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and Hours Restrictions
in The Netherlands

Arthur van Soest
Isolde Woittiez
Arie Kapteyn

ABSTRACT

In this pnper, two models ojindividunl labor supply are dis-
cussed. The first one is the hy now classical Hnusman-type
model with convez piecewise linear budxet cnnstraints, in which
both random prejerences and optimizatian errors are incorpo-
rnted by means ajnormally distrihuted random vnrinb(cs. Esti-
mnted coefjScients are plnresible but the modef has the shortrom-
ing Niat unemployment jor males is nat cnptured nnd that the
simufated hours dl.stributian misses the spikes in the sample dis-
tribution of warking hours. Therejore, an alternatis.e model is in-
lroduced which explicitly takes into account demand side restric-
tions on warking hnurs. The diJrerence with the standnrd model
is the replacement of the optimization error by the assrrmption
that each individunl can choose jrom afinite set oj wcrge hotus
packages and either picks the job ofjer yielding highest utility or
decides nor to work. It turns out that this model cnptrnes the
sample distribution of working hours very well, jor mnles as K~ell
a.c females. Wage and income elasticities according to the two
models are similar nnd in line with other recent findings in The

Arrhur vnn Socst is a projessorof ecnnomics at Tilburg Universiry in Thr Nenc~rland.r.
Isolde Woirriez was a projessnr ojeconomics at Tilburg when the work nn rhis pnper
hegnn. .She is currendy af l,eyden University in The Nethtrlands. Tht aurhors nre grarr-
ju! ro Peter Knrneman, the participants of the conjerence, and two anonymous rejerees
for helpj~d rnmments. They rhank the OrgnniZntinn far Strategic Labar Market Resenrrh
for kindly ntakinR Ihe dam nvailnble jor u.ce in this research. Financinl support hy rhe
Netherlands OrRnnizntinn jur Scirnlific Re.cenrch is gratejrdly ncknmctedr;ed hy the sec-
nnd nulhor.
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Nelherfunds. Dead K~eiglu loss calcularions jnr Nte sec~uud
mode( which explicitly take !he hours restrictiuns uuu accutnu,
imply rhar tlre dead weibht foss is rnuch srnuller than as cul-

cutured with the standardmodel.

I. Introduction

Due to the pioneering work of Jerry Hausm:tn, the treat-
ment of piecewise linear convex budget constraints in the analysis of
labor supply is now a rather standard practice. See, for example, Haus-
man (1980, 1981a), Blomquist (1983) and Moffitt (1986). In Section ll of
this paper we replicate this type of analysis on data for The Netherlands.
Both the labor supply of women and men is studied for a cross-section of
Dutch households drawn in 1985. Some simulations based on the estima-
tion results are performed to calculate elasticities and dead weight losses.
Although the standard model comes out with plausible coefficients and

the results are well in line with earlier 6ndings in The Netherlands, a
simple simulation reveals that various features of the data are not repro-
duced. In particular, the model overpredicts employmentt of males,
whereas for females the employment percentage of various education
groups is badly tracked by the model. 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
particutar, the model misses spikes at 40 hours a week for males and at 40,
20, and 32 hours a week for females.
All this suggests that, at least in The Netherlands, the assumption

underlying the model that observed hours mainly retiect the outcome of
unrestricted choices by individuals is incorrect. ln Section II1, we in-
troduce a simple reduced form model of the demand side of the labor
market, in which employers offer wage hours packages and each individ-
ual can choose from a limited number of such ofters. Out of these jobs,
either the individual chooses the one yielding the highest utility Icvcl, or
he or she decides not to work. It is also possible that the person is
unemployed because he or she has received zero offers.
It turns out that thís adjustment of the standard modcl makcs a dramalic

ditTercnce in terms of the explanation of unemployment among malcs and

I. Throughout this paper, we use the fullowing terminology. An inJividual is empfuyed if hc
or she wurks any positive number of hours and unemployed if he or she wurks zeru hours,
either voluntarily or involuntarily. The empluyment and unemployment rates are defined rs
fractions of the sum of Ihe numbers of empluyed and unemployed people (i.e., including
nonparticipants).
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the fit of the generated hours distribution to the observed distribution in
the sample. Interestingly, in the calculation of elasticities we obtain re-
sults that are of the samc order of magnitude as in the standard 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 between both distributions is a possiblc
explanation of the low participation rate of women in The Netherlands in
comparison with most other developed countries. The results imply thcit if
women could all work their desired number of hours, the employment
rate of married females would rise from about 40 percent to about 80
percent, 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 111 in some respects certainly performs better than the
model in Section II, it does not yield a perfect description of labor supply
behavior in The Netherlands. Test results show that misspecification is
still present. In Section IV, some possible future extensions and improve-
ments of ihe model are suggested. The main contribution of the present
paper is perhaps not a reliable conclusion about "the true labor 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 fea-
tures of the data to a sufficient extent.

II. Common Model

Starting point of the analysis is a modified version of the
model introduced by Hausman (1981a):

(2.1) It~-Rtiv;;fSN;;fX~ate;

h;-0 ifh~;c0

(2.2) -h~ ifH;-~.i~hj~H;;,i-1,....s

- H;; ifh~~H;;andh,'ti,;cH;;,i - I,...,s - I

- T if h s; ~ H„

(2.3) h; - 0 if hj f v; c 0 or h; - 0

- h~ t v; ifh; t v;?Oandhj~0
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where

hj- utility maximizing number of working hours for individual j
on the line containing budget segment i

w;~ - virtual hourly wage rate of individual j on budget segment i
N;~ - virtual nonlabor income of individual j for budget segment è
X~ - vector of exogenous demographic variables of individual j
e; - random variable representing preference variation which is

not explained by X~
h~ - desired number of working hours
H;~ - kink-points of the budget constraint (Hof - 0, H~ - T)
T - total time available
h; - observed number of working hours of individual j
vJ - random variable representing measurement or optimization

errors
s- the number of budget segments

R, S, a - parameters.

The main difference between this model and the one in the Hausman
(1981a) paper is that random preferences (E;) are included in the constant
term rather than in the income coefficient {i. The error terms (e;, v;)' are
assumed to be drawn from the bivariate normal distribution with mean (0,
0)' and covariance matrix

0 a~ ~~a6 O ~

The corresponding direct utility function and expenditure function are
given by

(2.4) U(h, c) -- S h- Sá - Sha - E - log((3 - Sh)

and

(2.5) e(w, u) - {-e-aw-" f~- aSw - S(X'a f e)}ISZ

respectively, where c in (2.4) denotes consumpiion and u in (2.5) denotes
the utility level. The direct utility funetion is defined and quasi-concave
on the set {(h, c); (3 - Sh 1 0}, which contains the set {(h, c); h ? 0} if ~~
0 and S c 0. In this case the model is also coherent in the sense that (2.1),
(2.2), and (2.3) yield exactly one solution h; for all e~ and v;. (Sec
Gourieroux et al. 1980 and Van Scest et al. 1988 for a more general
treatment of coherency of limited dependent variable models and the
paper by MaCurdy in this issue, in which coherency of the kinked budget
constraint model is discussed).



van Soest, Woittíez, and Kapteyn 521

A. Data and Estimation Results

The data we used stem from a labor mobility survey camed out in The
Netherlands in 1985 under auspices of the Organization of Strategic Labor
Market Research (OSA). The sample contains information on 849 families
consisting of at least husband and wife. Some sample statistics are men-
tioned 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 female works. In the remaining 32 families both partners
are unemploycd. After-tax wage rates of employed individuals were not
directly observed but constructed from hours worked and after-tax labor
income. See Appendix A for details on these variables. Before-tax wage
rates were then calculated by using an approximation of the Dutch income
tax system. Some simplifying assumptions were necessary because the
data set did not contain all the necessary information on deductables,
health insurance premiums, etc.
Making use of the computed before-tax wage rates of workers, a be-

fore-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 I.AGEF for males and females, respec-
tively), log(age) squared, dummies refetring to different education levels
(EDM and EDF), and an index variable referring to the sector of educa-
tion (EDSECM and EDSECF: 2 - technical or business, 1- semi-
technical or semi-business, 0- neither technical nor business).
Estimation results appear in Appendix A. Making use of actual before-

tax wage rates for workers and predicted before-tax wage rates for unem-
ployed individuals, a convex piecewise linear approximation of the bud-
get set was constructed for each person.2 Again, lack of information
required that we simplify assumptions. Minor nonlinearities and noncon-
vexities due to, for example, 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 model was estimated by maximum likelihood using the algorithm of

Berndt et al. (1974). The calculation of bivariate probabilities was based

2. Allhough Ihis is not an uncommon procedurc, therc arc various difficulties associated
wilh il. Given the way in which wages are construcled, they arc bound to suffer from
measurement error (which may be correlated with measurcment error in the observed
hours). In particular, we ignore the possibility that overtime and second jobs are paid at a
dilTerent rate than the primary job. As e result, the budget constraints sufTer from measure-

ment error. 7'he use of prcdicted wages for individuals who do not work also leads to a
misrepresentation of the true budget sets of these individuals. The solution to these prob-
lems is far from trivial, and beyond the scope of the present paper. See also Section IV.
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Table 1
Sample Statistics

Standard
Variable Mean Deviation Minimum Maximum Number

LOGFS (logarithm of family 1.18 0.37 0.69 2.30 849
siu)

DCH ~ 6(dummy childrcn 0.26 0.44 0 1 849
younger lhan 6)

LAGEM (logarithm of a~c, 3.65 0.26 3.00 4.14 849
male)

LAGEF (logarithm ofage, fe- 3.58 0.27 2.89 4. l I 849
male)

L2AGEM (LAGEM-squared) 13.38 1.87 8.97 17.17 849
L2AGEF (LAGEF-squarcd) 12.88 1.94 8.35 16.90 849
EDM (education level male) 2.78 1.08 1 S 849
EDF (education levcl femate) 2.33 I.01 1 S 849
EDSECM (education sector 0.93 0.99 0 2 849
male)

EDSECF (education sector 0.29 0.70 0 2 849
female)

WRATM (aRer-tax wage rate, 15.97 3.80 6.87 59.47 801
male)'

WRATF (after-tax wage rate, 12.54 4.53 5.81 39.38 331
female)'

WRBTM (before-tax wage 27.90 13.80 8.94 174.55 801
rate, ma1cY

WRBTF (before-tax wage 19.27 8.06 7.35 60.65 331
rate, femaleY

HM (working hours per ~2.07 6.70 4 71 801
week, male)'

HF (worlting hours per week, 27.29 12.52 2 60 331
femaleY

a. Working individuals only.

upon a formula given by Abramowitz and Stegun (1970, p. 940). Estima-
tion results are given in Table 2. The conditions R~ 0 and S c 0 which are
sufficient for coherency appeared not to be binding. The estimates for the
wage rate coefficients are significantly positive, implying that labor supply
is forward bending, for both males and females. The income effects have
the expected negative sign, and for females the coefficient differs signifi-
cantly from 0. Both the wage and the income effects are stronger for
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Table 2
E.rtimnlion Results of the Common Model (standard errors in
parentheses)

Parameter Males Femalcs

(3 (wage rate) 0.51 (0.17) 1.29 (0.44)
S (unearned income) -0.0055 (0.0035) - 0.0080 (0.0039)
ao (constant term) - 153 (104) -489 (203)
at (LOGFS) 0.18 (1.77) - 31.8 (7.0)
a2 (DCf1 c 6) -0.94 (1.33) -21.4 (5.1)
a~ (LAGE) 108 (S8) 325 (120)
a~ (l.2AGE) - 15.3 (7.9) -50.0 (17.3)
a, (random preference) 12.93 - (0.49) 19.19 (5.3b)
a„ 3.22 (1.40) 12.77 (3.23)

females than for males.3 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, labor
supply is maximal at 34 and 26 years of age for males and females, respec-
tively. The estimated standard deviations of the random variables e and v
are significantly different from zero. For males in particular, the results
suggest that random preferences are the most important source of random
variation of observed working hours.

B. Simultations and Compufation ojDead Weight Loss

Table 3 provides sample means and a simulation of the actual 1985 situa-
tion in order to see to what extent the model is able to describe the data.
This table gives means of hours worked and average employment rates for
males and females divided into groups according to various individual
characteristics. Sample means of hours worked (zeroes included) in Col-
umn 2 can be compared with simulated means (Column 3) in whích both
sources ofrandom variation are taken into account.' The results show, for

3. Since wage and income elasticities according to this model vary in a strongly nonlinear
way, we do not discuss elasticities for specific individuals. tnstead, we present elasticities of
Ihe average numbers of working hours and the average employment rates in the next subsec-
tion. These elasticities are computed from simulation results.
4. The figures in the table are based on 10 random drawings of c and v for each individual.
The resulls appear lo be very insensitive with respect to the chosen number of drawings per
inJividunl.
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Table 3
Siinulation of the Actual 1985 Situation

Males I 2 3 4 S 6

AIl males 849 39.70 39.40 0.943 0.999 0.999
Education level

1 134 37.69 39.31 0.903 0.999 0.999
2 167 37.05 38.94 0.910 0.999 0.998
3 342 40.54 39.05 0.965 0.999 0.999
z4 206 41.75 40.42 0.961 I.000 I.000

Age
~30 154 39.60 39.09 0.935 0.999 0.999
30-39 300 40.83 40.40 0.960 1.000 1.000
40-49 223 39.96 39.94 0.924 0.999 0.999
zSO 170 37.43 37.23 0.929 0.999 0.998

Family size
2 263 39.98 39.18 0.938 1.000 I.000
3 140 38.71 39.30 0.929 0.999 0.998
4 282 38.SS 39.75 0.929 0.999 0.999
zS 164 41.52 39.25 0.957 0.999 0.999

Females

Allfemales 849 10.64 9.94 0.390 0.487 0.412
Education level

1 217 6.73 7.73 0.290 0.403 0.332
2 223 6.94 8.77 0.278 0.452 0.374
3 322 13.26 11.30 0.450 0.522 0.452
z4 87 20.18 13.38 0.701 0.660 0.537

Agc
~30 226 20.33 18.25 0.393 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
zSO I13 4.23 3.53 0.243 0.344 0.2ó6

Family size
2 263 23.32 21.30 0.711 0.821 U.741
3 140 6.71 7.64 0.329 0.486 U.390
4 282 5.65 5.24 0.277 0.371 0.289
zS 164 2.25 1.76 0.122 0.153 O.II3

Note: Column 1: number in the sample; 2: houn workcd, sample mean; 3: hours worked, simulated;
4: cmploymenl, sample; S: desircd cmploymen[, simulatcd; 6: actual employment, simulatcd.
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instance, that for females, the model captures the differences in hours
worked between people of different levels ofeducation to some extent but
not completely. This may be a consequence of the fact that education was
not included as an explanatory variable in 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.
The other columns of Table 3 refer to employment rates: the sample

employment rate (Column 4), the simulated employment rates with only
random preferences (Column S), and with both sources of random varia-
tion taken into account (Column 6). The numbers in Column 5 may be
interpreted as probabilities of desired employment. Actual observed em-
ployment may differ from this because of the enror sources included in v,
i.e., demand-side restrictions, measurement errors, suboptimal behavior,
etc. For females, predicted employment is slightly larger than the ob-
served employment in the sample. Again, the fact that differences in
preferences between females of different education levels are not fully
captured by the model becomes apparent. For males, the model appcars
unable to explain unemployment. The predicted employment rate ex-
ceeds 0.997 for all groups, whereas the actual employment rate in the
sample is 0.944. This shortcoming of the model may 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 10 percent increase of all after-tax

wage rates. The aggregate average number of hours worked would in-
crease by 6.6 percent for females and by 1.2 percent 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 rise in the average employment probability of
5.6 percent. For males, the simulated employment rate was already al-
most equal to one before the wage increase and therefore hardly changes.
A simulation of a 10 percent decrease of after-tax wage rates yields results
that are almost symmetric to the results presented in Table 4. The aggre-
gate average of hours worked falls by 6.3 percent for females and 1.2
percent for males.
Income elasticities are computed in the same way. A 10 percent 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 0.1 percent. For
females, the fall is 2.3 percent, mainly because the employment rate falls
by 2.1 percent.



S26 The ]ournal of Human Resources

Table 4
Si~nulation oja 101o Increase of After-Tax Wage Rates

Males Females

1 2 3 1 2 3

All 39.89 0.999 0.999 10.59 0.513 0.434
Education 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 O.S47 0.476
z 4 40.94 1.000 1.000 14.35 0.691 O.S9S

Age
c 30 39.53 0.999 0.999 19.09 0.729 0.654
30-39 40.88 I.000 1.000 8.97 0.470 0.396
40-49 40.44 0.999 0.999 6.29 0.419 0.333
z SO 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 O.S24 0.424
4 40.25 0.999 0.999 5.81 0.403 0.31.4
S 39.76 0.999 0.999 2.04 O.174 0.126

Note: Column 1: hours workcd, simulated; 2: desired employment, simulaled; 3: actual
employmcnt, simulated

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). The figures
present the actual sample distributions for all males and all females, re-
spectively, and present two different simulated hours distributions: the
distribution with all sources of random variation taken into account, i.e.,
the distribution of hf - s given by (2.3), and the distribution of the h; - s
given by (2.2). The latter can be interpreted as the distribution of desired
working hours, since it dces not take into account the errors included in
v!, which reflect several sources of deviations from optimal behavior. The
gap between desired hours frequencies and simulated actual frequencies
for females reflects involuntary unemployment, as explained by this
model: a negative realization of v~ implies that a person who prefers to
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Figure 1
Di.rtribution oj working hours per week
Mafes, common model
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Figure 2
Distribution of working hours per week
Femules, conunon model



van Scest, Woittiez, and Kapteyn 529

work only a few hours a week dces not actually work. In this model the
probability of involuntary unemployment is thus a strongly decrcasing
function of desired labor supply.
The figures 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 labor supply modcls in
The Netherlands which do not take into account any forms of hours
restrictions and it motivates the explicit modeling of such restrictions. In
the next section such a model will be discussed.
Dead weight loss (DWL) calculations are based on the measure in-

troduced 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 the individual would be willing to pay instead of taxes on labor
income (see, for example, Hausman 1981b). This definition of EV and
DWL for the special case of piecewise linear progressive income taxation
is illustrated in Figure 3. Here w, 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 nonlabor income, not including any
virtual components due to the tax system. The maximum utility level that
can be attained under the actual tax regime is u, - U(h", c'). The equiva-
lent variation is given by N- e(w,, u,), 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 (1974), this DWL measure starts
from the maximum utility level that can be attained under the actual
system (u,) and does not rely on the imaginary utility level which could be
attained in a world without taxes.
The results of DWL calculations are mentioned in Table S. 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 deter-
mined using (2.1) and (2.2). Then (2.4) and (2.5) were used to compute
EV. The table contains the average DWL for groups with different charac-
teristics, in absolute terms (Dj! per week, Column 6) as well as in relative
terms, as a fraction of the tax revenues in the original system (Column 7).
The average DWL is approximately 32.6 percent and 30.3 percent for
males and 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 a large labor supply, since their marginal tax rate is the
largest. For the same reason, one would expect DWL formales to exceed
DWL for females. This is true in absolute terms but not in relative terms,
because female wage elasticity is larger than male wage elasticity. The
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c

EV
Tax

h'

Figure 3
Dead weight loss in the common model

effect on hours worked ofchanging 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 worlting 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, with both e and v set
equal to 0. The results werè quite similar to those mentioned in Table 5.

C. Conclusion

u -U(h',c') - u~

The estimation results of the standard model are satisfactory in the sense
that all parameter estimates have the expected signs. Moreover, esti-
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Tablc 5
Dcrrd Weight Lo.cs Calculalions

Males I 2 3 4 S 6 7

All males 849 39.39 45.88 191 253 62 0.33

Ecluca(ion level
I 134 39.26 43.35 111 132 2I 0.19
2 167 38.90 43.31 120 141 21 O.I8
3 342 39.03 44.90 169 213 44 0.26
z 4 206 40.45 51.25 336 489 153 0.45

Age
~ 30 134 39.08 42.91 I10 t24 14 0.12
30-39 300 40.34 47.16 203 26R 65 0.32
40-49 225 39.89 47.96 245 343 98 0.40
? SO 170 37.32 43.58 171 225 54 0.32

Family size
2 263 39.20 44.40 i53 187 32 0.21
3 140 39.31 45.54 I81 236 SS 0.30
4 282 39.78 46.93 210 280 70 0.33
z S IG4 39.08 46.72 224 328 104 0.46

Females

All females 849 9.33 I I.I l 16 21 S 0.30

Education level
I 217 7.24 8.22 9 10 2 0.18
2 223 7.92 9.19 11 13 2 0.22
3 322 10.73 12.80 20 26 6 0.30
z 4 87 12.92 17.01 36 53 16 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.i8 6 8 2 0.31
z 50 IIS 4.67 3.26 4 S I 0.24

Family size
2 263 20.75 24.63 41 52 II 0.26
3 140 6.75 8.17 10 14 S 0.53
4 282 4.54 5.46 S 8 2 0.46
~ S 1 G4 I.44 1.66 I 1 0 0.34

Note Column I: numtxr in the sample; 2: hours simulatcd, actual tax system; ): hours simulated,
lump sum taxcs; 4: taxes, actual system (Tax) Djl per week): S: taxes, lump sum (EV) (DJI per

weckl; 6: dead weight loss (EV-Taxl (Djl per weekl: ~: (EV-Tax)lTax.
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mated 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 distri-
butions with simulated distributions reveal important shortcomings of the
model: it does not capture the spikes in the male and female hours distri-
bution and it cannot explain unemployment among males. In order to test
the specification of the model formally, it was also estimated using infor-
mation on employed individuals only (with a conditional likelihood func-
tion). 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 re-
sults 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 con-
straints on working hours seems a very important one, at least in The
Netherlands. This approach is taken in the remainder of this paper.

III. A Model with Demand Side Restrictions

The labor supply model discussed in Section lI takes ac-
count of tax laws in describing the budget constraint. In this section we
present a model which also explicitly captures demand side restrictions
by modeling the limited availability of jobs with different, distinct, num-
bers of hours. Other labor supply models taking into account hours re-
strictions and involuntary unemployment include, for example, Moffitt
(1982), Ham (1982), and Blundell et al. (1987). The model studied here is
largely based on a paper by Dickens and Lundberg (1985).

A. The Model

The starting point is the common model, described in Equations (2.1)-
(2.2). The error term v, representing among other things deviations from
preferred numbers of hours due to demand-side restrictions, is omitted.
Instead, we model demand-side restrictions by means of distributional
assumptions about job offers. Another difference with the common model
is that the number of hours of work is no longer considered to be a
continuous variable, but a discrete one. ln this section we consider num-
bers of hours at four-hour iniervals ( i.e., 0, 4, 8, etc.). In what follows, we
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use the subindex l to denote such hours points h. For example, I- 0
corresponds with h- 0,1 - 1 with h- 4. l- 2 with h- 8 and so on. For
clarity of presentation we omit both the indez j, denoting the jth individ-
ual and the index i, denoting budget segment i[compare Equation (2.1)].
We assume that employers offer jobs with fixed numbers of hours.

Workers face the market distribution of these employment opportunities.
Furthcrmore, it is assumed that the market distribution ofjob ofters is the
same for all workers, such that the probability that one job offer involves
h~(~ 0) working hours is:

(3.1) Pr[one job offer h- h~] - p~, l- 1, ..., m.

Here m is the number of different values of working hours h~ ~ 0. An
individual receives N job offers which are not necessarily different; he
may, for example, receive N job offers all requiring 40 hours per week.
The probability of this event (conditiona) on N) is p ió (1 - 10 corresponds
to h- 40). The number ofjob offers an individual receives, N, is as~umed
to be a drawing from a binomial distribution B(Nm,x, PoI). The maximum
number of job offers Nm,x is fixed at 10.s
In this context the labor supply decision becomes a discrete choice

between Njob offers, drawn from the market distribution of offers, or not
working:

(3.2) h - hk iff U(hk, c~) i' U(hi, c~)

for all l in the range of received job offers and for l- 0. Here c~ is the
consump~ion level corresponding to h~. If there are no hours constraints,
i.e., an individual can choose any number of hours, then (3.2) holds for all
l. In general, the individual maximizes utility on a subset of possible
numbers of hours only. For a nonworker this subset may contain only one
element, zero hours, because N is assumed to be a random variable of
which zero is one of the possible outcomes. 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 job offer hk and prefers this job of(er to all different job offers
which were received and to unemployment. The individual is unemployed
if he prefers zero hours of work to all job ofters he received or if he
received zero offers.
The likelihood contribution of a given observation is a function of:

~ parameters of the utility function ([i, S, a - s, v~)

S. Conceivably, the probability of rcceiving a certain numbor of job ofters may depend on

an individual's characteristics. We have decided to ignorc this possibility for the sake of

(some) simplicity.
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~ probabilities of job offers with different numbers of hours (pk - s)

~ the parameter determining the number ofjob offers an individual
receives (P~).

In this model there are three sources of randomness, namely:

~ e, representing stochastic preferences,

~ N, the number ofjob offers, and

~ 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
(3.2) because if preferences (e) are known, it is easy to check for each I~
k whether U(hk, ck) exceeds U(h~, c~) or not. Since the taste parameter e is
not observed, the likelihood of observing h- hk hours given N can be
written as the mean of Rk(e, N):

(3.3) L(h - hk~N) - ~~ 1(e)Rk(e, 1V) de.
m

where f is the density function of e(-- N(0, a~)). For random N the
likelihood function (3.3) is given by:

N.,..

(3.4) L(h - hk) - ~ L(h - hk~N)p(N)
N~0

where p is the probability function corresponding to B(Nmax, Pof). Since
L(h - hk~N - 0) - 0 if hk ~ 0, for workers Equation (3.4) turns into

N.,..

(3.5) L(h - hk) - ~ L(h - hk~N)P(N).
N~I

Since L(h - O~N - 0) - l. Equation (3.4) can be written for nonworkers
as

N.,..

(3.6) L(h - 0) - p(0) t ~ L(h - O~N)p(N).
N~1

The two terms in (3.6) 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 dif-
ference with the common model is the fact that the error term v is re-
placed by the job offer mechanism. Thus, an alternative explanation is
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given for differences between actual and desired labor supply: Instead of
assuming that these deviations are random drawings from a normal distri-
bution, flexibility is added in the sense that correlation of deviations from
desired behavior with the desired number of working hours is allowed for.
As in the common model, the distinction between desired and actual labor
supply hinges strongly on identifying assumptions, since no information
on desired behavior is used. In the extended model, the main identifying
assumption is that the job offer distribution does not depend on individual
characteristics such as age, edueation, ete. Therefore, conclusions about
desired labor supply should be interpreted with caution. Eventually, de-
sired hours are only introduced as a tool to create a model which yields a
reasonable description of the distribution of actual working hours.
This sort of comment also applies to other features of the model. For

instance, our specification of the job-offer distribution is only one out of
many; we assume that the job-offer distribution is fixed (not dependent on
the tax system). We have chosen to explain the spikes in the hours distri-
bution by demand side restrictions and a smooth distribution of prefer-
ences, rather than by spiked preferences. Without more information in
the data, one cannot (nonparametrically) identify which of the various
possibilities of specification is the correct one.

B. Estimation Results

Table 6 presents estimation results of the model described above, which
we refer to as the extended model. It was estimated for males and females
separately with the data described in Section II. As said before, the num-
ber of hours in this model is assumed to be a discrete variable. Each of the
points with hours strictly greater than 0 corresponds to a probability that
this number of hours is offered. These probabilities could be estimated
freely, but to reduce the number of parameters to be estimated we have
set the probabilities of various points equal to each other. We have, for
example, assumed that jobs involving 4, 8, 12, or 16 hours per week are
offered with the same probability. For the exact distributional assump-
tions of job offers see the upper panel of Table 6. The maximum number
of hours offered is set equal to the sample maximum of hours worked, 72
for males (m - I8) and 60 for females (m - IS).
The number ofjob offers an individual receives is a random drawing

from the binomial distribution B(10, Pof). The estimated value of Pofis 1
(upper bound) for males and 0.395 for females. This implies that a man
always receives 10 offers, whereas a woman only receives about four job
offers on average. It follows from the numbers in Table 6 that according to
this model most job offers involve 40 or more hours per weck. The esti-
mates for p12 -...- pm seem rather large, for both men and women, and



Table 6
Estimation Resufts of the Extended Model (standard errors in parentheses)

Males Females

Job offersa
Pt -.-.- Pa (4, 8, 12, 16) 0.0009 (0.0005) 0.012 (0.0039)
ps (20) 0.002 (0.001) 0.030 (0.001)
pb - p~ (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 (0.013)
p,o (40) 0.297 (0.132) 0.302 (0.083)
p„ (44) 0.309 (0.062) 0.130 (0.042)
Ptz - ~ ~ - - Pm (48, . . . , 4m)b 0.054 (-)b 0.094 (-)b
Pef 1.0 (-)` 0.395 (0.143)

Preferences
a (wage rate) 0.405 (0.242) 0.768 (0.243)
S (unearned income) -0.0007 (0.003) -0.0041 (0.0013)
oto (constant term) -259. (109.) -172.1 (85.5)
a, (LOGFS) -0.141 (1.733) -14.1 (3.1)
aZ (DCH c 6) - 0.899 (1.287) - 9.03 (2.22)
a3 (LAGE) 167. (61.) 126.0 (49.9)
a~ (L2AGE) -23.7 (8.4) -19.8 (7.2)
v~ (random preferences) 11.91 (0.98) 7.71 (1.96)

a. The number{s) of working hours to which the probabilides corrcspond are given in parentheses.
b. m~ I8 for males and m a IS for females; p~z t...~ p,~ is determined by the other probabilities because the probabilities add up to
one. Therefore, no standard error is computed.
c. Since thc estimate is at its upper bound, no standard error is computed.
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imply that almost everyone has the opportunity to work 48 hours or more.
These large numbers, however, do not necessarily imply that many peo-
ple actually work so many hours, since preferences are such that these
offers will rarely be accepted (see below).
The lower pane) of Table 6 contains estimated parameter values of the

utility function. lt is striking that for females all estimated values are
smaller in absolute value than the corresponding ones in the common
model, but they are still significant. 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. The age
profiles of preferred hours do not differ much from those found in Section
II. Hours rise with age until about 32 years for men and 25 years for
women. There is a remarkable difference between the estimates for v~ for
females in the two models. Apparently, part of the variation in actual
hours worked which the common model explained by different prefer-
ences, is ascribed to differences in hours restrictions by the extended
model.

C. Simulations

Table 7 provides simulation results of the extended model. This table is
comparable with Table 3 with an extra column added representing simu-
lated desired working hours. The main differences between the simula-
tions with the common model (Table 3) and the extended model (Table 7)
are:

~ Differences in hours worked between people of different levels of
education are better explained by the extended model (but not com-
pletely).

~ Desired employment for females is much larger in the extended
model than in the common model, implying that according to the
extended model females are strongly restricted in their choice:
There are not enough jobs with a limited number of working hours
(see also Figure 5).

~ The extended model performs better than the common model in the
sense that it is capable of explaining the 6 percent unemployment of
males. Since simulated desired employment is close to one, unem-
ployment is explained by the hours constraints: All males receive
10 job offers, but some of them only receive offers involving an
unattractive (large) number of working hours and thus they choose
not to work.
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Table 7
Simulation of the Actua! 1985 Situation

Males 1 2 3 4 S 6 7

All males 849 39.70 37.01 40.25 0.943 0.999 0.944

Education 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 0.963 0.999 0.943
2 4 206 41.75 37.93 41.13 0.961 0.999 0.958

Age
c 30 154 39.60 36.54 39.80 0.935 0.999 0.937
30-39 300 40.83 38.35 41.51 0.960 0.999 0.960
40-49 225 39.96 37.53 40.74 0.924 0.999 0.952
2 SO 170 37.43 34.03 37.78 0.929 0.998 0.912

Family size
2 263 39.98 36.36 39.67 0.958 0.999 0.935
3 140 38.71 36.69 39.96 0.929 0.999 0.940
4 282 38.85 37.62 40.78 0.929 0.999 0.952
z S 164 41.52 37.29 40.50 0.957 0.999 0.948

Females

Allfemales 849 10.64 12.43 10.89 0.390 0.825 0.396
Education level

1 217 6.73 10.18 8.01 0.290 0.753 0.313
2 223 6.94 11.75 9.69 0.278 0.822 0.366
3 322 13.26 13.50 12.35 0.450 0.850 0.435
a 4 87 20.18 16.OS 13.72 0.701 0.923 0.534

Age
c 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
40-49 212 7.66 9.60 6.50 0.330 0.794 0.283
a SO 115 4.25 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
3 140 6.71 11.59 8.59 0.329 0.878 0.356
4 282 5.65 9.34 5.87 0.277 0.801 0.269
z S 164 2.25 3.30 2.35 0.122 0.573 0.133

Note: Column 1: number in the sample; 2: e.ctual hours warleed, sample mean; 3: preferred hours.
simulatcd; 4: actual hours worked, simulated; S: empbymeut, sample; 6: desued empbyment,
simulated; 7: actual cmployment, simulated.
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The consequences of a 10 percent increase in all after-tax wage rates
are presented in Table 8. It shows a small increase (1.0 percent) in hours
worked for men, and a larger increase (7.9 percent) for women. These
results are similar to those in the common model. It is interesting to see
that for females the elasticity of the average actual number of working
hours with respect to their own wage rate is larger than the corresponding
elasticity of desired hours (5.9 percent). This may be explained by the fact
that the choice set is 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 (0 percent, male labor supply hardly changes. For females,
actual hours and employment decrease by 2.3 percent and 2.0 percent,
respectively. Preferred hours and employment fall by 2.0 percent and 1.0
percent.

Table 8
Simulntion of a 10 Percent lncrease of After-Tax Wage Rales

Males Females

I 2 3 4 I 2 3 4

AIl 37.48 40.64 0.999 0.949 13.18 11.75 0.849 0.42t
Education level

I 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 I.000 0.963 Ití.97 Ití.97 0.942 O.S68

Agc
~ 30 36.94 40.15 0.999 0.942 19.45 21.03 0.939 0.658
30-39 39.01 41.88 1.000 0.964 12.11 10.10 0.842 0.383
40-49 3R.01 41.13 0.999 0.957 10.35 7.33 0.824 0.311
~ SO 34.54 38.25 0.998 0.920 8.84 5.92 0.734 0.260

Family size
2 36.79 40.OS 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.IS2

Notc: Column I: prcferred hours, simulated; 2: actual hours worked, simulated; 3: de-
sired employment, simulatcd; 4: actual employment, simulated.
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Table 9
Simulation of an Increase of the Number of Par!-Time
Job Offers

Males Females

1 2 1 2

All 38.80 0.968 11.54 0.486
Education level

1 37.89 0.959 8.90 0.399
2 38.23 0.963 10.58 0.461
3 38.89 0.968 12.80 O.S23
Z 4 39.71 0.976 IS.94 0.631

Age
c 30 38.34 0.963 19.39 0.711
30-39 40.18 0.977 10.14 0.451
40-49 39.31 0.973 7.85 0.382
z SO 36.12 0.948 6.54 0.326

Family size
2 38.18 0.962 21.87 0.798
3 38.50 0.965 10.08 0.475
4 39.37 0.972 7.40 0.372
Z S 39.07 0.970 3.35 0.190

Note: Column 1: actual hours worked, simulated; 2: actual cmployment,
simulated.

In a final simulation the consequences are studied of relaxing hours
restrictions in the sense that more part-time jobs are offered, 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 2.3 percent
for males and 11.4 percent for females. Table 9 shows what happens if the
value ofps (the probability that one offer involves 20 hours) is increased in
such a way that the probability of receiving at least one offer of 20 hours
becomes O.S.6
Because restrictions are relaxed, actual numbers move towards pre-

6. For males, this implies p~ - 0.067, and as a consequence ptz -...- p~~ is reduccd to
0.045. For females, ps - 0.170 and p~z a...- pts - 0.0592.



van Soest, Woittiez, and Kapteyn 541

ferred ones. Thus, many of those who prefer to work part-time but either
did not work or worked full-time because there was no part-time job
opportunity, will now be able to find a 20 hours job. Unemployment and
full-time work will fall in favor of part-time work. For males, the fall in the
number of full-time workers dominates, and average working hours de-
crease for all age and education categories. 12.5 percent 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 15 percent, and 23.5
percent of all women will work 20 hours.
The parameter estimates in the lower panel of Table 7 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 er-
rors, presented in Figures 1 and 2. The two distributions are very similar
apart from differences due to the different desired employment probabili-
ties which we already discussed (see Table 8)'.
Combining the demand side of the model ( the offers distribution) and

the supply side (preferred hours) yields the distribution of aciual working
hours such as it is simulated with the extended model. Comparing the
sample distribution of actual hours with the simulated distribution shows
that the extended model predicts an hours distribution much more in line
with the data than the common model. This improvement must be attrib-
uted to the different distributional assumptions. By assuming that both
random variables in the common model are normally distributed, one
forces an hours distribution which is too smooth. In the extended model
this is no longer the case. Note that the extended model has a larger
number of parameters, which makes it easier to produce a good fit.
Figures 4 and 5 only display information about working individuals. Let

us now focus on the 6l percent of females and 5.6 percent of males who
do not work. The extended model predicts an unemployment rate of 60.5
percent and S.S percent for females and males, respectively. Table 10
yields information on how these numbers come about. In the first column
the simulated actual working hours distribution is given, and in the second
the simulated preferred hours distribution. Only 17.5 percent of the fe-
males prefer not working to any positive number of working hours. The
remaining 43 percent of predicted nonworkers is due to hours constraints.
A large number ofwomen, 54 percent of all females, would prefer to work
between 4 and 16 hours per week. But jobs requiring such low number of
hours are rarely offered: the last column contains the probability that the
choice set contains the number ofhours h~, 1-(1 - Porp~)N~ (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
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Table 10
Siinulaled Actual aird Desired Hours Dislributions and Jub Offer
Probabililies (prohabililies x I00)

Males Females

Hours (h~) Actual Preferred Offered Actual Preferred Offered

0 5.58 0.11 - 60.44 17.45 -
4 0.07 0.20 0.9 2.40 II.l9 4.6
8 0.10 O.S4 0.9 2.50 15.50 4.6
12 0.13 1.24 0.9 2.47 16.32 4.6
16 0.17 2.59 0.9 2.31 12.11 4.6
20 O.S9 4.70 2.4 5.33 9.94 11.3
24 0.32 7.38 1.1 2.32 7.67 5.8
28 0.38 10.30 1.1 1.96 5.12 S.8
32 1.42 12.71 3.4 5.07 2.86 18.1
36 2.71 13.85 S.8 2.64 1.26 13.3
40 54.25 13.35 97.0 10.24 0.44 72.3
44 17.52 11.49 97.5 1.41 0.12 42.0
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
S6 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 1.09 0.90 42.5 0.02 0.00 -
68 O.SS 0.38 42.5 0.01 0.00 -
72 0.25 0.22 42.5 0.00 0.00 -

not have the option of working part-time. Intuitively, the fact that firms
are reluctant to of'fer 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 ofjob often held by women. Women often work in the service
sectors, where part-time jobs are more common.
In the extended model the rare occurrence of people working only a few

hours is explained by hours constraints. Again, however, it should be
stressed that this explanation hinges strongly on the identifying assump-
tions. An alternative explanation for the lack of part-time jobs may, for
instance, be the existence of fixed costs at the supply side of the labor
market, such as costs of child care, etc., which are not taken into account
in either the common or the extended modeL These fixed costs make it
unattractive for an individual to work only a few hours.
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D. Dead Weight Loss Calculations

When dead weight losses are calculated, restrictions on working hours arc
usually ignored. Since the extended model explicitly takes these restric-
tions into account, it seems natural to incorporate the hours restrictions
also in the calculation ofDWL. We therefore introduce a measure of DWL
which is the appropriate substitute for the measure used in Section II 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 (e is given) and the finite set of job offers is given. The
individual chooses the best point in the finite set {(h~, co), (h', c'), ...,
(hN, cN)}, where 0 - ho c ht c... ~ hN and c' denotes consumption
corresponding to h' according to the actual tax system.' The two figures
below show what DWL may look like. Figure 6 refers to a person with a
choice set containing six points. The optimal choice is (hZ, c2), as can be
seen from the form of the indifference curve corresponding to utility level
U({t2, c2), which is the curve through points A, E, and C. Taxes paid will
thus equal Tt. (Note that in the first tax bracket no taxes are paid, so the
before-tax wage rate equals wt, the after-tax (marginal) wage rate corre-
sponding to the first bracket.)
If the tax system were replaced by a lump sum tax of the same amount

Tt, the individual's choice set would consist of six points on the line
through A and B. From the indifference curve U - U(hZ, cZ), it can be
seen that the individual would then choose to work eilher h' or h' 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 T,,
he would still be better off than in case of the actual system. DWL is
dcfined as the answer to the question "how much more would the taxed
consumer ut ,nost be willing to pay as a lump sum rather than in the form
of labor taxes (hours restrictions taken into account)?" If the lump sum is
raísed to Tt f BC ( the distance between the points B and C), and if the
individual would in that case still choose to work h4 hours, then he would
be just as well off as under the original system. But he can do better by

7. Note Ihe distinction between super- and subindices: (ho, c") -(o, co) but in general {(h',

c'), . . . , (hN, cN)} is a subset of {(h,, c,), . . . , (h~„ c,~)}.
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--------------------------

--------------

Figure 6
Dead weighl lossfor a fini[e set of job offers

choosing h~ 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(hZ, cZ). EV is thus given by T~ f EF and DWL is given by EF, which is
the maximum vertical distance between points corresponding to job op-
portunities on the line through A, F, and B (the líne through the original
optimum with slope wi) and the indifference curve through A, E, and C
(the indifference curve corresponding to the maximum utility level under
the original tax regime). Let cZ' be the consumption level defined im-
plicitly by

(3.7) U(hZ, cZ) - U(h'. c2') (Í - 2, . . . , N).

DWL is then given by

(3.8) DWL - Max {w~h' t co - cZ'} - T~.
J - 2.... ,N
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In Figure 6, the maximum is attained forj- 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.
lf in the case referred to by Figure 6(h', c~) and h', c') 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 by Figure 7.

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 appopriate lump sum regime, the individual will work h' J 0 hours and
pay a lump sum w~h' f co - c' ~ 0. On the other hand, DWL would be
zero if hours worked could be chosen freely, since in that case the individ-
ual would work h' hours and changing the tax system would have no
effect.
lt is straightforward to extend the examples given above to the `general

case' with preferences given by (2.4), for known e and given job offers
{(ho, co), (h', c'), ...,(hN, c"')}: For i, j E{0, .., N}, i ~ j, let c" be
defined by

(3.9) U(h', c') - U(h~, c'J).

An explicit expression for c'~ is easily derived from (2.4):

(3.10) c" - SZ [{R - Sh~}{U(h`, c') f log([i - Sh')} f S{h' - X'a - e}].

Let (h'', c'') be the utility maximizing choice. DWL is given by

(3.11) DWL - Max {w~h' f co - ci'} -{wih'' t co - ci}

- Max {w~(h~ - h'') f ci - c"}.
J-i'.....N

If preferences or the set of job offers are not fixed, we assume that the
lump sum can be adjusted exactly to each possible realization of thc
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

(3.12) E{DWL} - E~{E{DWL~e}} - ( mj(e)E{DWL~e} dE.
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Figure 7
Dcad weight (oss for someorre who does not work

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 encoun-
tered in writing down the likelihood function of the model (see Tummers
and Woittiez 1988). An analytical expression for E{D WL~ e} is derived in
Appendix C. Since this expectation is a complicated function of e, it is not
possible to compute the integral in (3. l2) analytically. Therefore, for each
individual 10 values e;(j- 1, ..., l0) are drawn randomly from a N(0,
a~)-distribution and E{DWL} is approximated by 1I10 E;o ~ E{DWL ~ e;}.
Mean dead weight losses for age and education categories are given in

Table I 1, which can be compared to Table 5. According to the extended
model, DWL appears to be much smaller than according to the common
model, for both males and females. On average, DWL in the extended
model is 10.7 percent of taxes paid for males and 15.4 percent for females.
In the common model these figures were 32.6 percent and 30.3 percent,
respectively. Since wage rate elasticities are approximately the same in
the two models, the 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 common
model, but for females this is not the case. Moreover, the change from the
actual tax system to lump sum taxation in the model with hours restric-
tions has a positive impact on employment (the effect described in the
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Table 11
Dead Weight Loss Calculalions

Malcs I 2 3 4 S 6 7 B 9

AIl males 849 40.28 42.71 203 224 22 0.11 0.944 0.954
Education level

1 134 39.17 40.82 116 124 8 0.07 0.922 0.933
2 167 39.56 41.33 127 133 8 0.06 0.931 0.942
3 342 40.31 42.75 184 200 17 0.09 0.947 0.956
~ 4 206 41.21 44.98 3S1 402 SO 0.14 0.963 0.974

Age
~ 30 154 39.73 41.05 I13 119 4 0.04 0.933 0.940
30-39 300 41.66 44.30 2I8 241 23 0.11 0.961 0.971
40-49 225 41.13 44.08 259 293 34 0.13 0.961 0.969
~ 50 170 37.20 39.38 I81 199 18 0.10 0.898 0.917

Family size
2 263 39.54 41.45 161 I72 11 0.07 0.933 0.943
3 140 39.83 42.13 189 208 19 0.10 0.935 0.944
4 282 40.73 43.46 225 230 25 0.11 0.952 0.963
z 5 Ifr1 41.03 43.90 243 278 35 0.15 0.933 0.963

Females

AIl females 849 10.84 12.63 23 27 4 0.15 0.393 0.433

Fducation level
1 217 8.39 9.45 12 13 1 0.09 O.121 0.345
2 223 9.23 10.82 16 18 2 0.13 0.354 0.391
3 322 12.37 14.18 27 30 3 0.13 0.434 0.471
z 4 87 15.43 19.46 57 71 14 0.25 0.533 O.filS

Age
~ 30 226 19.88 21.84 38 41 3 0.08 0.633 0.666
30-39 296 9.20 11.30 26 ll 6 0.22 0.353 0.399
40-49 212 6.34 7.98 13 IS 3 0.22 0.278 0.)19
? 50 115 5.59 6.51 8 9 I 0.13 0.247 0.270

Family size
2 263 22.83 25.24 49 34 4 0.09 0.716 0.736
3 140 8.72 10.86 20 23 S 0.23 0.3fi0 0.411
4 282 5.79 7.54 t2 16 4 0.32 0.267 0.311
? S lé4 2.11 2.67 3 4 I 0.25 0.125 0.142

Nu~r. Column 1: number in the sample; 2: houn simulafed, actual tax system; 3: hours simulaied,
lump sum taxes; 4: taxes, actual system (Djl per week) (Tax); S: taxes, lump sum (Djl per week)
fF.V 1: 6: dead weight loss (njl per week) (EV-Tax); 7: (EV-Taz)ITax: 8: simulatcd employment, actual
laa syslem; 9: simula~ed emplayment, lump sum t~xes.
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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 9.7 percent. 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 I:trgest
role.

IV. Conclusions

In Sections lI and lIl, two models of individual labor supply
are estimated, both ofthem based on the linear Hausman (1981) specitica-
tion and accounting for a piecewise 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 eight other recent empirical studies of labor
supply in The Netherlands. He presents eight 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 four 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 30 percent for females corresponds to values of 27
percent and 37 percent, which were obtained by Grift (1988) with Dutch
1983 data of married women. The substantially different DWL's found in
Section III should perhaps not be too surprising, since the DWL definition
hinges strongly on the structure of the model, i.e., the hours constraints.e
The introduction of the extended model ís motivated by the fact that the

common model yields a poor description of the sample distribution of
working hours. The results, in particular Figures 4 and S, unquestionably
show that in this respect the model in Section lll is a success. This,
however, does not mean that it 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.

8. Of course, it should be realized that DWL by definition will tend to overestimate the
efficiency loss based on the tax system in practice, since the lump sum system is an alterna-
tive which has never been implemented in any society and for good and well-knuwn reasons.



van Soest, Woittiez, and Kapteyn 551

Rejection was strongest for the parameters referring to demand side re-
strictions, intuitively suggesting that this is where most misspecification is
located. On the other hand, for females, the hypothesis that P~,~does not
depend on LAGE and L2AGE is accepted at a 5 percent level by a La-
grange multiplier test (a test statistic of 2.2 with critical value xZ;o.os -
6.0).
A number of extensions and improvements of the modcl certainly de-

serve more attention in future research. The specification of preferences
is convenient but possibly restrictive. For instance, preliminary analysis
of a labor supply equation involving a quadratic wage term, suggests a
significant improvement. This extension would correspond to the utility
specification suggested by Hausman and Ruud (1984). Another interesting
example is given by Heckman (1974), 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 ig-
nored. 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 an additional
layer of complexity to an already intricate model. Hence, this is left for
future work. In the third place, the modeling 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
dcpends both on the duration of the preceding spell of employment and on
the duration of the current spell of unemployment.

Appendix

A. Data and Wage Equations

The data we use stem from the OSA Survey. 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.
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7'able A.1
Wngc~ Eqrcutrons

Males Females
Parameter t-value' Parameter t-value~

Constant -5.96 2.75 - 12.71 4.49
DED2b 0.063 1.54 0.091 1.58
DED3b 0.144 3.93 0.160 3.24
DED4b 0.393 10.10 0.468 8.11
LAGE 4.624 3.85 8.681 S.3S
L2AGE -O.t~00 3.58 - 1.214 S.2S
EDSEC` 0.026 2.08 0.066 2.79
Lambda`~ 1.379 1.39 -0.013 0.27

Number of observations 801 331
RZ 0.243 0.290

a. r-values are not corrected for the possible seleclivity bias.
b. DED2, DED3, DED4: dummy variables referring to the levels of education EDM
(males) and EDF (females), ranging from I(lowest level) to S(highesl leve4. DED2 - I
if ED - 2, DED3 - I if ED z 3, DED4 - I if ED - 4 or ED - 5.
c. EDSEC: index variable referring lo the seclor of education; EUSED - 2: lechnical or
business, EDSEC - I: semi-technical or semi-business, EDSEC - 0: neither lechnical
nor business.
d. Lambda: the inverse of Mill's ratio.

The main component of after-tax labor 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."

The answer can be the amount per week, per four weeks, or per month,
and is transformed into weekly income. Regular shiftwork allowance,
overtime allowance, tips, etc., are gíven separately in the survey. The
after-tax wage we use is the sum of the main component and these regular
allowances.
ln estimating the labor supply models of Sections 11 and 111, unknown

before-tax wage rates of nonworkers were replaced by predicted wage
rates. Predictions are based on the following estimation results of the log-
wage equation. These were estimated following the Heckman procedure
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Table A.2
fatimnlion Resuhs oj the Common Mndel; Workers Only (stnndnrd
errors in pnrenlheses)

Parametcr Malcs Females

p (wage ratc) 0.0 (-)a 0.91 (0.26)
S (unearned income) -0.0013 (0.0035) -0.0061 (0.0028)
a~ (constant term) - IS4 (S6) 2S. I (132)
ai (f.OGF;S) 0.32 (0.90) - 14.8 (2.6)
aZ (DCfI c 6) -0.17 (0.68) -0.97 (2A)
a~ (LAGE) 109 (31) 21.0 (76.1)
aa (L2AGE) - IS.2 (4.3) - S.I (I0.8)
o, (random preferences) 5.04 (I1.6) I.SS (4.98)
o„ 4.30 ( 13.4) 10.53 (0.64)

a. ~['he estimate is al its lower bound. This bound is imposed to avoid coherency prob-
lems.

to take account of possible selectivity bias. For both males and females,
the selectivity bias is not significant. The meaning of the exogenous vari-
ables is explained in Section [I of the main text.

fl. Estimation oj lhe Common Mode! Using lnjormntion on Workers Only

The model described in Section I1 was also estimated using information
on workers only, taking into account selectivity bias due to truncation by
using conditional maximum likelihood. Note that this estimation proce-
dure has the advantage that imputation of predicted wage rates for non-
workers is avoided. Estimation results are mentioned in Table A.2. Some
of the estimates are substantially dit'ferent from those mentioned in Table
2, pertaining to the estimation for both workers and non-workers. The
large differences strongly suggest that the common model is sevcrely
misspecificd.
Simulations based on these resutts can be compared with those mcn-

tioned in Tables 3 and 4. Predicted participation for males is almost equal
to 1, as in Table 3. For females, the average simulated participation prob-
ability equals 0.957, which is quite out of line with both the actual sample
participation and simulated participation in Table 3. The estimated avcr-
age 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 A.l and A.2 are obtained in the same way as Figures 1 and 2
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~----~ Samplcdistribulion
o-----o Simulatcd, bwh random Icmts includcd

10 IS 26 34 42 50 58 66 74
numbers ofhours

Simulated, only random preferencc term includcd

10 18 26 34 42 50 58 66 74
nwnbcrs of hours

Figure A.1
Condilionnl distribution oj working hours per week
Mafes, romrnon rnodel, workers only
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~ ~ Sampledislribution
a------0 Simulated, both random temis includcd

freyucncy ( in ~7,)
24 .

20

16

12

8

4

2

frcyucncy (in ~lo)
24 ~

20 ~

16 1

10

10

18

I8

26 34 42 50 58 ófi 74
numbcr o( hours

Simulated, only random preference terrn included

26 34 42

numbcr of hours

50 58 G6 74

Figure A.2
Conditionnl distribution oj working hours per week
Females, common model, workers only
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and can be used to compare the sample distributíon of actu:il working
hours with the simulated distribution based on the estimates of Table A.2.
The figures show that excluding non-workers dces not solve the problem
that the spikes in the sample distribution of actual working hours arc not
explained.

C. Derivation ojE{DWL~e}

In this appendix we derive an analytical expression for the conditional
expectation ofDWL for given e, which can be used to compute the uncon-
ditional expectation with Equation (3.12). The technique used here is
similar to the one needed for writing down the likelihood function of thc
extended model ( see Tummers and Woittiez 1988, Section 2 and Appen-
dix). We assume that e is given but that job offers are random. For i,j E
{0, I,.. ., rn}, i ~ j, let

(A.1) DWL;; - {~v~(h; - Jt;) f c; - c;;},

where c; is consumption corresponding to h; and c;; is defined in the same
way as c'' in (3.9). DWL;~ is the realization of DWL if in case of the actual
tax system the optimal choice is (h;, c;), which is (h'', c'') in (3.1 I), and in
case of the "appropriate" lump sum taxation the optimal choice is (h;, c;,)
which is (Ir', c'') in (3.11). Since DWL;; - 0, the expected dead weight
loss conditional on e is given by

m m

(A.2) E{DWL~e} - ~ ~ Pr[DWL - DWL;;JDWL;;.
;3o;,;.i

The probabilities Pr[DWL - DWL;;] can be calculated as follows: Let

(A.3) f2; - {k E {0, . . . , m}; U(hk, ck) ~ U(h;, c;)} (i - 0, . . . , m)

and

(A.4) 0;; -{k E{0, .. ., m}; k c i or DWL;k ~ DWL;;}.

(i,j E {0, . . . , nt},! C j).

hus, f2; corresponds to the offers which are not preferred to (h;, c;), and
~;; corresponds to the offers which yield a dead weight loss that does not
exceed DWL;;, conditional on the fact that (h;, c;) is the optimal choice.
Therefore, DWL - DWL;; if and only íf for each job offer (hk, ck) we have
k E S2; fl ~;; and (h„ c;) as well as (h;, c;) are offered. For A C{0, I, ...,
m} Ict
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(A.5) q(A) -( I- P„f) f ~ P„fP,t if 0 E A
kEA~(01

-0 ifO~A.

We avoid conditioning on the number of job offers N by interpreting the
Nm~x - 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 0
E A then q(A) can be interpreted as the probability that one job offer
belongs to A. For each i, j E{0, I, ..., m} with i c j we can now writc

(A.6) Pr[DWL - DWL,;1 -{q(~r n A;;)}N~,., -{q(~; n Aij`fi})iNm.,

- {q(12; fl A;j`{j})}N„~.

l !

~- {q(iZ; fl A;j`{i, j})}N~,..

This implies that Pr[DWL - DWL;j] - 0 if U(h;, c;) c U(ho, co) [i.e., 0~
(2;: the individual prefers (0, co) to (h;, c;)] or if U(h;, c;) c U(h;, c;) [i.e.,j
~,f2;: if (h;, c;) and (hj, c;) are both in the choice set, the individual chooses
(hj, c;), so (h;, c;) cannot be optimalJ. The expected dead weight loss can
now be found by substitution of (A.6) into (A.2).
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