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Lower Wages for Less Hours

A simultaneous wage-hours model for Germany

Elke Wolf
Zentrum fiir Europiische Wirtschaftsforschung (ZEW), Mannheim

Abstract:

In this paper the impact of working hours on the gross hourly wage rate of
West German women is analyzed. We use a simultaneous wage-hours model
which also takes into account the participation decision. Furthermore, we check
if the effect of working hours on wages depends on individual characteristics,
such as human capital, firm size or industry sector.

We can conclude that in our preferred specification, the exogeneity assump-
tion of working hours in the wage regression does not really cause a problem
for the estimation of the wage differentials between part-timers and full-timers.
However, if it is assumed that the effect of working hours on the hourly wage rate
is the same for all individuals, the labor supply decision should be fully taken
into account. Our estimates show that the hourly wage rate is strongly affected
by the working hours. Further we detect different wage-hours profiles for some
specific groups. Depending on the specification and the selected group, the wage
rate increases with rising working hours up to a threshold which varies between
21 and 34 hours a week. Taking into account the measurement error in working

hours moderates the high wage reductions for long working weeks.



1. Introduction

Whether part-time workers earn lower wages than full-timers is an often dis-
cussed issue by workers, employers and policy makers. In Germany, this topic
does not only concern people in marginal jobs, that is, employees who work below
the threshold for social security coverage, but also those working less than the
standard working hours which are fixed by collective agreements. The question
about the existence and the size of the wage differentials among jobs with differ-
ent working hours is exciting itself, but it becomes even more urgent since it has
far-reaching implications for the labor supply decision of individuals. Negative
wage premiums for part-time jobs, for example, would decrease the labor supply
for those jobs. In this setting, people would tend to work either full-time or leave
the labor market.

In Germany, the part-time rate for women was about 33.9 percent in 1995,
though there still exist substantial differences between East and West Germany.
In East Germany, only 20.8 percent of the employed women worked part-time,
in West Germany the part-time rate was 37.3 percent. Compared to women,
the part-time rate of men is much lower and varies between 2.9 percent in East
Germany and 3.2 percent in West Germany. Given that part-time work is not
very widespread in Germany, it may be argued that possibly negative wage dif-
ferentials induce people to work either full-time or not to work. The object of
this paper is to check whether the Germans earn lower wages for less hours. We
confine ourselves to West-German women, because the other groups of part-time
workers are too small to draw convincing results.

In the literature, we can find several explanations for a dependence of wages on
hours. One point is that the labor costs of the firm do not increase proportionally
with hours worked, because part-time jobs cause relatively higher fixed costs to
the firm (e.g. recruiting and training costs, arranging a work-place and coordi-
nation costs). Therefore, Oi (1962) draws the conclusion that lower wage rates

are paid at low hours of work than at high hours of work. On the other hand, the



amount of working hours may also influence productivity. Barzel (1973) argued
that marginal productivity declines at sufficiently high working hours, resulting
in a lower marginal wage rate for overtime hours. His model further suggests
that the productivity of the last hour of a "normal” working day exceeds the av-
erage daily productivity, which leads to lower wage rates for part-time workers.
Contrary to this result, Tummers and Woittiez (1991) argue that also reduced
working hours may raise hourly productivity because they avoid the negative
fatigue effect of a long working day or they may reduce unproductive time, or
”slack”. In this case, gross part-time wages - given they are based on labor
productivity - should be higher. In Germany, the lump sum taxation of jobs
without social security coverage, the so called marginal jobs, provides another
reason for a wage reduction for these jobs. Empirical results lead one to suppose
that employers shift the entire tax burden (15 percent of the gross wage rate
in 1995) on to employees. As a result of this, the hourly wage rates of these
jobs are about 15 percent below those for comparable full-time jobs. Another
explanation for wages dependent on hours is based on the idea of compensating
wage differentials or a potential lack of part-time jobs. In short, there are rea-
sons for supposing that there exist substantial wage differences between full-time
and part-time jobs in Germany, and especially between jobs with and without
social security coverage. According to the importance of the different effects, the
resulting wage differentials could be either positive or negative.

However, most empirical labor market studies, especially for Germany, ignore
that wages might be affected by the weekly working hours. Recent exceptions
include Schwarze (1998) and Wolf (1998) for Germany, Tummers and Woittiez
(1991) for the Netherlands, Blank (1990) and Averett/Hotchkiss (1997) for the
US, Main (1988) and Ermisch/Wright (1993) for Great Britain and Ilmakun-
nas/Pudney (1990) for Finland. Most analyses suggest that jobs with less hours
are paid by a lower hourly wage rate. Even so, there exist contradicting evidence.
The results differ strongly between countries, sex and the various econometric

methods. In addition, it turned out that in order to fully measure the effect of
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working hours on wages, the labor supply decision must be taken into account.
For Germany, a study which considers that the working hours are not exogenous,
but result from the utility maximization process of the individuals does not exist
yet. The aim of this paper is to close this gap in the German empirical literature.

The paper is organized as follows. In the next section, we show how the
impact of hours on wages can be captured empirically and in section 3, the data
underlying the empirical part of the paper are described. Section 4 presents the
econometric model. The estimation results are discussed in section 5. The last

section summarizes the findings and concludes.

2. How to capture the impact of hours on wages
empirically

A simple way to capture the effect of hours on wages would be to include the
weekly working hours as exogenous variable in the standard wage equation.
Schwarze (1998), for example, used dummy variables to capture the effect of
marginal jobs and part-time work on the hourly wage rate. The coefficients
turned out to be significantly negative, that is, people with reduced working
hours earn lower wages, even if he controls for differences in human capital and
other wage determining variables. However, these results could be extremely
biased. Analyzing the impact of working hours on wages, we have to deal with
two problems.

First, economic theory suggests that individuals share their time among leisure
and working hours h in such a way that their utility function U(h,Y") is maxi-
mized. Y describes the corresponding labor earnings plus the non-labor income.
Even if employees cannot always freely choose their working hours, the assump-
tion of exogenous hours is too restrictive. The labor supply decision depends,
among others, on the opportunity costs of labor, that is, the hourly wage rate.
Thus, working hours themselves depend on the potential market wage rate. In

this setting, the two variables of interest are mutually dependent. Ignoring this



relation may produce misleading results.

Second, provided that wage differentials among jobs with different working
hours do exist, they also determine the decision to enter the labor market. These
two considerations suggest that the labor supply decision must be fully taken into
account. Thus, the traditional single-equation wage function is not an appropri-
ate approach.

As a result, some economists attempt to tackle the problems of the standard
approach. The new models differ in that the hours equation is specified either as
a discrete choice model or as a continuous model and whether selection on the
labor market is explicitly taken into account.

An easy methodology to account for the endogeneity of hours is to generate an
instrumental variable representing the expected working hours of each employee.
This instrument can be created using a set of variables that are correlated with
the working hours but not with the hourly wage rate. In the context of working
hours and wage rates it is extremely difficult to find appropriate instruments
because hours and wages are mutually dependent. However, if the instrument
is only weakly correlated with the hours, the IV-approach can produce biased
estimates of the coefficients in the wage equation (Staiger/Stock, 1997). Bid-
dle and Zarkin (1989) applied the IV-approach to estimate a wage-hours model
for American men. Their empirical results strongly reject the neoclassical as-
sumption that wages are independent of hours worked. Instead, their estimates
imply that the wage-hours relation is dome shaped with a peak at about 2500
annual hours. In addition they find that OLS estimates are biased. However,
applying the TSLS method, the compositional differences between part-time and
full-time workers are ignored. Another drawback of this procedure is that the
results are only based on observed wages. Because both observed wage rates and
working hours are conditional upon a person’s decision to work, the problem of
selectivity bias should be taken into account. Hence a participation equation
must be specified and the standard errors in the wage equation have to be cor-

rected in a complicated way. Averett and Hotchkiss (1997) criticize further that
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the IV-approach fails to account for a discontinuous budget curve if necessary.
Therefore, they suggest to estimate a sequentially ordered response selectivity
model. By this means they switch to the discrete choice method for the hours
estimation and obtain selectivity-corrected full-time and part-time wages for all
observations.

An alternative approach is a joint wage-hours model. Moffit (1984) combines
a discrete labor supply model with a wage-hours locus offered by the employer.
These two functions are estimated simultaneously. The results confirm Barzel’s
hypothesis of an S-shaped budget constraint. Hourly wages of older women in
the US rise with hours at a slowing rate and peak at about 34 hours per week.
The drawback of this model is that the working hours and the participation
decision are determined by the same set of variables. In view of the fixed costs of
work and involuntary unemployment one would expect that the worker’s choice
of hours is separately determined from the (partly involuntary) decision to work
or not to work. Tummers and Woittiez (1991) tackle this problem by estimating
a simultaneous wage and labor supply model with hours restrictions. They show
that in the Netherlands the before-tax hourly wage rate is highest for women
working 28 hours a week and slopes downwards for additional hours.

A two stage discrete choice approach was estimated by Simpson (1986) and
Main (1988). They adopt a model for wage comparison with selection bias which
is extensively used for union and non-union wage differentials (Lee, 1978). Sepa-
rate wage equations are estimated for full-time and part-time workers - including
an inverse Mills ratio capturing the potential selection bias. The results indicate
that the wage differential between part-time and full-time workers in Canada
decreases from 13 to 10 percent after adjusting for the selectivity. Main (1988)
concludes that full-time jobs of British women are paid 15 percent more than
part-time jobs - half of the total differential is due to the differential way in which
part-time jobs paid less for the same characteristics than full-time jobs. A com-
parable study for British women establishs smaller differentials between full-time

and part-time workers (Ermisch/Wright, 1991). Even so, the analysis indicates
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that the differences in women’s expected wage offers are a crucial determinant
of wether they work part-time or full-time. Blank (1990) extends this discrete
choice approach to a simultaneous model which contains three endogenous vari-
ables, that is, participation, part-time work and the wage rate. Apart from the
switching function for the different labor supply regimes, the decision to enter
the labor market is specified in a separate equation. This enables her to measure
the effect of part-time work on wages in such a way that the selection into part-
time work is fully taken into account. In contrast to other studies, their results
indicate that once the choices to enter the labor market and to work part-time
are accounted for, part-time female workers in the US appear to earn higher
wages across all occupations than equivalent full-time workers. The fact that
accommodating the selection into part-time jobs reverses the outcome implies
that those women who work part-time would also receive lower wages if they
held a full-time job. Furthermore, this endogenous switching regression model of
Blank (1990) provides different coefficients of the wage equation for part-timers
and full-timers.

As we are not only interested in the effect of part-time work on wages, but
rather in the overall relation between working hours and wages, we generalize
the model of Blank (1990) with respect to the hours equation. We assume that
people choose among all possible number of working hours, not only among
part-time and full-time work.! This allows for computation of any differentials
related to hours worked. We estimate the effect of hours on the wage rate using a
simultaneous model of wages, working hours and the selection to enter the labor
market. In order to estimate the effect of working hours on wages, we include
hours in the wage equation. Further, we use interaction terms between working
hours and other exogenous variables to allow for different effects of working hours

for different education levels, experience groups, firm sizes or industries. This

L' Thus, we assume that the limited choice of working hours does not affect the hourly

wage rate. This does not mean that hours restrictions do not matter with respect to labor
supply.



approach enables us to estimate different wage determination processes for all
labor supply regimes, to account for the decision to enter the labor market and

to allow for endogenous hours.

3. The data and some descriptive figures about
working hours and wages in Germany

The empirical part of the paper is based on the German Socio-economic Panel
(GSOEP) for the year 1995. The GSOEP is a yearly household panel which is
conducted since 1984 in West Germany, since 1990 also in East Germany. The
first wave contains almost 6000 households who lived in West Germany in 1984.
The Germans, about 4500 of the interviewed households, were sampled randomly.
The other sub-sample is a stratified sample of immigrants and guest-workers
from Italy, Spain, Turkey, Yugoslavia and Greece who lived in Germany in the
period during which information was collected. Households of other nationalities
are represented in the first sample. In this study, we left out the sample of
immigrants and guest-workers, because of the non-random selection. The Non-
FEuropean households are also excluded, because their labor supply behavior and
the wage determination may be substantially different from those of Germans.
As we are interested in the wage structure of the German labor market, we
dropped all self-employed women and those working in the farming sector. Our
selected sample contains only women aged between 20 and 60 years who are
not in apprenticeship. There remain about 2420 observations of West German
women, which provide all necessary informations.

Figure 1 provides a histogram of actual weekly working hours and the mean
hourly wage rates in the sample. We generated nine categories of working hours
from 1 to 60 hours a week? and another group for all people out of work. Women

who do not participate at the labor market present about almost 48 percent of

2 Several women claimed that they work more that 60 hours a week. In view of the legal

limit of 60 working hours a week, we censored the weekly hours at the legal threshold.
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the sample. The distribution of the weekly working hours has a peak at 36-40
hours, which mainly represents standard full-time jobs. Women with reduced
hours are spread over the range of 5 to 35 hours, but most of them work between
16 and 20 hours a week. In view of the fact that agreed working hours never
exceed 40 hours a week by law, about 4.4 percent of all women in the sample

work overtime.
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Figure 1: Distribution of weekly working hours and hourly wage rates

The hourly wage rate varies between 13 DM for women working 50 or more
hours and almost 23 DM for the employees with 26 to 30 hours a week. Figure
1 further shows that jobs with less hours are paid by lower wages than full-time
jobs or extended part-time jobs (30-35 hours). These results suppose that there
exist substantial wage differentials among full-timers and employees with very
little hours. But also women who work more than 10 overtime hours a week
suffer high wage reductions. Let us assume that in principle the overtime hours
are compensated with an additional wage premium or if not, occur mainly in

managerial jobs, which are already paid at very high wage rates. Thus, one would



expect that the hourly wage rate of overtime hours exceeds the earnings from the
standard working hours. Our findings lead one to suggest that either the overtime
premiums are avoided or that the wage for jobs with ”unpaid” overtime work
are not as high as expected. This picture may give rise to the supposition that
part-time jobs are more often chosen by less qualified and experienced women, so
that the wage differentials are caused by selectivity. Therefore, Figure 2 presents
the share of the each qualification level in four different labor supply regimes.
In contrast with the nine categories in Figure 1, we now create larger groups

because of the small number of observations in some cells.
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Figure 2: Share of education level by weekly working hours

Apart from the women working overtime hours, the skilled women are the most
important group. They represent almost 50 percent of all employees in the first
three labor supply categories. In contrast, the shares of the other qualification
levels vary more with the number of weekly working hours. 27 percent of the
employees with marginal jobs are unskilled, but only 13 percent of those working
overtime hours. Thus, the share of unskilled declines with increasing working

hours. The opposite is true for the graduated women. The share of graduated
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women rises from 6.6 percent (< 15 hours) to 10 percent for the standard full-
time jobs. As a result, the simple selectivity hypothesis can not fully explain
the wage structure. The differences with respect to the qualification level appear
to be one possible explanation for the observed wage differentials between small
part-time jobs and full-time jobs. However, the wage reductions of over-time
jobs must be caused by other factors, such as the endogeneity of the working
hours, experience, firm size and industry sector. Hence we will now turn to the
econometric model which enables us to detect the wage-hours profiles for different

groups of individuals.

4. The econometric model

4.1 Participation

The decision to enter the labor market is modeled by a binary choice approach.

The equation of the continuous latent variable is given by:

P = f(Z,7) +v. (4.1)

Given involuntary unemployment, the actual labor market participation can-
not be interpreted strictly as an individual decision. Thus, the matrix of exoge-
nous variables Z contains both factors which determine the labor supply, such as
qualification and the number of small children, and the labor demand, such as the
regional unemployment rate. P* is unobservable but relates to the observable
dichotomous variable P (participation status) as:

0if P*<0
P=
{1if P*>0}

4.2 Working Hours

The second equation describes the hours decision. We use a linear specification
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with actual weekly working hours as dependent variable.?

h=f(Y,0)+u (4.2)

where Y is a vector of explanatory variables and ( the parameters to be esti-
mated. We specify the reduced form equation of hours worked in a very flexible
way, so that it is consistent with almost any structural labor supply model, or is
at least a good approximation. The vector Y also includes variables describing
the household context, such as the number of small children, the marital status
and the other household income. These covariates capture both the opportunity
costs of working and the effect of taxation on labor supply. Thus, the coefficients

of this equation should not be interpreted in a structural way.
4.3 Wage rates

We estimate a single wage equation for all employees, irrespective of wether they

work full-time, part-time or any other number of hours:
mw=ca; - X +ay-h+as-h>+a,- X -h+as- X -h’>+e (4.3)

The dependent variable is the log gross hourly wage rate of the employed
women. In order to estimate the effect of working hours on wages, we also include
hours in the wage equation. Most of the previous studies suggest that hours affect
the wage quadratically (Moffit, 1984; Tummers/Woittiez, 1991). Consequently,
we also use the quadratic specification of the working hours, which arises from
the fixed costs of work on the one hand and the declining marginal productivity
at high hours on the other hand (Barzel, 1973). Further, we use interaction terms
between the hours and the exogenous variables [(X - h) and (X - h?)] to allow
for different effects of working hours for different education levels, experience

groups or firm sizes. If the coefficients as, a3 ay and a5 turn out to be zero, our

3 Alternatively, the hours decision could be interpreted as a limited choice between a finite

number of categories, such as part-time and full-time (see e.g. Blank, 1990). A drawback
of this procedure is that assumptions on the frontiers between the different labor supply
regimes are required.
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wage function is consistent with the standard Mincer earnings function, that is,

working hours do not affect the hourly wage rate.
4.4 Properties of the error terms

The error terms of the three equations (e, u,v) are assumed to be trivariate
normally distributed with mean zero and covariance . The variance of v
(Var(v) = 333) is normalized to one. The three covariances between the er-

ror terms are identified by the simultaneous maximum likelihood estimation.
4.5 Measurement error in the hours

One reason for the high wage reductions of overtime hours (see figure 1) could
be that the reported working hours do not refer to the earnings in the previous
month. Let’s assume that a woman usually works 5 paid overtime hours a week.
If the employer pays for the overtime hours every month, thus the declared
earnings include the payments for the five additional hours, the hourly wage
rate is measured exactly. However, this is only one possible agreement about
the timing of the overtime reward. There may be also firms which remunerate
the overtime hours after they exceed a certain threshold as a result of which
the usual working hours do not correspond to the reported earnings. The same
problem arises if the additional hours occur very irregularly, that is, during one
month 10 weekly overtime hours are worked and zero hours in the other. Since
we do not have any information about whether the reported earnings actually
include overtime premiums, the match between the observed hours and wages is
not absolutely reliable.

In order to check whether these measurement problems reinforce the strong
decline in hourly wage rates for long working hours, we slightly modify the econo-
metric model described above. In contrast to the hours equation 4.2 we now

take the weekly working hours in logs.* Consequently, let’s assume that the true

4 Since the distribution of weekly working hours is two-humped, the normality assumption

is violated in either case.

12



hours® h* relate to the observed hours h as:

log(h) = log(h") + & ; (4.4)

where £ is the measurement error. Since in our model the hourly wage rate is

a function of the working hours, the definition of the wage rate converts into:

log(w) = log(y) — log(h) = log(y) — log(h") — £ = log(w*) — & . (4.5)

Applying these changes to the wage and hours equation discussed above results

in the following model:"

log(w) = a1 X + aafllog(h)] + e — as§ — € = an X + asfllog(h)] + ¢ (4.6)

log(h) = f(Y.8) +u+& = f(Y,5) +v. (4.7)

We can see that the measurement error £ adds linearly with opposite signs
to the two equations and enters the new error terms ¢ and v. As a result,
the measurement error £ causes a negative correlation between the wage and
the hours equation.” Assuming that the measurement error matters, one would
expect that the correlation between the two equations is negative, or at least

smaller compared to the correlation pe,.

5 That is, the working hours which actually refer to the observed earnings of the previous

month.

6 As the participation equation is not affected by these modifications, we refrain from the
repeated presentation of the complete model. For simplicity, we summarize all coefficients
capturing the impact of working hours on wages (a2 to a; in equation 4.3) to one coefficient
Q9.
T This also holds for the previous model (see equations 4.2 und 4.3). However, the error
term e of the wage equation is not a linear function of the measurement error £, thus the

correlation of the measurement errors in the wage and hours equation should be smaller.
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5. Estimation results

Before discussing the estimation results, we will briefly address the identifica-
tion problem. We estimate reduced-form equations of the participation and the
hours equation. The wage function is the only structural equation. Therefore,
the question is whether the wage equation can be distinguished from a linear
combination of all other functions in the simultaneous model. In principle the
model is identified by the functional form. In addition to that, we insert several
exclusion restrictions. First, we exclude all family characteristics, such as the
number of children, from the wage equation. Thus, it is assumed that children
affect the wage rate only through the employment break, which is captured by
the experience variable. The information about the children living in the house-
hold enters the hours and the participation equation in two different ways. For
the selection function, we use one variable indicating the age of the youngest
child and another for the number of children in the household. This specifica-
tion serves as a measure of the time need for the children, whereas the number
of children by age groups, which enters the hours equation, captures the fiscal
effect of the children in the household. Second, the marital status, participation
status of the partner® and the other household income is excluded from the wage
equation. Furthermore, a variable describing the fixed costs of working enters the
participation equation. The presence of entrance costs is measured by a dummy
variable, indicating whether at least one member of the household is in need of
care Y or whether the observed individual is a lone mother with a child younger
than 4 years. In order to capture the labor demand restrictions, we include the
regional unemployment rate in the participation equation.

In a first step, we estimate the simultaneous model based on the equations

8 Bernasco (1994) points out that the employment status of the husband affects the partic-

ipation of Dutch wives. However, the female occupational prestige, which is among others
a function of income, does not depend on the participation of the men.

9 Persons who care for their old parents or other relatives face high entrance costs to the
labor market, because they would have to pay for a geriatric nurse or an old people’s home,
which can be extremely expensive according to the state of health.
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4.1 to 4.3. We present four models with different restrictions concerning the
correlation between the error terms of the three equations and the structure of
the wage equation. Model 1 is the most restrictive framework. It is assumed that
working hours do not affect the wage rate and that participation, hours worked
and wages are mutually independent. Model 2 drops the later restriction. Model
3 includes hours and hours squared in the wage equation, imposing that the
impact of working hours on the wage rate is just a shift effect, which is the
same for all individuals. It also allows for correlation among the error terms
e,u and v. Finally, we check whether the wage structure, such as the returns
to education, is determined by the hours worked. For this reason, we include
several interactions between the working hours and other variables in the wage
equation (Model 4). Interactions which turn out to be insignificant are dropped
out for simplicity of presentation. In a second step, we replicate Model 3 and 4
based on the measurement error model from section 4.5.

Presenting the estimation results, we give most attention to the wage equation,
because the auxiliary equations of hours and employment status are reduced-form
estimates. The estimation results of equation 4.1 and 4.2 are given in Table A2
in the Appendix.

The wage function is modeled on the basis of an extended human capital
approach. The education level is measured by three dummy variables. The actual
labor market experience is described by two continuous variables, the number
of years in full-time employment and the years in part-time work. However,
the returns to part-time experience turned out to be insignificant in all wage
regressions and therefore we excluded them from the set of explanatory variables.
In addition to these human capital variables, we include dummy variables to
control for the firm size and the industry sector of the employed women. The
estimation results of the wage equation of the four models described above are

presented in Table 1.
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Table 1: Estimation results of the wage functions (continued)

Model 1 Model 2 Model 3 Model 4
coeff.  tvale coeff. tvame coeff. tvale coeff.  tvalue
constant 2.745 7044 2812 6466 2.395 2178  2.575 1857
hours 0.038 891 0.028 351
hours? -0.069 1112 -0.062 463
unskilled -0.140 50 -0.119 452 -0.110 431 -0.117  -467
master craftsman | 0.047 195 0.053 219 0.055 239  0.065 048
graduated 0.336 1023 0.328 992 0.364 1133 0.359 1142
ft. experience 0.026 767 0.021 579 0.020 524 -0.050 -2.98
ft. experience? -0.046 461 -0.036  -339 -0.031 293 0.193 350
20-200 empl. 0.022 o084 0.022 o085 0.041 161 0.036 1.44
201-2000 empl. 0.169 67 0.163 649 0.152 632 0.144 610
>2000 empl. 0.211 83t 0.207 820 0.196 810 0.198 833
energy, mining -0.031 048 -0.037 -058 -0.018 -030 -0.011 -018
metal industry -0.027 051 -0.025 048 -0.037 -0 -0.042  -0s6
other industry -0.136 280 -0.136 283 -0.147 320 -0.147 324
trade, service -0.217 605 -0.210 586 -0.187 546 -0.115  -1.03
transport -0.038  -069 -0.034 061 -0.047 090 -0.045 -0.86
banking 0.059 126 0.060 120 0.059 135 0.061 1.41
education, health | 0.040 115 0.044 127 0.048 143 0.052 158
public service -0.018 044 -0.016 038 -0.025 -063 -0.024 -0.63
other sectors -0.074  -0s83 -0.061 -068 -0.052 -061 -0.040 -047
interactions:
master *x hours 0.005 o054
master * hours’ -0.016  -0.99
exp.* hours 0.004 318
exp.? * hours -0.012  -354
exp. * hours’ -0.004  -2.04
exp.? * hours? 0.013 258
trade/service * h. -0.011  -1.48
trade/service * h? 0.026 202
pfuage’hom,s - - 0.065 176 0.168 190 0.078 o085
Page part - - -0.267 363 -0.276 25 -0.211  1s7
- - -0.570 -1052 -0.5936 991 -0.527  -953

p hours.part
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continued from Table 1:

Model 1 Model 2 Model 3 Model 4

Log Likelihood -2.530 -2.516 -2.491 -2.482
Likelihood ratio Test X3 =683 x3=119.1 xi=44.1
Wald-Test statistics:

hours, hours? (x3 = 5.99) 124.60 30.56
master * hours (y3 = 5.99) 5.34
experience * h. (x = 9.49) 27.95
trade/service * h. (x5 = 5.99) 8.61

Remark 1 The reference group are skilled women who work in the chemical or electrical goods industry or
in the engineering sector and are employed by a firm with less that 20 employees. The variables hours® and
full — time experience? are divided by 100. The likelihood ratio test compares the actual with the preceding
model.

The wage function of Model 1 corresponds to the standard OLS wage regres-
sion with the log hourly wage rate as dependent variable. Wages increase with
the education level and the firm size. Also the experience variables generate the
expected dome shaped curve, that is, wages rise with labor market experience up
to 28 years in full-time employment. Additional experience reduces the hourly
wage rate of West German women. Comparing the first two models illustrates
that allowing for correlation between the error terms of the three equations im-
proves the fit of the model significantly. However, the coefficients change only
slightly. Albeit the correlation between wages and hours is positive, it is very
small and insignificant. In other words, unobserved characteristics which rise
the gross wage rate also tend to increase the working hours, but the effect is not
very important. However, the negative correlation with the error terms of the
participation equation is surprising. Presuming that the unobserved variables
which raise the probability to work are personal characteristics, such as ambi-
tion, motivation or the thirst for action, one would expect that the residuals of
the participation equation and the wage and hours equations, respectively, are
correlated positively. In our case the opposite is true. Women who have a high
unexplained probability to work earn ceteris paribus lower wages and work less

hours. One explanation could be that women in precarious economic situations,
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for which we cannot precisely control (for?), accept jobs with lower wages and
less hours than those who found themselves not in a predicament. Especially
women who receive social welfare may avoid to earn too much additional income
in order to stay entitled to their benefits. Another consideration is that married
women with small children, whose husbands earn high incomes also have a low
predicted probability of working. If these women intend to take up working after
the child break, is seems rational that they temporally accept a job with less
hours and a lower wage rate in order to keep in touch with the labor market.
Thus, the negative correlation with the participation equation may be due to the
life cycle maximization of the individuals.

In the next step we relax the assumption that the amount of working hours
does not affect the hourly wage rate (Model 3). Hence we include hours and
hours squared in the wage equation, which are highly significant and improve
the fit of the model. According to previous studies our estimates lead to a S-
shaped budget curve. The hourly wage rate increases up to the peak of 27 hours
a week and starts to decrease afterwards. Thus, our results are consistent with
the findings in other countries, even if the maximum hourly wage rate is paid
to women with less hours (Moffit, 1984; Ermisch/Wright, 1991). Although we
control for various variables, we can still find a significant decline of wages for
women working overtime hours, that is in general more than 40 hours a week.
Later on we will address the question, to which extend this result may be due
to measurement problems of the hourly wage rate. If we take a look at the
estimated covariance matrix, we realize that taking the labor supply decision
into account becomes more important. The positive correlation between wages
and hours increases and is almost significant. To put it differently, there are some
unobserved characteristics which influence the wage rate and the hours decision
in the same way. This implies that ignoring the endogeneity of the working
hours leads to lower estimated wage rates for jobs with reduced working hours
(see Figure 6 in the Appendix). Also the negative correlation between the wage

function and the participation status is still significant.
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Figure 3: Wage-hours profiles for selected groups

Remark 2 If not defined otherwise, the characteristics of the reference group are valid.

Up to this point it has been assumed that the impact of the amount of working
hours on the wage rate is the same for all individuals. Even if the way how the
working hours influence the hourly wage rate should be independent of qualifica-
tion level, experience, firm-size or industry, the intensity of the effect could vary
among different groups of employees. We ran a variety of regressions in order
to identify different hours effects for different workers. Finally we ended up in
model 4 (see last column of Table 1). Two primary observations should be made
about these results. First, the assumption that the impact of working hours on
wages is the same for all individuals must be strongly rejected.'’ Second, the
correlation among the equations of the simultaneous model decrease and two of
three correlation coefficients become insignificant, implying that the joint esti-

mation has little effect on the wage equation. Please note that this result only

10" The likelihood-ratio test between model 3 and model 4 generates a test statistic of 44.1.
The critical value of (x2) is 15.5.
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holds for this last specification of the wage function.

Figure 3 presents the wage-hours curves for some selected groups of individu-
als. We detect different wage-hours profiles for master craftsmen and for women
working in the service or trade sector. Wages of women with master craftsman
diploma or comparable qualifications rise faster than those of the other quali-
fication groups. At the peak at 30 hours a week, the before-tax hourly wage
rate of masters with 15 years full-time experience is about 1.80 DM higher than
for skilled women with the same experience. However, for additional hours the
wage decreases very quickly and it comes closer to the wage-hours path of skilled
women for higher numbers of working hours. In contrast to this steep curve of
the craftsmen, wages in the service sector grow very moderately with additional
working hours.

Also the previous labor market experience determines the shape of the wage-
hours curve. For example, skilled women with 5 or 15 years of full-time experience
earn approximately the same hourly wage rate if they have a marginal job, that
is, they work less than 15 hours a week. Once they increase their labor supply,
the wages of women with more experience rise much faster. The highest hourly
wage rate for skilled women with 15 years of experience is paid to those working
32 hours a week. Less experienced women reach their maximum at 28 hours.
At this point, the gross wage differential between these two experience groups,
keeping all other characteristics constant, is 3.14 DM per hour, that is 378 DM
per month. Women with 30 years of full-time experience start from a higher wage
rate than less experienced women. Yet, the gradient of their wage-hours locus is
moderate compared to women with 15 years of experience. Even so, additional
experience raises the hourly wage rate at any point on the labor supply curve.

Despite the different shapes of the wage-hours curves, they all have in com-
mon that the hourly wage rate for over-time hours falls substantially. To check
whether the shape of the wage-hours curve is biased due to the measurement
error in hours, we reestimate model 3 and 4 based on the modified equations 4.6

and 4.7. The estimation results are presented in Table 2.
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Table 2: Estimation results of the model with log(hours)

Model 3a Model 4a

coeff t-value coeff t-value
constant -0.341 -0.66 -0.988 -1.14
log(hours) 2.042 7.24 2.584 4.80
log(hours)? -3.234 778 -4.285  -5.09
unskilled -0.109  -4.17 -0.124  -4.83
master craftsman 0.051 2.14  0.043 1.88
graduated 0.342 10.55 0.338  10.69

full-time experience 0.022 5.61 -0.234  -1.80
full-time experience? -0.036  -3.30 0.921 2.04

20-200 empl. 0.026 1.02  0.017 0.65
201-2000 empl. 0.159 6.49 0.151 6.26
>2000 empl. 0.202 8.22 0.202 8.35
energy, mining -0.024  -0.39 -0.018  -0.30
metal industry -0.027  -0.52 -0.029  -0.59
other industry -0.145 -3.10 -0.144  -3.12
trade, service -0.194  -5.56 3.166 3.93
transport -0.050  -0.92 -0.054 -1.02
banking 0.063 1.40  0.066 1.50
education, health 0.048 1.41 0.051 1.52
public service -0.026  -0.65 -0.029 -0.74
other sectors -0.054  -0.62 -0.039 -0.45
interactions

exp.x log(hours) 0.118 1.41
exp.? * log(hours) -0.468  -1.66
exp. * log(hours)? -0.123  -0.93
exp.? * log(hours)? 0.539 1.24
trade/service * log(h) -2.270  -4.33
trade/service * log(h)? 3.712 4.42

0.119 1.07 -0.013  -0.12
-0.262  -2.01 -0.129 -1.01
Phours.part. -0.688 -10.96 -0.668  -9.87
mean log likelihood -0.802 -0.792

2
pwage,hours
2
pwage,part.
2

Remark 3 See Table 1.
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Apart from the coefficients of the constant and the hours-variables, the modi-
fied model does not differ from the previous results. The interactions master x

log(hours) and master x log(hours)?

are excluded from Model 4a, because they
were insignificant. As expected, the correlation between the hours and the wage
equation 02, decreases. Furthermore, the correlation coefficient is no more signif-
icant in either model. This suggests that the actual working hours do not always
fit to the reported earnings of the previous month, that is, the measurement error
in the hours variable is substantial. To illustrate the effect on the wage-hours
locus, Figure 4 presents the resulting profiles. We can see that at the begin-
ning the hourly wages rise faster with increasing working hours. Striking is that
the decline of the wage rate for full-time jobs and overtime work is moderate.
This leads one to suppose that for high number of working hours, the reported
pre-month earnings do not include the rewards for these overtime hours. There
are two possible explanations for this measurement error. First, overtime hours
come up very irregularly and are paid afterwards. Second, even if the employee
permanently works additional hours, they may be rewarded irregularly, for ex-
ample, after a certain limit is achieved. As a result, the observed hourly wage
rates for these jobs are in general lower than the true wages. For example, in
the measurement error model skilled women who completed 15 years of full-time
employment start with about 7 DM per hour for a 5-hours job. Compared to
the previous results, the estimated entry wage is very low. But the wage rate
already doubled for jobs with 10 hours a week. The highest hourly wage rates
(about 23 DM) are paid for part-time jobs with about 28 working hours. Thus,
the maximum of the wage-hours profile if shift to the left. Figure 4 shows that
accounting for measurement errors generates an increasing wage rate over the
whole range of working hours for women working in the service or trade sector.
Similar to the previous results, additional years in full-time employment shift the
wage-hours profile upwards.

Another way to look at the relation between experience and the hourly wage

rate is to compare the wage-experience profiles of different labor supply regimes.
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Figure 4: wage-hours curves of the model with log(hours)

People who just entered the labor market are not supposed to possess any experi-
ence. During the years in employment they accumulate general and firm specific
human capital which is rewarded by the firm. Figure 77 shows that the returns
to learning by doing, approximated by the years in full-time employment,'! de-
pend on the current amount of working hours. Women who work for example
30 hours a week get higher compensations for their experience than part-time
workers. The difference between full-time and part-time women is highest for
employees, who already have been working full-time for 17 years. In this case,
the different returns to labor market experience cause a wage differential among
a 20-hour part-time job and a standard full-time job of about 2.30 DM per hour.
Once 30 years in full-time employment are completed, working hours do not

matter any more for the compensation of experience.

1 Whether firm specific human capital creates additional wage growth is still an open ques-

tion. Mincer/Jovanovic (1981) and Topel (1991), as two prominent examples, concluded
that there are large returns to seniority. In contrast to theses results, recents studies for the
US (Altonji/Williams, 1997) and for Germany (Dustmann/Meghir, 1998) do not confirm
that tenure generates additional wage growth.
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Figure 5: Returns to full-time employment

6. Conclusion

Do part-time workers earn lower hourly wage rates than full-timers? Economic
theory provides many reasons why and how the gross hourly wage rate could be
determined by the working hours. However, the shape of the wage-hours profile
is not clearly determined by the theoretical arguments. The size of the wage
differentials among jobs with different working hours is not only interesting for
policy makers, employees and employers, but has also far-reaching implications
for the labor supply decision of individuals. Negative wage premiums for part-
time jobs, for example, would decrease the labor supply for those jobs. In this
setting, people would tend to work either full-time or leave the labor market.
Empirical studies for different countries do not provide clear evidence about
the wage structure. The different results may be partly due to the different
econometric methods. Previous studies for Germany suggest that women with

marginal or part-time jobs earn lower wages than full-time employed women even

if the qualification level and other explanatory variables are controlled for. The
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drawback of these studies is, however, that the individual labor supply decision
are assumed to be exogenous, which contradicts economic theory. Therefore, we
use a simultaneous model which allows for endogeneity of the weekly working
hours and further takes into account the participation decision. Furthermore, we
relax the usual assumption that the effect of working hours on wages is the same
for all individuals.

Three primary observations should be made about our results. First, for West
German women, the exogeneity assumption of working hours in the wage regres-
sion must be rejected if the wage-hours locus is assumed to be the same for all
individuals. As a result of this the wage rate of part-time employees is underes-
timated in the standard OLS estimates. However, if we allow for compositional
wage differences between part-timers and full-timers, the OLS estimates are not
biased. That is, in our preferred specification, unobserved characteristics which
may influence the wage rate and the amount of working hours at the same time,
can be ignored. These results show that in principle the labor supply decision
should be fully taken into account, because the unobserved characteristics may
be crucial in the specific case.

Second, our estimates show that the hourly wage rate is strongly affected by
the working hours. Depending on the specification, the wage rate increases with
rising working hours up to a threshold which varies between 21 and 34 hours a
week. For example, skilled women with 15 years of full-time experience earn the
highest hourly wage rates at about 34 hours a week. Furthermore, we detect
different wage-hours profiles for some specific groups. Women working in the
trade or service sector experience a flatter wage-hours curve than those in other
sectors. Wage rates of women with a master craftsman diploma or comparable
qualifications rise faster than those of other qualification groups. But, once they
work more than 30 hours a week the hourly wage declines strongly. Also the
previous labor market experience determines the shape of the wage-hours locus.
People who work for example 40 hours a week get higher compensations for a

specific experience in full-time employment than part-time workers. Once the
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women completed 30 years in full-time work, the current working hours do not
matter any more for the returns to their experience.

Finally, we realized that the hours variable in our data is measured imprecisely.
As a result of the measurement error in hours, the wage rates for over-time hours
are underestimated. Taking into account the additional error term generates a
moderate decline of wages for a long working week. Even so, the highest hourly
wage rates are payed for jobs with reduced working hours.

These results show, that the wage distribution does not seem to be the driving
factor for the marginal importance of part-time work for West Germany women.
On the contrary, the comparable high hourly wage rate for jobs with about 30
hours per week should be a reason for the labor supply in this category. Given
that very few women actually choose this labor supply regime leads one to suggest
that these jobs may be very rare. Possibly, creating a 30-hour job affords more
organizational effort than dividing a full-time job in two 20-hour jobs. Another
reason could be that a 30-hours job is less compatible with the available child
care facilities so that women are forced to accept either a standard part-time job
or to leave the labor market. Further research is necessary to decide whether
women are constraint with respect to extended part-time jobs or whether other

factors prevent them to choose these high paid jobs.

26



Reference

[1] Altonji, J. G. and N. Williams (1997), "Do Wages Rise With Job Seniority?
A Reassessment”, NBER Working Paper Series No. 6010, National Bureau of
Economic Research, Cambridge.

2] Averett, S. L. and J. L. Hotchkiss (1997), ”Female Labor Supply with a Discon-
tinous, Nonconvex Budget Constraint: Incorporation of a Part-Time/Full-Time
Differential”, The Review of Economics and Statistics, Vol. 79(3): 461-470.

[3] Barzel, Y. (1973), ”The Determination of Daily Hours and Wages”, Quarterly
Journal of Economics, Vol. 87: 220-238.

[4] Bernasco, W. (1994), Coupled Careers, The Effects of Spouse’s Resources on
Success at work, Thesis Publishers, Amsterdam.

[5] Biddle, j. E. and G. A. Zarkin (1989), ” Choice among Wage-Hours Packages: An
Empirical Investigation of Male Labor Supply”, Journal of Labor Economics,
Vol. 7(4): 415-437.

[6] Blank, R. M. (1990), ” Are Part-Time Jobs Bad Jobs”, in: Burtless, G. (eds.), A
Future of Lousy Jobs - The Changing Structure of U.S. Wages, The Brookings
Institutions, Washington, D.C.

[7] Dustmann, C. and C. Meghir (1998), ”Wages, Experience and Seniority”, Work-
ing Paper Series, Institut of Fiscal Studies, London.

[8] Ermisch, J. F. and R. E. Wright (1991), ”Wage Offers and Full-time and Part-
time Employment by British Women”, The Journal of Human Resources, Vol.
25(1): 111-133.

[9] Imakunnas, S. and S. Pudney (1990), ” A Model of Female Labour Supply in the
Presence of Hours Restrictions”, Journal of Public Economics, Vol.41: 183-210.

[10] Lee. L. F. (1978), ” Unionism and Wage Rates: A Simultaneous Equations Model
with Qualitative and Limited Dependent Variables”, International Economic Re-
view, Vol. 19: 415-433.

27



[11] Main, B. G. M. (1988), "Hourly Earnings of Female Part-Time versus Full-Time
Employees”, The Manchester School of Economic and Social Studies, Vol. 56(4):
331-344.

[12] Mincer, J. and Jovanovic, B. (1981), ”Labor Mobility and Wages”, in: Rosen, S.
(eds.), Studies in Labor Markets, National Bureau of Economic Research,

[13] Oi, W. (1962), "Labor as a Quasi-fixed Factor”, Journal of Political Economy,
Vol. 70: 538-555.

[14] Schwarze, J. (1998), ” Wer tréigt die pauschale Lohnsteuer bei geringfiigiger Beschéf-
tigung? Eine Analyse der Stundenlohne erwerbstéitiger Frauen”, in: Galler, H. P.
and G. Wagner (eds.), Empirische Forschung und wirtschaftspolitische Beratung,
Campus Verlag, Frankfurt.

[15] Simpson, W. (1986): ” Analysis of Part-Time Pay in Canada”, Canadian Journal
of Economics, Vol 19: 798-807.

[16] Staiger, D. and J. H. Stock (1997), ”Instrumental Variables Regressions With
Weak Instruments”, Econometrica, Vol. 65(3): 557-586.

[17] Topel, R. H. (1991), ”Specific Capital, Mobility, and Wages: Wages Rise with
Job Seniority”, Journal of Political Economy, Vol. 99(1): 145-176.

[18] Tummers, M. P. and I. Woittiez (1991), ” A Simultaneous Wage and Labor Supply
Model with Hours Restrictions”, The Journal of Human Resources, Vol. 26(3):
393-423.

[19] Wolf, E. (1998), "Do Hours Restrictions Matter? A Discrete Family Labor Sup-
ply Model with Endogenous Wages and Hours Restrictions”, ZEW-Discussion
Paper, No. 98-44, Zentrum fiir Européische Wirtschaftsforschung, Mannheim.

28



Appendix

A.1 Likelihood Contributions

In our framework, the multivariate econometric problem involves both continuous
(wages and hours) and discrete variables (participation). Therefore, the likeli-
hood function is made up by term that are probability densities with respect to
the limited dependent variable and integrated probability functions with respect
to the continuous variables. This composition is based on Bayes’ theorem. Under
normality assumptions, a joint density function can be decomposed in a partial

density function and a conditional density function.

p(YLY? 1 12, 8) = (Y% 12, 52) - (Y ", B7); (1)
p.d.f. c.d.f

where Y! and Y? are the discrete and continuous variables of interest and !
and p? are their expected values. The correlation matrix ¥ is composed of
Y = cov(Y1), 22 = cov(Y?) and 12 = cov(Y1,Y?). Then, the distribution
of Y1 conditional on Y? can be written as Y! | Y2 ~ N(u*, 3*), where pu* =
pl 4 S12(522)-1(Y? — 2) and ¥F = B — R12(522)- 1521,

The likelihood function of our model can be divided into the likelihood contri-

bution of the non-participants and the part of the active workers.

L=P(P" <0)+ f(w,Inh)-P(P*>0|w,Inh) (2)

The first part describes the probability of not working in the labor market and the
second term describes the joint distribution of the observed wage rates and the
corresponding working hours of the employed people. The likelihood contribution
of these individuals is presented as a partially integrated normal density. In terms
of the above specified model (see equation 4.1 to 4.3) the likelihood function can

be rewritten as
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Plv<—v-Z)+ f(w,Inh)-P(v >—vy-Z | w,Inh)
¥ 2)+ ol uin %) -0 ().
where p* and X* are defined above.
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A.2 Sample description

Table A1l: Descriptive statistics of the sample

mean stand. dev.

minimum maximum

log(wages) 2.99 0.4 1.5 4.0

working hours 31.53 10.9 6.0 60.0

years in full-time employment 8.60 8.0 0.0 43.0

other household income 3.28 2.2 0.0 19.4

regional unemployment rate 9.26 1.8 7.0 14.0

taste for work -1.62 9.9 -46.7 20.0
freq percent

participation 1268 52.4

unskilled 588 24.3

skilled 1085 44.8

master craftsman 546 22.6

graduated 202 8.3

< 20 employees 461 36.4

20 - 200 employees 225 17.7

201 - 2000 employees 270 21.3

> 2000 employees 312 24.6

chemical /electrical ind., engeneering | 119 9.4

energy mining 34 2.7

metal industry Y 4.5

other industry 72 5.7

trade, service 291 23.0

transport 50 3.9

banking 84 6.6

education, health 409 32.3

public service 137 10.8

other sectors 15 1.2

kids in the household (Y/N) 1085 44.8

lone mother, relative in need of care 88 3.6

married 1641 67.8

participation of the spouse 1292 53.4

# observations 2421 100
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A.3 Estimation results

Table A2: Hours equation and participation probability (Model 4)

hours participation

coeff  t-value coeff  t-value

constant 41.829  42.28 || constant 1.683 3.19
# kids < 3 year -4.538  -1.92 | kids -1.548 -10.96
# kids 4-6 year -6.600  -3.67 | AGEKID 0.121  11.62
# kids 7-16 years -5.016 -2.95 | KIDS16 -0.169  -1.10
unskilled 0.348 0.47 | unskilled -0.217  -2.78
master craftsman 1.517 2.28 || master craftsman -0.005  -0.07
graduated 1.791 1.78 | graduated 0.446 3.31
experience -0.404  -3.50 || age -0.036  -1.24
experience? /100 0.855  2.89 | age?/100 -0.062  -1.77
married -3.620  -5.50 | experience 0.221  13.48
OINC -0.170  -0.61 || experience?/100 -0.353  -9.13
OINC?2/1000 -0.174  -0.73 | married -0.127  -1.51
OINC * KIDS16 -0.390  -2.37 | OINC -0.185  -5.41
taste for work 0.094  3.28 | OINC?/1000 0.118  3.73
KIDS16 * experience | 0.042 0.68 | PART SP 0.262 3.70
KIDS16 * SCHOOL | 0.162 1.27 || taste for work 0.009 2.78
KIDS16 * experience |-0.017  -2.85

KIDS16 * SCHOOL | 0.024 2.10

regional unempl. rate | -0.028  -1.74

CARE -0.115  -1.27

Remark 4 Note: OINC: other net household income; KIDS16: number of childen up to the age 16; SCHOOL;
years of education; AGEKID: age of the the youngest kid in the household; PART SP: particiaption of the
spouse; CARE: lone mothers with children up to 8 years or existence of people in need of care in the household;
the variable “taste for work” is created by a factor analysis from the question ”How important are the follow-
ing thinks for your life”. Among the topics which are evaluated by the indiciduals are (1) to fulfil oneself, (2)
success on the job, (3) to have children, (4) to be happily married or (5) to be able to afford something. These
items are used to create a factor named taste for work.
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Figure 6: Wage-hours profile with exogenous and endogenous hous (Model 3)
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