (6) benefit from a high minimum wage level. Thus,
equation (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-Ft 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 (6). In
the latter case, the income effect for minimum wage earners is
relevant. Moreover, these people would not work if there were no
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 FtCRtCTt 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, EZt and E3t are assumed to be i.i.d. drawings from a
jointly normal distribution with mean 0 and (unknown) covariance matrix E.
Since we assume that unobserved demand side factors, supply side factors
and institutional constraínts 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, r,he
Legal min(mum wage formally doea not epply for those who work only n few
hours a week. Thus i t seems appropriate to sllow for the poasibility of
sub-minimum wages. According to equation (4), the probability that an
individual's relevant minimum is below the legal minimum is given by

Pr(e3tC-Zty4logMt), where Mt denotes the legal minimum, and this

probability is positive. Still, given the normal distribution of E3t,
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flexibility is added if we explicitly allow for sub-minimum wages by
replacing (4) by (4'):

Tt - Zty . e3t with probability 1-PI

T~ - -m with probability PIt

(4')

Note that íf PI-O then (4') is the same as (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 (1), (2) and (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-Y)Yt~ i WEltf (1-W)E2t

If Et(0 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 ï, a, S 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.

The 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 íncluded in Xt and that Xt
contains variables not included in Yt. Moreover, in order to limit the
computational burden, i.e. the number of paremeters to be estimated, we
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only take those effects into account which are a priori considered to be
most import-ant. We therefore strongly restrict the specification of
equations (1), (2) and (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 criterie for similar
models. In this paper, we restrict ourselves to some chi-square goodness
of fit tests (see Section ~).

3. The Data

1n tl~is puper, Lhe ana7ysls is restrlcted to mules only. '11ie modcl
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: a constant term.
DED2, DED3, DED4 and DED5: dummy variables referring to the individual's

education level. At the lowest level, all dummies are O; at the
second level DED2-1 and DED3-DED4-DED5-0, etc.

LAGE: the logarithm of the individual's age in April 1984.
L2AGE: LAGE-squared.

D3LAGE: DED3MLAGE.
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 years of age, 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 individuel 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 individusl lives
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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 individuel works in the agricultaral
sector; DAGR-O otherwise.

DCON: dummy pertaining to employment in the construction sector.
DTST: dummy pertaining to employment in the transport and storage

sector.
DTRA: dummy pertaining to employment in the trade sector.
DBIN: dummy pertaining to employment in the banking and insurances

sector.
DOSE: dummy pertaining to employment in the other servíces 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
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-DTST-DTRA-DBIN-DOSE-O then the individual works in the
manufacturing sector.

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 earned weekly income.
For 14.4X of all workers at least one of these variables is unknown and no
wage rate is computed. Using a rather detailed approximation of the Dutch
tax system, after tax wage rates are transformed into before tax wage
rates.
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Table 1. Sample statistics: males, April 1g84

Variable mean standard minimum maximum number of
deviation observations

DED2 o.z35 0.424 0 1 3151
DED3 0.412 0.492 0 1 3151
DED4 0.113 0.317 0 1 3151
DEDS o.053 0.223 0 1 3151

LAGE 3.509 0.369 2.77 4.16 3151
L2AGF. 12.451 2.565 7.69 17.30 3151
D2LAGE 1.462 1.758 0 4.16 3151
D45LAGE 0.606 1.364 0 4.16 3151
xcx o.832 1.078 0 7 3151
DCH6 0.206 0.404 0 1 3151
DHP 0.701 0.458 0 1 3151
DSI 0.075 0.263 0 1 3151
D1P o.006 0.075 0 1 3151

DWEST o.435 0.496 0 1 3151
UxP i7.588 2.535 14.60 24.20 3151
DPU 0.420 0.494 0 1 2073
DAGR o.049 0.215 0 1 2073
DCON o.108 0.310 0 1 2073
DTST o.123 0.329 0 1 2073
DTRA 0.112 0.315 0 1 2073
DBIN o.078 0.268 0 1 2073
DOSE o.271 0.444 0 1 2073

wbt 23.57 15.14 3.64 184.41 zo73
wat 13.46 6.18 2.88 60.37 2073
Explanation~
Wbt: before tax hourly wage rate.
Wat: after tax hourly wage rate.

4. The likelihood function

The model is estimated by Maximum Likelihood. Apart from the model
assumptions mentioned in Section 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 the wage rate is not
observed is independent of all error terms in the model. The probability
of this event is denoted by PU.
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Sample individuals can be divided into three categories: non-workera,
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(e -e (X'a-Z'Y and e -E (Y'g-X'a) .3t lt c t lt 2t t t
Pr(elt-E3t~Ztë-Xta
Pr(e2t-e1t~Xta-Ytt3

and e3t-e2tCYts-Zty) .
and elt-e3t(Ztr-Xta)(1-PT-PI) .

Pr(elt-E2t~Ytj3-Xta ana eZt-e3t~ZtY-Ytp)(1-PT)

This is linear combination of bivariate normal cumulative
probabilities. Note that diagonality of the covariance matrix L of

(e1t,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-e2tCYtg-ZtY and E2t-e1tCXta-Ytp) .
Pr(EZt-e3t(ZtX-Ytp and E3t-elt(xta-ztJl) .
Pr(E2t-E1tCXLa-Ytg and Elt-E3t(Zt,r-Xta)(PTtPI) .
Pr(Elt-E2tCYtp-Xta and e2t-E3t(Zt,r-Ytp)PT}

III. workers with known waKe rate Wt are either in state c., state d.,
state e. or state f.;
a2-logwt-wxta-(1-w)ztë.

;2t-wElt`(1-w)E3t.
density functions
likelihood contribution

;lt' ;2t ~d e3t respectively.
is given by:

Lt- {1-PU}
{Pr(e3t-E2t(Yta-Zts and E2t-Elt(X~a-Ytpl;lt-a1) fl(81)
Pr(e2t-c3t('Ltï-Y~P

Pr(E2t-e3t(ZtX-Y~P

Pr(e2L-e1t~Xta-YtP
Pr(e2t-elt(Xta-YtP

let e1-logWt-wXta-(1-yr)Ytp,
a3-logWt-ztr: let ~1t-wElt}(1-w)E2t'
let fl, f2 and f3 be the (normal) probabilityana

of Then the

4

and e3t-elttXta-ZtYI~2t-a2) PZla2) (1-PI) ~
end E3t-Elt(Xta-ZtYl;lt-a1) fl(81) PI .
ana Elt-E3t~Z~Y-Xta~e3t-e3) f3(s3) PT ~
ana Elt-E3tCZt~r-Xta~;lt-a1) fl(al) PI 4
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Pr(elt-EZt~Yt~1-Xta and eZt-e3t~Ztr-YtPIE3t-a3) f3(a3) PT}

All these conditional probabilities are blvariate 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
any attention to the estimation of PU.

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 Ft 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 i is diagonal, i.e. Elt' E2t ~d e2t are
independent, can be justified with the same argument. Moreover, we use a
strongly restricted specification of the threshold equation:

Zty - logMt t rGt r1LAGEt . r2L2AGEt (7)

Equation (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.
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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, y is allowed to depend on some variables which are
considered to be relevant for the bargaining process between employer and
worker, i.c. the variables DAGR, DCON, DTST, DTRA, 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. 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 - ~(5'Vt) (8)

where ~ is the cumulative density function of the atandard normal
distribution and S ís a vector of unknown parameters.

The likelihood is maximized using the algorithm of Berndt et al.
(19~4). Parameter estimates and corresponding standard ecrors, estimated
using the outer product of the score vector, 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 5z level. There is a strong
positive relationship between the education level and the individual's
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 same age but of lowest schooling level. According to the
positive coefficients for the interactíon terms between age and education,
the importance of education increases with age; for a 45 yeara old
university graduate, F~ would be 8.8 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
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during almost the whole working career; at age 40, FM is on average 3.8
times as large as at age 25.

These simultaneous effects of education and age all correspond to
intuition. Some of the effects may seem rather strong, but it should be
kept in mind that in this model productivity is a latent variable 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 (3) or (5)), or equal to 0(for those whose wage
rate is given by (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 DWFST 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 ï(1,1) is rather large, which suggests 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 estímates 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 a 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., Kapteyn et al, 1988). On
average, single males appear to be less willing to work than others. The

estimate for i(2,2) seems rather large compared to the other estimated
variances.
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The estimates for the parameters in the T' equation imply that on
average the relevant minimum wage rate for an individual i s increasing
with ege until approximately 52 years of age. For a 16 years old male, the
relevant minimum exceeds the legal minimum by only 1 x on average. For a
40 years old male however, the average 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 s consequence of the small estimates for
both E(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
productivity below the productivity corresponding to the relevant minimum
wage will still be hired. This number seems rather high in view of the
fact that in the neoclassícal 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 i s important.

Finally, the estimates for the bj's imply thet both workers and firms
have a significant impact in the wage bargaining process. Moreover, for
ell males ,rt~o.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 ( 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 i s significantly larger, implying that the
bargaining power of the workers is larger. This suggests that people in
this sector are relatively well paid. The same holds true to a smaller
extent for workers in the banking and insurances sector. In the trade and
transport sectors, workers are paid relatively worse. People working in
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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
implies 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"eguation R'equation
CONSTANT -28.06 ' 3.38 112.17 ' 8.53DED2 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
DEDS -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 ' o.z6
DWFST 0.10 0.05
NcH o.05 0.13
DCH6 0.02 0.35
DHP -0.13 0.31
DSI 1.27 ' 0.31
D1P -1.79 9.27
Ji(.,.) 1.10 " 0.07 1.78 ' 0.07
T"eguation
CONST -3.198 ' 0.755
LAGE 1.790 ' 0.429
L2AGE -0.227 ' 0.061
~F(3.3) 0.042 ' O.o68
PI o.009 ' 0.002
PT o.303 " 0.053
-~ b~v

CONST -0.208 0.109
DAGR 0.251 " 0.057
DCON -0.195 ' 0.038
DTST -0.101 ' 0.036
DTRA -o.i17 " 0.038
DBIN 0.162 ' 0.044
DoSE o.039 0.035
DPU -0.270 ' 0.027
UNP -0.017 ' 0.005
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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 E1, 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
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 (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 ~4X. The numbers of
workers in other states are much smaller. Group c. contains relatively
many older people with a high productivity and a high reservation wage and
thus the average wage rate for 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)~(100-~.9-6.G)~100Xz12.8X. Since
registered unemployment among males in the Netherlands in April 1984 was
16.4X, this leads to the preliminary conclusion that approximately 75X of
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Dutch unemployment among males cen be explained by downward wage
rigidities due to (implicit or explicit) minimum wage regulationa. This
finding corresponds very well to earlier findings ín Van Scest (1989). The
remaining 25X of unemployed males are, according to this model, in either
atate a. or state b., together with non-participanta.

In the lower penel of the table, aggregate resulta for the whole
sample are given. The simulated employment fraction ia 75.03X, whích dces
not correspond too well to the sample employment fraction of 76.86X.
Simulated wage rates on averege aeem rather low: the geometric mean ia
slmost 1.9X lower than the sample mean. Thus, the sample diatribution of
wage rates is not completely captured by the model.

Tabel 3. Simulation results; ~ales, ~odel 1

actual minimum After lOX increase
wage rates of minimum wage rates

Status Fraction Wage rate Fraction Wage rate
r w w

a. T tF tR (not empl.) 7.9X 7.4X
r r w

b. F tT tR (not empl.) 6.OX 6.2X
A M w

c. T tR tF (employed) 8.9X 28.2 8.2X 29.2
r w r

d. R tT tF (employed) 61.3X 20.0 60.1z 21.7
r r r

e. R tF tT
employed 4.2X 14.6 4.SX 16.0
not employed 9.7X 11.OX
N w w

f. FtRtT:
employed 0.6X 12.2 0.7í: 13-5
not employed 1.3X 1.5X

sample totals:
employed 76.86X 20.74

simulated totals:
employed 75.o3X 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 this figure, both
the simulated and the actusl diatribution of before tax wage ratea are
aketched. From this figure, it followa that the model underpredicta the
number of wages below Dfl 15, whereas it overpredicts the number of people
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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.

'1'hc lie:t Lw~~ culumnti ol' '1'nbl~~ "j i I lusl.rnl,o th~~ con4equences of nn
increase of all threshold values Tt with lOx. This simulation has only
limiteei 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, it should be interpreted
in a ceteris paribus context, in the sense that 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 labour force employed, and the individual's
reservation wage also might change, if it depends on the distribution of
offered wage rates.

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 earlier findings reported in Van Soest (1989), but
larger than most elasticities found with time series studies in the US
(see Brown et al, 1984). 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 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 cetegories e.

and f.: 4.8X 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,
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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 (4). 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 7.7x. Part of this is due to the changing composition
oF the employed ]abour 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

Lrncked Lo a large~ exLenL, Lhough noL compleLely. In parLlculnr,

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.

Table 4. Disaggregate simulation results

group 1 2 3 4 5 6
educ. level
i,2 63.98 63.89 13.38 0.83 16.88 16.78
3 84.76 80.05 9.08 0.60 20.44 20.10
4,5 90.04 91.11 1.88 o.i4 30.38 29.89

~
~25 46.64 48.77 9.94 1.23 13.65 13.37
25-44 89.50 86.05 10.78 0.26 21.67 21.19
45-65 82.41 79.47 7.71 0.68 24.14 24.62
Explanation.
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, semple
column 6: average wage rate, simulated
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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
all cnLcgories, thc supply side effect ís outwelghed by the demand side
effecL. According to these results, i f minlmum 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 because of the role that age plays
in the equation for the relevant minimum T~.

~. 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 sample space into a given number of cells
and comparing sample probabillties 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 ace also
discussed in Heckman (1984). In case of ML-estimation, computation of the
test statistic is very easy. It equals nR2, where n is the number of
observations and R2 is the explained sum of squares of a regression of the
vector (1,...,1)'ERn on the vectors Dj-(D1j,...,Dnj)' (j-1,...J), where J
is the number of cells and Dij- bij- Pij, with bij-1 i f sample observation
i belongs to cell j, and bij-0 if observation i does not belong to cell j,
and Pij is the probability that observation i belongs to cell j, given the
covariates and the parameter estimates. If the cells are constructed as
products of a partition of the covariates space (X) and the space of
endogenous variables (Y), then the test statistic follows a chi-square
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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.~5-quantiles of the distribution of sample wage rates.

Table 5. Chi-square tests

Part. of X Part. of Y Test statiatic Crit. value
ac-0.05 0~-0.01

(e) (e) ~.0 6.0 9.2
(b) (a) 23.6 1z.6 i6.8
(c) (a) 24.5 12.6 16.8
(a) (b) 18.4 11.1 15.1
(b) (b) 80.5 25.0 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 categoriea

Partitions of Y: (a) three cells: non-workers, workers with unknown wage
rate, workers with known wage rate

(b) six cells; non-workers, 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 1X 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
and education on whether someone works or not end 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
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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. 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 minimum
wage earners and other workers, and 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, for
3nstance, 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 quite plausible, it is yet too early to draw
reliable policy conclusions. The large differences between the results
mentioned in this paper and those in Van Soest (1989) imply some kind of
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



-26-

which cannot be explained in terms of (reservation) wage rates. One might
for example think of temporarily unemployed people waiting for an
attractive job offer. Lagrange multiplier tests might be used to determine
which extensions are worthwile. Extension 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 poasible 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
enalysis 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.
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