
NEGATIVE EMPLOYMENT EFFECTS OF

MINIMUM WAGES IN MARKETS WITH

FIXED EMPLOYMENT COSTS

ORGUL DEMET OZTURK∗†

11/10/2006

ABSTRACT: This paper structurally models the employment effects of min-

imum wages in inflexible labor markets with fixed employment costs. When

there are fixed costs associated with employment, minimum wage regula-

tion not only results in a reduction in employment among low productivity

workers but also shifts the distribution of hours for the available jobs in the

market and restricts the number of part-time jobs. Part-time jobs play a

crucial role in participation decisions of marginal workers, especially women,

since women may prefer flexibility with regard to hours over pay while look-

ing for a job. Thus, for sufficiently high employment costs, a minimum wage

makes it difficult for these workers to enter and stay in the labor market,

and has significant employment effects.
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I. INTRODUCTION

Most research on minimum wages concentrates on the labor market
movements on the margins of employment. Analyses are done to recover
the ratio of workers losing their jobs when the minimum wage increases or
the ratio of individuals who are motivated by higher wages to get a job.
There is no consensus in the literature on the sign of the effect minimum
wages have on employment; in fact, rare agreements are on the statistical
and economic insignificance of the relationship.

Seldom is a significant effect reported, mostly because minimum wages
are barely binding in many of the economic environments analyzed. More-
over, as Card and Krueger (1995) point out in their frequently quoted study,
firms can adjust in a variety of ways to moderate increases in minimum
wages; reducing non-wage benefits, offering less training on the job, etc.
Most of these studies, especially the early contributions (which usually re-
port strong employment effects), work with aggregate data and thus produce
little beyond crude correlations. Card and Krueger’s (1995) results indicate
that estimation techniques, mainly the use of aggregate data instead of micro
level data, exaggerate the economic significance of the negative employment
effects in these studies. Bernstein and Schmitt (1998), Machin and Manning
(1994-for UK), Manning (1996), and Dickens et al (1999) also report similar
results. Besides, many of these studies are concentrated on the impact of
minimum wages on low-wage employment, especially teenage employment1,
where the subjects rarely are the major part of the labor force.

The effect of institutional inflexibilities on employment is studied exten-
sively in the European context, for example, by Bertola (1990) and Blan-
chard and Jimeno (1995) among many others, in attempts to explain high
unemployment rates.2 In most of these studies minimum wages are not
modeled separately but aggregated in a general measure of labor market
flexibility, and employment effects are analyzed on macro data.

In this paper, I isolate the minimum wage, and study its effect on in-
dividuals’ participation decisions when combined with other labor market
"inflexibilities" using micro data. Moreover, I realize that in some economies
minimum wages function differently than minimum wages in economies like
US. For example, in many developing countries, the level of minimum wage
is set as a living wage for a family, not for an individual, since the main

1See, for example, Brown et al, 1982; Deere et al., 1995 and Neumark and Wascher,
1995

2Please refer to a recent paper by Blanchard (2005) for a detailed review of the history
of unemployment in Europe and the literature it inspired.
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target group is the male breadwinners. Thus, the employment effects are
bound to have different dimensions than what is addressed by the existing
literature. This paper provides a framework that enables us to look at the
workings of minimum wages beyond the margins of employment. To the
best of my knowledge, a structural analysis of employment effects of mini-
mum wages in an inflexible environment has not been done before. In this
sense, this is "not another minimum wage paper."3

The main claim of the paper is that it may become prohibitively expen-
sive for firms to employ workers for short workweeks at a minimum wage
when the labor market is inflexible due to fixed employment costs. Thus,
employers offer contracts that specify a minimum number of hours to be
worked. This results in a shift in the distribution of hours for the available
jobs in the market, restricting the number of part-time jobs. Part-time
jobs play a crucial role in participation decisions of marginal workers, es-
pecially women, since women may prefer flexibility with regard to hours to
pay. Part-time jobs in many cases serve as a gateway to full-time jobs and
ease the transition from household production to market work. Thus, for
sufficiently high employment costs, a minimum wage makes it difficult for
these marginal workers to stay in the labor market.

I model an economy where the demand side constraints on working hours
are incorporated into the labor supply decision. I use this model to ana-
lyze female labor market activity in Turkey. Over the last fifty years,
participation rates among Turkish women declined significantly and stayed
unexpectedly low for the last couple of decades especially in urban areas.
This pattern is inconsistent with the general worldwide trend of female labor
force participation and social and demographic improvements in Turkey. I
propose that Turkish women have low participation rates due to the extreme
scarcity of part-time jobs, resulting from the constraints on hours implied by
the interaction of the minimum wage and market inflexibilities. While the
share of part-time employment among females averages around twenty-five
percent in OECD countries, in Turkey only 3.5 percent of female employees
hold part-time positions. I show that, indeed, if there were fewer restrictions
on work hours, the Turkish female labor force participation rate would have
been about six times higher.

The paper is organized as follows. The next section introduces the
model. The third section gives the econometric specifications used in em-
pirical estimation. Section 4 provides background on female labor force par-
ticipation behavior in Turkey. Section 5 explains the details of estimation.

3Respectfully referring to Freeman and Eccles’s 1982 paper.
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Section 6 reports the estimation results. Section 7 provides counterfactual
simulations and discusses policy implications. Section 8 analyzes how sen-
sitive labor supply behavior is to the changes in demographic variables and
introduces related policy discussions. Section 9 concludes the paper.

II. MODEL

This is a model of labor supply where demand side constraints on hours
are incorporated in the labor market participation decision. In the model,
labor is the only input of production and marginal productivities are con-
stant. However, wages are endogenously determined since there are costs
associated with employment; Even though the marginal productivities are
constant, average productivities are increasing but less than the marginal
product at any number of working hours. Given this cost, there is an inter-
val of hours where average productivity per hour is negative. Therefore, all
available jobs require a minimum number of working hours to make average
productivities at least equal to zero. With the same logic, when there is
a minimum wage in the market, the minimum required number of hours is
set to make average productivity of the worker at least as high as the min-
imum wage, which is higher than the minimums implied by the fixed cost
alone. If this minimum is higher than the number of hours the worker would
otherwise optimally supply, she faces a choice between working more hours
than she would like, and not working at all. In this paper participation is
specified to be equivalent to employment. Thus, any potential worker who
cannot find a job or the ones who wants to work but choose not to given
the market conditions, are considered as non-participants. Even though the
economic setting enables detailed identification of several regions of partic-
ipation, main purpose of the study is to track changes in the employment
level.

The model used in this paper builds on the labor supply model intro-
duced in Moffitt (1982). I extend the base model by modeling the marginal
productivity determination and letting wages vary by the length of work-
week. Addition of increasing average productivities and zero profit con-
dition to the model leads to a different modeling of the constraints on the
working hours. This also implies full time wage premium; since the per hour
fixed cost of employment decreases as the workweek gets longer, employers
would be willing to pay higher hourly wages for longer workweeks. In the
base model, if the difference between required minimum and the desired
work hours is greater than some estimated level, the worker chooses not to
work and if it is not she does otherwise when constrained. This cutoff level is
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a function of the shape of the individuals’ indifference curves, but is treated
as constant across workers in Moffitt’s model. In my model, instead of es-
timating such a constant, I allow workers to make utility comparisons when
constrained, and choose the utility maximizing option from this constrained
set. Thus, I allow this cutoff level to vary across individuals.

I will introduce the model in two subsections: the first subsection analy-
ses how the interaction of the minimum wage and fixed costs results in
constraints on hours. The second subsection explains how supply side de-
cisions are affected by these constraints. Table 1 summarizes the notation
I use.

Table 1: Notation

w : Marginal productivity of the potential worker

f : Fixed cost of employment per week per employee (dollars)

wh : Hourly wage = average productivity

∙
wh =

wh− f

h
< w

¸
wmin : Minimum hourly wage

h∗ : Desired hours

[length of workweek maximizing potential worker’s utility]
L∗ : Optimal level of leisure

[h*+L*=T=weekly time endowment]
hmin : Required minimum hours⎡⎢⎢⎢⎢⎣

Hours of work required for a worker to

produce the value of the minimum wage on

average per hour. Required minimum hours is the

h that solves wmin =
wh− f

h
that is hmin =

f

wi − wmin

⎤⎥⎥⎥⎥⎦
hmin : Absolute required minimum hours"

=
f

w
= the required minimum hours when

there is no minimum wage

#

A. Demand Side-Sources of the Constraints on the Hours of Work
Consider an economy where technology is linear and labor is the only

input of production. Each potential worker has a constant marginal pro-
ductivity (w). Given such a technology, firms will offer everyone jobs with
working hours they optimally choose to supply (h∗) at an hourly wage (wh)
equal to their average productivity which is equal to their marginal produc-
tivity (wh = w).
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Now, consider two individuals with different marginal productivities (wa

and wb) but the same level of desired hours. Any given firm will hire them
both and pay hourly wages equal to their average productivities, wha = wa

and whb = wb respectively. However, if there is a minimum wage in this
economy (suppose it is set to be at a level between whb and wha) no worker
with average productivity less than the minimum wage (wb = whb < wmin)
will be offered any job. Since average productivities are constant, there will
be no constraints on hours worked by the individuals who are offered jobs.
That is, a worker with productivity wa can still work her desired level of
hours. Nevertheless, an individual with a productivity wb will no longer be
employed by anybody.

Hourly wage 

                                                                                                           
     wa                                                                                                                     
                                                                                                                           wage/ hour for worker a 
     wc               

    wage/ hour for worker c 
                                                                                                                    
                                                                                                                                      (minimum wage) 
    

          

 

 0 Hours of Work 
            ha

min     hc
min      ha

min                   hc
min            
Figure 1

Suppose now there are costs associated with each job equal to f dollars
per worker for each workweek. As a result, each worker starts producing

a surplus value for the employer after the first
f

w
hours. I call this "the

absolute required minimum hours" and denote it by hmin. The cost of
employment will make a worker’s average productivity, and hence the hourly
wage she earns, dependent on the number of hours she works. This hourly
wage is less than what it is when there are no fixed costs since now the
total value of the workers production will be reduced by the costs associated
with her employment 4. However, minimum wage regulation is such that

4See the notation table for the hourly wage expression
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it does not take the existence of fixed costs into account and requires a
constant hourly wage independent of the length of the workweek (wmin).
Therefore, when there are fixed costs, minimum wage regulation creates an
interval of hours where the average productivity is lower than the minimum
wage for each worker no matter what their marginal productivity is. This
results in restrictions on the minimum number of hours each worker can
work (hmin). Solving the hourly wage equation for h at the point where
average productivity is equal to the minimum wage gives

hmin = g(wmin, wi, f) =
f

wi − wmin
(1)

which is an increasing function of the fixed employment cost and the mini-
mum wage and a decreasing function of the worker’s productivity. Figure
1 illustrates how the minimum number of hours that a certain worker needs
to supply decreases as the productivity level increases (wa > wc =⇒ hmin

a <
hmin
c )5.

5Here is a numerical illustration of the model. Suppose that the fixed employment cost,
is equal to 40 dollars. If an individual who can produce 5 dollars worth of goods or services
per hour wants to work in this market, her employer will require her to work at least 8
hours. That is, 8 hours is the absolute required minimum hours for this worker since
only then will her average productivity be greater than zero. Now suppose a minimum
wage is set at 4 dollars per hour. It is straightforward to see that this employee would
not be affected by this policy if there were no fixed employment costs. However, with 40
dollars of fixed employment cost, the employer will require her to work at least 40 hours
weekly since only then will her average productivity be equal to the hourly minimum wage.
Minimum wage is equal to the hourly wage (average productivity of the worker) when h
is equal to the required minimum hours, that is

wm in = wh =
w ∗ h− f

h
when h = hm in

in this example

4 =
5 ∗ hm in − 40

hmin
then hm in = 40

That is, 40 hours is her required minimum hours. If she willingly supplies more than 40
hours, meaning that her desired hours of work is higher than 40 hours, she will not be
constrained. However, if she desires to supply fewer than 40 hours, she faces the choice
between not working and working more hours than she would ideally. Her taste for work
together with any productivity shock she receives will push this worker to either side of
the market. Holding everything else constant, as the productivity of a worker increases,
her probability of being constrained decreases. For example, if the above worker had a
productivity of 6 dollars per hour, her required minimum work hours would be only 20
hours per week
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B. Supply Side-Participation Decision with Constraints on Work-
ing Hours

Suppose that on the supply side of the labor market, there are individu-
als maximizing the utility function U = U(Ci, hi ; Ai, 1i, 2i) choosing the
amount of work hours (h∗i ) they want to supply and the level of a composite
market good (C∗i ) given their individual observable characteristics (Ai) and
the unobservable heterogeneity in terms of hours preference and productiv-
ity ( 1i, 2i).
 
Consumption 
    Goods 
 
 
   M+ wT-f         G   
                    
 
 
                F       

   M+ wmin T           
               
     
                                                        
      E 

 
 
                                                      D                            C                        B 
 
 A  
                                   T-h*

high                                        T-hmin          T-h*
low                  T-(f /w)                                  T    Leisure 

Figure 2

If the potential worker wants to supply a higher number of hours than she
is required as a minimum, she will not be restricted. However, even a worker
with productivity higher than the minimum wage will face unemployment
if she has a low taste for work (or higher opportunity cost of working).
Figure 2 demonstrates this situation, showing two workers with the same
productivity−w (slope of the line CEG) which is higher than the minimum
wage (slope of the line BEF )− but different levels of desired hours h∗high
and h∗low where h

∗
high > h∗low as the subscripts suggest. An individual with

desired hours equal to h∗high will not be constrained by the demand side.
However, an individual with h∗low will face the choice between working h

min

or not working at all since she will not be offered her optimal job any more.
In this picture, ABCEG is the budget constraint when there is a fixed cost

8



but no minimum wage. ABEF is the budget constraint implied by the
minimum wage regulation. ABCDEG is the budget constraint faced by
these potential workers if a minimum wage equal to wmin is imposed and
there is a fixed cost of employment equal to f.

The above discussion shows that a minimum wage can have significant
negative employment effects when there are high fixed costs. Moreover,
these effects are felt more severely by low-productivity individuals and by
individuals with a low taste for market work (or high opportunity cost) who
supply less hours - two sets of people whose intersection consists mostly of
women.

III. ECONOMETRIC SPECIFICATIONS

The main econometric difficulty in this analysis arises from the fact that
it is not possible to observe which workers are at their required lower bounds
and which are working their desired hours. Moreover, I cannot observe
which non-participants are constrained and would like to supply positive
hours and which would not. I only know who is working and who is not, and
the actual working hours for each worker. I need to assume the behavioral
structure producing the observed behavior and utilize the model to recover
the parameters that maximize its fit. I start by assuming that everybody
has the following utility function,

U = U(Ci, Li; Ai, i)

=

µ
α2(T − Li)− α1

α22

¶
exp

µ
α2 (α0+α2Ci + α3Ai + 1i)− α1

α2hi − α1

¶
which is maximized subject to the following set of constraints6

Ci ≤Mi + γwihi − γf

Li + hi 6 T

where Ai is a vector of demographic characteristics, Mi is non-labor income
and Ci is the composite good (the numeraire), Li is leisure, and T is the
fixed weekly time endowment that can be divided between leisure and work.
γ is a dummy which is equal to 1 if the individual works and 0 if not. If

6Ci ≤Mi + whhi =⇒ Ci ≤Mi +
³
wihi−f

hi

´
hi =⇒ Ci ≤Mi + wihi − f
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any positive number of hours is giving higher utility than not working for
a particular individual7, the optimal number of working hours or desired
hours will given by the following expression:

h∗i = T − L∗i = α0 + α1wi + α2(Mi − f) + α3Ai + i1 (2)

Restrictions α1 > α2h
∗
i and α2 6 0 guarantee quasiconcavity of the utility

function and its monotonicity in disposable income. While α1 > α2h
∗
i im-

plies that the compensated wage effect is non-negative, the uncompensated
wage effect, α1, can be positive or negative.8 The second constraint α2 6 0
assures that leisure is not inferior.

In addition to (1) and (2), I have marginal productivity given by equation
(3)

wi = exp(Xiβ + i2) (3)

where Xi represents individual productivity characteristics. Error terms 1

and 2 are assumed to be independently distributed as normals with means
equal to zero and standard deviations equal to σ1 and σ2 respectively.

If an individual desires to work positive hours, is desired in the market,
and has higher utility from working her required minimum hours than not
working, she will actively participate. Otherwise she will not work. As
stated earlier, I do not observe either h∗ or hmin. However, I know hi, ob-
served working hours, if the individual is active in the labor market. Since,
in this model, hi is either desired hours or minimum required hours, I can
use the conditions governing the participation decision, and construct the
rules determining the choice of work hours. Figure 3 illustrates the regions
regarding participation behavior in the plane of “desired” and “required
minimum” hours.

As long as the individual desires longer workweeks than the minimum
workweek that she is offered, she is not going to be constrained by the
minimum hours requirement and she is going to work her desired hours.
However, when the desired length of her workweek, given that it is more
than zero, is shorter than the minimum offered to her, she is going to be
forced to choose between not working and working the required minimum.
She is going to work hmin hours at minimum wage only if it is more desirable

7See the first section in the appendix for an illustration using the possible utility-hours
mappings given personal characteristics.

8See Hausman(1980) or Pencavel (1986)
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to do so than not working. That is,

hi = h∗i if h∗i > hmin and wi > wmin (I)
= hmin if hmin > h∗i and U(hi = hmin) > U(hi = 0) (II)

45O

         
                             Required Minimum Hours              
                                    
         (T,T) 

                                          Region III  
          Wants to work but the   

                                   required minimum is                             
too high 

       h = 0 
      Region II            

                    Region IV              
                   Do not want                                             
                      to work                                                 Works longer  
                        h = 0                                               hours than the     

desired level 
        h = hmin 

                                                                   Region I 
                                                                   Not constrained                                            

                                                Works desired hours 
                                                                       h = h* 

                                                                                                         hmin  =  hmin   
                                                           

  
                                         (0,0)                                                                                                                     Desired Hours
                                                                             Region V           

 No job is offered                                                                
   Has a productivity less than the minimum wage  
                              h = 0                                                             

  

(hmin  , hmin  ) 

Figure 3

Similarly, there are three groups among the non-participants. The first
group is the group of individuals who would supply positive hours if they
were not constrained. They are asked to work longer hours than they
are willing to supply. When facing this set of choices, they prefer not to
participate. On the other hand, for the second group of non-participants,
the desired workweek is less than or equal to zero. They are the ones
who willingly choose not to participate. The last group of non-workers
consists of individuals who are undesirable in the market when there is a
minimum wage, that is, their productivity is lower than the minimum wage.
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In summary,

hi = 0 if hmin > h∗i > 0 but U(hi = hmin) < U(hi = 0) (III)
or if wi > wmin but h∗i ≤ 0 (IV )
or if wi < wmin (V )

Given these regions of participation, the probability of working hi = h
hours can be written as probability of observing h either as h∗or as hmin,
that is

Q =

⎛⎝ Pr(hi = h∗, h∗i > hmin > 0 |Xi, Ai, σ1, σ2, w
min, Mi)

+Pr

∙
h = hmin, hmin > h∗i > 0, U(hi = hmin)
< U(hi = 0)| Xi, Ai, σ1, σ2, w

min, Mi

¸ ⎞⎠
The probability of not working, on the other hand, is the combined proba-
bility of being in regions III, IV or V and can be formulized as

q =

⎛⎝ Pr(hmin > h∗i > 0, U(hi = hmin) < U(hi = 0)| Xi, Ai, σ1, σ2, w
min,Mi)

+Pr(h∗i = 0 , wi > wmin| Xi, Ai, σ1, σ2, w
min,Mi)

+Pr(wmin > wi | Xi, Ai, σ1, σ2, w
min,Mi)

⎞⎠
Thus9, the log likelihood function, logL, is

logL =
X
h>0

logQ+
X
h=0

log q

The model is identified by the non-linear structure of the generalized
Tobit-type models.

9See the second section in the appendix for details of this derivation.

12



IV. FEMALE LABOR FORCE PARTICIPATION IN TURKEY

Contrary to the expectations and despite the demographic and social
changes over the last 50 years, the female labor force participation rate has
decreased significantly in Turkey over this period. The female labor force
participation rate was 72 percent in 1955 and it declined to 23 percent in
February 2005. In 2005, the participation rate was only 18 percent among
urban women (SIS HLFS, 2005). Over this same period, participation rates
on average doubled worldwide, and almost tripled for married women in
most countries going through similar social changes. (See Figure A− 3 in
the third section of the Appendix)

The initial drop in the participation rate is attributed to the massive
urbanization of the workforce after the 1950s. Small scale, family-level agri-
culture had been employing nearly all of the women in rural areas. Since the
distinction between household duties and work is blurred in agriculture, it is
easier for rural women to meet the conditions to be considered as employed.
It has been argued that when these women leave their villages and move to
the cities, they cannot find a place for themselves in the labor force of urban
Turkey (Dayioglu, 1998; Ozar, 1996; Tunali, 1997). In cities, market work
and household duties are incompatible. Hence, women have to concentrate
on one of them. Most of these women have little human capital, so they are
forced into “marginal” jobs. Faced with this, most choose not to participate
in the workforce. However, the continuing decline in the participation rate
is unexpected since the social status of women has improved significantly
over these years.

There is no study yet that provides a convincing explanation why the
Turkish economy is incapable of utilizing the increasing productivity of
women. The model developed in this paper is estimated with Turkish fe-
male labor force data in order to explain the low participation rates among
urban females through constraints on hours in the job markets, or by the
lack of part-time jobs. Figure 4 illustrates the importance of part-time jobs
for female participation. There is certainly a positive correlation between
existence of part-time jobs and labor force participation rate of females.
Apparently, an increase in the number of part-time positions makes market
work attractive for more women.

This is not the first paper that calls attention to the link between the lack
of part-time jobs and the low female labor force participation rate in Turkey
(See for example Baslevent, 2001). However, there is no study yet that
models the dynamics causing in the scarcity of part-time jobs. The stylized
model of a labor market analyzed in this paper captures the fundamental
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characteristics of the Turkish labor market to a great extent. According
to various OECD reports, Turkey is among the least flexible labor markets
worldwide with regards to employment. The main source of inflexibilities in
this market are the policies regarding non-wage monetary burdens associated
with employment implied by the labor law which was in effect between 1947
and 2003, roughly the time period we are interested in. The absence of
a linear relationship between tax and benefit payments, and hours of work
[see Tunali(2005) for further information] makes part-time employees very
undesirable in Turkish market.10
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Figure 4

(For details see the table in the forth section of the appendix)

Women, while looking for a job, may prefer flexibility with regard to
hours over pay. For example, Falzone(2001) shows with US data that part-
time work offers an efficient alternative for married women in the labor
10The new Labor law, enacted in 2003, promises to define and regulate part-time em-

ployment and associated benefits separate from full time employment. This should change
the general characteristics of the part-time jobs available in coming years.
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market when earnings are not the only consideration. Part-time positions
are observed as low-pay, low-benefit jobs occupied by [married] women, in
nearly all of the countries in Figure 4. However, in Turkey, existing part-
time jobs exhibit different characteristics as illustrated in Table 2. In
Turkish labor market part-time workers on average earn almost three times
as much as the full-time workers. Tables 3 and 4 help clarify this picture
providing support for the motivating idea of my model. Most part-time
workers are university graduates or, we can say, high productivity workers.
Share of part-time workers is 31 percent among college graduate women.
Among women with lesser education, on the other hand, this ratio is only 10
percent. Summary of working hours within each educational group shows
that the higher the years of schooling completed, the lower the average
number of hours worked per week.

Table 2: Wages - Part-time vs. Full-time Jobs

# of obs. mean st.dev. min. max. median

if h < 40 87 1.85 5.29 0.11 48.94 1.17

if h>=40 474 0.74 0.97 0.05 18.43 0.58

Table 3: Share of Part-timers and Education

# of obs. % part-timers

college graduates 154 31.13

non-college graduates 407 10.03

Table 4: Hours of Work and Schooling

# of obs. mean st.dev. min. max. median

primary school or less 189 42.79 9.03 15 84 40

middle school 35 42.48 4.68 40 58 40

high school 183 40.36 5.98 20 64 40

college 154 35.58 9.19 15 54 40

These observation surprises many scholars and some even claim that
there is a wage premium to part-time jobs in Turkey. This interesting
phenomenon can be explained with the model introduced in this paper. It
can be shown that average part time wages are higher simply because there
are almost no part-time jobs among the low paying jobs in the market.
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V. ESTIMATION

A. Data
The data set used is from the Turkish Household Labor Force Supply

Survey. This survey is conducted biannually by the State Institute of Sta-
tistics of Turkey from 1988 to 1999, and quarterly since 2000. In total,
14, 000 to 23, 000 households are surveyed each time, both from rural and
urban areas. The analysis here uses the data from the October 1988 round
of this survey.

In the 1988 round, 102, 062 individuals residing in 22, 320 households
nationwide are surveyed. In this data set, participation for women is around
18 percent in cities, very similar to the census results. Participation rates
vary greatly with education and marital status. There are significant drops
in participation rates as education falls below college level (73 percent at
college level and 8 percent for primary school graduates) and as women
get married (38 percent for singles, 11 percent for married). In the survey,
nonworking women are asked if they would like to work and the ratio of those
who are ready to start working is higher among married and low-educated
(although slightly in some cases) suggesting that more of those women are
the ones who are unwillingly staying out of the market.

For my empirical analysis, I use a sub-sample of 6, 445 women between
the ages of 20 and 55 who are married and living together with their husband
in cities with 400, 000 or more people. Women in the sample either did not
work the week preceding the interview or they were employed as wage and
salary workers. I use data only on women who are working at most one job
and who are not currently enrolled in school, either full time or part time.
Table 5 gives descriptive statistics for the women in my sample.

Table 5: Descriptive Statistics

Variables # of obs. mean st.dev. min. max. median

Hours worked (if working) 561 40.01 9.16 15 84 40

# of children of ages 0-5 2804 1.38 0.61 1 4 1

# of children of ages 6-14 3753 1.86 0.94 1 6 2

Education 6445 4.66 3.671 0 15 5

Age 6445 34.62 9.16 20 55 34

In this sub-sample, the mean education is about five years. Seventy-
four percent of the women interviewed have seven or less year of schooling
(Last degree they have completed is primary school). University graduates
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constitute six percent of the women and about thirty-seven percent of the
workers in the sub-sample. The labor force participation rate for this sub-
sample is about nine percent . These women work forty hours on average.
Eighty-three percent of working women work forty hours or more and only
five percent work twenty hours or less (Eight percent of women work between
twenty-five and forty hours, nine percent work less than twenty-five hours).

Table 6: Variable Definitions

Ai demographic variables

age between 20-55

squared age age squared/100

years of schooling 0 = no schooling

3 = literate but has no degree

5 = primary school

8 = middle school

11 = high school

15 = college or more

squared years of schooling years of schooling squared/100

young children number of children between ages 0-5

squared young children number of young children squared

older children number of children between ages 6-14

squared older children number of older children squared

Xi productivity variables

middle school dummy (0-1)

high school dummy (0-1)

college dummy (0-1)

potential experience age - years of schooling - 6

(6 is the age at schooling begins)

squared potential experience potential experience squared/100

Mi non-labor income
household income-own labor income

number of household members

I use different educational indicators, family variables and individual de-
mographic indicators as the explanatory variables in the estimation. Table
6 gives the list of all variables used in all steps of estimation with expla-
nations. There are a few problems with the data; for example, wages and
a non-labor income measure are not directly available. There is also no
record of asset income. I use weekly value of per member income of the
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household excluding women’s own earnings as a proxy for the non-labor in-
come. I only have monthly incomes recorded, thus I divided the figures by
four to get an approximate weekly number. The problem I have with the
wages is more complicated than of the non-labor income. In the survey,
individuals are asked their usual per week working hours, and how much
they worked last week. However, they report how much they earned in
the month preceding the interview. I approximate the weekly labor income
using these figures, making sure that the individuals were working for the
whole month for which they report the income. Three observations which
are not meeting this criterion are excluded from the sample used for the
analysis

The data set is cross-sectional and the nominal level of minimum wage
is constant across the country. I create variations in the minimum wage
using the province level CPI (I used price indexes supplied by the Central
Bank of Turkey for 1995 since there are none available for 1988 for most of
the provinces). I keep the Ankara (the capitol city) prices as the base and
divide the minimum wage in the other provinces with ratio of their prices
to the prices in the capital. This measure should reflect the differences in
the real value of minimum wage across individuals even though they all face
the same nominal level. I made the same adjustment to non-labor income
and wage measures, too. I convert all values into US Dollars using average
Dollar/Turkish Lira exchange rate for October 1988, the month that the
survey took place.

B. Estimation Method
I estimate the model using Maximum Simulated Likelihood (MSL). This

method replaces the actual probabilities defining the likelihood function with
simulated ones. In this paper, simulated probabilities are generated by a
Logit-Smoothed Accept-Reject Simulator (LS-AR Simulator).

The general class of AR simulators is used whenever the models do not
have tractable closed form solutions. The first step in generating an AR
simulator is taking random draws (many of them) for exogenous shocks from
a pre-specified distribution. Say we take R random draws and suppose we
have N individuals in the data. The next step is, for each draw, determining
whether it would result in alternative I (not working or if working, working
any particular number of hours) which is observed in the data or not, when
combined with the individual characteristics. If so, the draw is called an
"accept"(1) and if it results in any other outcome it is a "reject"(0). A
counter records the number of "accept"s. The ratio of the "accept"s to
the total number of repetitions (that is total number of draws, R) is the
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simulated probability. Maximization is done over parameters to fit what
we observe in the data to be the most likely outcome.

Simulation of the discrete participation choice is quite straight forward.
However, the simulation used for fitting the hours distribution may not seem
obvious. Thus, I’d like to illustrate the simulation of this continuous portion
with an example. Suppose I have a worker who is working 30 hours a week
in my data. I observe her education, her age, her husband’s income and
the number of kids she has, but nothing else. However, I assume there are
two sorts of external shocks she receives, one affecting her taste for work
and the other affecting her productivity. Here I assume these two shocks
are independently and normally distributed. I draw 10000 draws for each
shock. Then among this ten thousand different combinations, I count the
times where the created hours of work (which can be either desired hours or
the required minimum) falls within a ±0.5 interval of the observed number
of hours. That is, I have an "accept" if generated hours is between 29.5 and
30.5 in this example. The ratio of total number of accepts to the number
of repetitions is the simulated likelihood.

An AR simulator can be problematic for MSL estimation since the sim-
ulated probabilities are not smooth in the parameters. The AR simulated
probability is a step function. An infinitesimally small change in a para-
meter will usually not change any draw from a reject to an accept or vice
versa. Therefore, the simulated probability is constant with respect to small
changes in the parameters. The numerical procedures of maximization use
the first derivatives, and sometimes the second derivatives, of the choice
probabilities. If these derivatives do not exist, or do not point toward the
maximum, then the numerical procedure will not perform effectively. One
way to solve this problem is to replace the 0-1 AR indicator with a smooth,
strictly positive function (here this function is a logit function). The fifth
section of the appendix gives detailed description of this simulation proce-
dure.

There are several problematic issues with MSL estimation, the main one
being the bias arising from the log transformation. Even though these
simulated probabilities are unbiased estimators of the actual probabilities,
logarithms of simulated probabilities are biased estimators for logarithms of
actual probabilities. Fortunately, this is an easy-to-solve sort of problem:
the bias disappears as N and hence R rises without bound. The MSL
estimation is consistent in this case. If R rises faster than

√
N, the MSL is

not only consistent but also efficient, asymptotically equivalent to maximum
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likelihood on the exact probabilities11. The other problematic issues with
MSL estimation are sensitivity of probabilities to the number of draws and
to the smoothing parameter chosen12. These are harder problems to solve.

VI. ESTIMATION RESULTS

Married women have higher-valued outside options since the division of
labor in the household requires them to be the main producers at home in
most cultures. Thus, females of a given market productivity are expected
to supply fewer hours of labor than their male counterparts. These women
are also expected to make the non-participation decision more easily if they
are forced to work long hours. This is what we observe in the data. The
share of housewives among non-participating women is strikingly high in
Turkish data; Seventy-nine percent of women who do not participate in the
labor force stated being a housewife as the reason. Household duties keep
women at home when the labor market options are not attractive enough.
My estimates provide support to this not-so-new idea. Looking at the Table
7 we can see that having young kids in the household decreases the desired
workweek at an increasing rate. While having only one young child at the
household reduces the desired hours by little less than six hours, having two
young children will reduce desired hours by more than ten. The effect of
having older kids is similar on hours choice but its negative effect evades as
the number of children in this age group increases in the household. Woman
who has a child between ages six and fourteen wants to work about three
hours less compared to her "twin" with no children of ages six to fourteen.

The estimates of the marginal productivity parameters suggest signifi-
cant economic returns to education especially at the college and high school
level. Everything else equal, college graduate women earn about hundred
percent more per hour compared to women with no education. The wage
returns to a college education is more than double the wage returns to a
high school degree compared to the women with no education. This should
partially explain the big discrepancy between participation rates across dif-
ferent education levels.

The mean of the productivity estimates is fifty-four cents for the working
individuals, that is, the average worker produces fifty-four cents worth of
goods or services per hour. The distribution of these productivity measures

11See McFadden (1989) for further theoratical background
12See the appendix(section II) for an illustration. You can find more on applications

in Train, 2000.
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has a standard deviation of seventeen cents, values ranging between three
cents and two dollar and thirty-four cents for the entire sample. According
to these estimates, nine percent of the women have simulated productivities
that are less than the minimum wage level, which ranges between thirty-two
and thirty-four cents across fourteen cities.

The number of desired work hours decreases in non-labor income, but
the effect is not very significant economically. In this case, non-labor income
is approximated using the labor incomes of the other family members. The
sum of family income excluding the wife’s income is divided by the family
size. Keeping this in mind, the estimate for α2 suggests that by every ten
extra dollars the other family members earn per person (that is, total of "10
x family size" increase in the family income) the desired hours of a potential
worker will decrease by one hour per week.

Table 7: MSL Estimates

Desired and Required Minimum Hours estimate st.dev

constant (α0) 21.49 2.88

wage (α1) 4.81 1.05

non-labor income(α2) -0.03 2.37

years of schooling 0.88 0.09

squared years of schooling -3.55 0.65

age 0.84 0.17

squared age -1.67 0.25

young kids -2.47 0.77

older kids -3.49 0.42

squared young kids -2.71 0.59

squared older kids 0.52 0.17

fixed employment cost (f) 5.38 0.26

Marginal Product

constant -1.54 0.01

middle school 0.20 0.01

high school 0.44 0.02

college 0.93 0.03

potential experience 1.6E-03 3.03E-04

squared potential experience -5.4E-05 5.23E-06

σ1 8.11 0.09

σ2 0.42 0.01

log likelihood -3028
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The coefficients on age variables imply that desired hours increases by
age up to age thirty-three and declines then on. Data does not show such
a pattern in terms of hours. However, we know that not all workers work
their desired hours; according to the simulations about forty percent of the
workers are constrained to work at their required minimum. Given this,
the following graph can illustrate why we fail to observe such a pattern with
hours data. According to this graph the hours worked by low and high end
of age distribution is still high due to the higher proportion of constrained
workers in those age groups. In other words, by having higher desired hours
smaller proportion of the workers in the mid section of age distribution is
constrained.

Effect of Age on Desired Hours / Ratio of Constrained Workers by Age
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Figure 5

The estimate for α1 may seem to be small suggesting that a dollar in-
crease in the wage will increase the desired hours by five hours given the
range of wage estimates. For the average worker one extra dollar per hour
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is about two hundred percent increase in hourly wages. This is in line with
findings of several papers on Turkish female labor market activity. Tunali
(1995), for example, finds that wage elasticity of hours supply is almost zero
among Turkish women.

The fixed employment cost is estimated to be about five dollars and forty
cents. As mentioned before, an average worker works forty hours per week
and makes about fifty-four cents per hour. In this case, five dollars and
forty cents corresponds to about twenty-five percent of the weekly earnings.
This is a good estimate of non-wage expenses given that about thirty-one
percent of all labor cost in Turkey in 1990 (do not have the figure for 1988)
was non-wage payment.

A. Participation Regions
The estimated participation rate is 8.87 percent. Table 8 summarizes

the participation probabilities associated with regions in Figure 4. Accord-
ing to these estimates, eighty percent of all women are restricted in the sense
that they want to supply positive hours of work but either are not desired as
workers or are constrained by high required minimum hours. Conditional
on being a non-participant, about twenty-five percent of women want to
work and are welcome in the market but are asked to work more hours than
they are willing to supply. About sixty percent of women are not offered
any job.

Table 8: Participation Regions

Event Definition Probability

h>0 participation 0.09

h=h∗ working desired hours - Region I 0.04

h=hmin working required minimum - Region II 0.05

wmin<w, h∗>0, h=0 required minimum too high - Region III. 0.25

wmin<w, h∗<0, h=0 not want to work - Region IV 0.04

wmin>w no job offer - Region V 0.62

B. Fitting the Hours Distribution
Table 9 reports the distribution of the estimated hours. In the simulated

data, the average length of workweek is about forty-one hours. For the
women working their required minimum hours, the mean workweek is forty-
seven hours long, and for women working their desired hours the mean
workweek is thirty-five hours.
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Table 9: Distribution of Hours

mean st.dev. min max

estimated 40.61 13.52 8.54 89.67

h=hmin 46.81 15.31 13.64 89.67

h=h∗ 34.88 8.19 8.54 61.34

Figure 6 graphs the simulated hours distribution and also shows the
distributions for the restricted and unrestricted workers. The relatively
high concentration of workweeks around thirty to forty five hours can be
considered as a possible- but weak- explanation for the concentration of
hours distribution around forty hours in the data.

There appears to be some discrepancy between this distribution and the
distribution of actual hours. One reason might be the very low number of
workers in the data. The huge concentration at zero working hours is very
likely to distort the distribution of hours.

Simulated Hours Distribution
Desired vs Required
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Considering this possibility, I estimated the same model with only the
workers in the data. As one would expect the estimated distribution of
hours resembles the observed distribution more with the worker only data.
The simulated hours line in Figure 7 is the graph of working hours simu-
lated with these new estimates. It fits the mean and standard deviation of
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the distribution better, and captures the spike at forty better than the dis-
tribution simulated using full sample estimates. More importantly, Figure
8 implies that the workers who are working around thirty-two to forty-two
hours of work are mostly unconstrained workers. And the workers on the
right tail of the distribution are working their required minimum number of
hours.

Fitting the  Hours Distribution
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VII. COUNTERFACTUALS

Having a structural model allows me to understand how the minimum
wage in this economy affects the employment and the hours distribution.
Given the estimates and the data I can simulate the participation and hours
choices under different minimum wage policies. Moreover, I can see how
the participation and hours choices could have been with the same minimum
wage in a different economic environment, in this case, a labor market with
no employment costs.

Table 10: Participation Regions under Counterfactuals

f=festimate, w
min=0

h>0 participation 0.48

wmin<w, h∗>0, h=0 required minimum too high 0.43

wmin<w, h∗<0, h=0 not want to work 0.09

f=0.5*festimate, w
min=wmin

data

h>0 participation 0.15

wmin<w, h∗>0, h=0 required minimum too high 0.19

wmin<w, h∗<0, h=0 not want to work 0.04

wmin>w no job offer 0.62

f=0.5*festimate, w
min=0

h>0 participation 0.75

wmin<w, h∗>0, h=0 required minimum too high 0.16

wmin<w, h∗<0, h=0 not want to work 0.09

Table 10 contains the participation probabilities generated via simula-
tions under these counterfactuals. If the minimum wage is zero (in presence
of the fixed cost), the share of women who are restricted drops to forty-three
percent. Decreases in the minimum wage have the expected effect on par-
ticipation: the ratio of women working increases when the minimum wage
is zero, even when there are still fixed costs, to forty-eight percent.

Fixed costs in this model represents not only technological burdens but
also policy implied costs of employment. Thus, although it is theoretically
not reasonable to think of an environment without any fixed employment
costs, we can think of an environment sans the institutional costs imposed by
the regulations, taxes etc. About fifteen percent of women participate when
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fixed costs are reduced by fifty percent. If there is no minimum wage and
half as much fixed costs, participation rate is seventy-five percent. These
changes also affect the distribution of working hours. Table 11 shows that
the mean, minimum, and maximum hours worked are lower, indicating more
women working at the low end of hours distribution.

Table 11: Counterfactual Distribution of Hours

mean st.dev. min max

f=festimate,w
min=0 31.91 7.78 10.28 68.62

f=f=0.5*festimate,w
min=wmin

data 36.08 12.05 5.99 89.72

f=f=0.5*festimate,w
min=0 28.76 8.56 5.14 68.54

VIII. LABOR SUPPLY ELASTICITIES

For this model, unconditional expectation of hours supply can be writ-
ten in two parts; expected value of hours of work given it is the minimum
required hours and expected value of hours of work given it is the desired
level, that is:

E [hi] = E
£
hi|h∗i > hmini , wi > wmin

¤
P ( T > h∗ > hmini , wi > wmin)

+

∙
E
£
hi|hmini > h∗i > 0, U(hi = hmini ) > U(hi = hmini )

¤
Pr( 0 < h∗ < hmini < T, U(h = hmini ) > U(h = 0))

¸
Then the marginal change in the unconditional hours supply due to a mar-
ginal change in a given variable Y (Xi , Ai) can be written as

∂E [hi]

∂Y
=

Ã
∂E

£
hi|h∗i > hmini , wi > wmin

¤
∂Y

P ( T > h∗ > hmini , wi > wmin )

!

+

µ
E
£
hi|h∗i > hmini , wi > wmin

¤ ∂P ( T > h∗i > hmini , wi > wmin )

∂Y

¶

+

⎛⎝ ∂E
£
hi|hmini > h∗i > 0, U(hi = hmini ) > U(hi = hmini )

¤
∂Y

Pr( 0 < h∗i < hmini < T, U(hi = hmini ) > U(hi = 0))

⎞⎠
+

⎛⎝ E
£
hi|hmini > h∗i > 0, U(hi = hmini ) > U(hi = hmini )

¤
∂ Pr( 0 < h∗i < hmini < T, U(hi = hmini ) > U(hi = 0))

∂Y

⎞⎠
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This expression decomposes the total changes in the expected hours into
four parts: (1) changes in the hours for those who are working their de-
sired hours conditional on being able to work the desired workweek; (2) the
change in the probability of being able to work the desired hours weighted
by the expected value of hours for who work desired hours; (3) changes in
the hours for those who are working imposed required minimum workweeks
conditional on being restricted; and (4) the change in the probability of
being required to work minimum hours weighted by the expected value of
hours for the constrained workers. Tables 12 − 14 summarize the hours
supply and participation elasticities with respect to productivity variables
and household characteristics.

Table 12: Responses to a ten percent change in

hour participation rate
nonlabor income 39.65 0.088

productivity 39.31 0.117

Table 13: Responses to one more kid in each family

hour participation rate
young kids+1 35.75 0.082

older kids+1 37.83 0.085

Table 14: Elasticity of Expected Hours Supplied

nonlabor income 0.010

wage 0.096

young kids 0.060

older kids 0.049

IX. CONCLUSION

In this paper, I show that the interaction of minimum wages and fixed
costs of employment impose limits on the working hours and as a result can
cause a shortage of part-time jobs. I show that for sufficiently high employ-
ment costs, institution of a minimum wage affects employment among all
workers who prefer flexibility in terms of hours regardless of the productiv-
ity level. I estimate the model with Turkish data. My estimates indicate
that about eighty percent of all women in Turkey are restricted; they wish
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to supply positive hours of work, but either have lower than minimum wage
productivities and thus are not desired as workers or are constrained by re-
quired minimum hours. The key parameter in the model is the fixed cost
of employment, which is estimated to be about 5 dollars per week for each
employee. The average worker in the sample works forty hours per week
and makes about 54 cents per hour. The 6 dollars fixed cost thus corre-
sponds to about 25 percent of weekly earnings. Given that on average 30
percent of all labor costs in Turkey are non-wage expenses, this estimate is
a good approximation.

Based on the estimates, I simulate several counterfactual scenarios and
analyze transitions across labor market groups under these alternative poli-
cies. If there were no constraints in the market, my simulations show that
about 60 percent of currently non-working women would obtain jobs. This
would increase total female labor force participation to 75, about 9 times the
current estimated rate. A simulation without fixed costs indicates that the
minimum wage alone explains 42 percent of this total increase. Similarly,
a simulation including fixed costs but no minimum wage shows that fixed
costs account for only 7 percent of the change. Thus, the interaction of
the minimum wage with fixed employment costs accounts for most of the
difference.

In the current functional specification of the model, there is no place
for a non-monotonic relationship between hours supplied and fixed costs.
Moreover, there is no room for non-linear responses to wages. Implications
of the model for employment decisions do not change if the technology is
modified in order to allow alternative constraints and wage structures. For
example, an S-shaped hours-productivity relationship (See Borjas, 1973 or
Moffitt, 1984), which is considered a more realistic approach, would lead to
both lower and upper bounds on the length of workweeks acceptable to the
employers. This would strengthen the impact of minimum wage on the level
of employment even without the fixed costs. In the data, the distribution
of hourly wages by workweek is weakly concave, which rejects the idea of a
full-time wage premium. I take this as a sign that this model is a reasonable
choice for the environment. It implies that part time jobs will be in short
supply and high productivity workers will occupy the existing jobs. Low
productivity workers will be constrained with higher working hours. Thus,
in this environment, the part-time job market may have higher hourly wages
on average than the full-time job market. This is quite different from the
markets that are explained with S-shaped budget constraints.

Allowing constraints only on the minimum number of hours workers can
work may seem limiting. However, an upper limit on working hours does
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not seem to be an issue in the data. Moreover, I choose not to discretize
the choice set of hours, unlike some other studies in the literature, since
the main concern is not fitting the distribution of observed hours (mainly
the spikes at certain length of workweeks, like 40 hours) but understanding
how important these constraints are in explaining the concepts of voluntary
and involuntary unemployment. I cannot capture the spikes of observed
hours distribution with the estimates. However, model successfully fits the
external margins of participation. I also ignore possible heterogeneity of
fixed costs due to the lack of variables needed to identify such variation
across workers.

The available data set lacks potentially significant information, the in-
clusion of which may increase the explanatory power of the model. Re-
estimation of the model with a data set, which reports the hours of work
over a longer period of time, and reports a greater variety of individual
variables such as non-labor income, education of parents, or health status
indicators should be considered in the future. This data set only asks about
hours worked in the week preceding the survey. This may not be a true in-
dicator of participation behavior. For a better understanding of the effects
of minimum wage restrictions, it would be helpful if I were able to follow the
sample over time as real minimum wage changes. Moreover, other sources
of hours-dependency of wages can be considered for the analysis. When
possible nonlinear structures of marginal productivity are considered, the
demand side can be more effectively studied.

This paper offers a stylized model of employment costs. Model restricts
the usage of information on employers since this information does not ex-
ist for non-workers, thus cannot be used to approximate the latent indices
created for each individual. Estimating the model only on workers can im-
prove this aspect of the estimates. However, workers constitute a minority
in this data set, which reduces the power of estimation. Thus, next step is
to estimate the model on a data set where employment rates are higher, like
the CPS data. In the mean time, data set can be enriched by inclusion of
single females and maybe males. Married women make non-participation
decision easier compared men and single women since they usually have a
higher non-labor income to rely on compared to their husbands. It will
be interesting to model household as the unit of analysis and estimate the
impact that the minimum wages and market inflexibilities have on the intra-
household division of labor. Turkish married men work on average 52 hours
in my data. This is very high compared to many other countries.

Another natural extension is estimation of the model in a different eco-
nomic environment. Among Turkish females the employment effects of the
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minimum wage is magnified since the productivity levels are very low, mini-
mum wage is quite binding and fixed costs, as estimated, are substantial. I
plan to estimate the model with US data, where female productivity levels
are higher and participation rates are very high. I expect to estimate eco-
nomically and statistically significant fixed costs, in presence of which the
minimum wage fails to impose restrictions on most workers since its level is
rarely binding.
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APPENDIXES

I. UTILITY FUNCTION AND WORK DECISION

Following two graphs show the relationship between the work hours and
the utility, keeping everything else constant for two different individuals.
Both individuals have the same characteristics, except for the number of
young kids. X-axis crosses the y-axis at U(h=0), that is at the utility level
from not working.

This first figure illustrates the utility function of an individual for whom
not working is superior to working at any h. This individual is not going
to work at h∗, since this local maximum implies a lower utility level than
what he gets at h = 0.

Figure A-1

The following individual has the same characteristics with the above in-
dividual except the number of young kids. As you can see the absolute
required minimum is same for both individuals since only the productivity
variables affect the location of this minimum. Unlike the above case, there
is a positive h for this individual where her utility is maximized. She will
work h∗ (point C) if the require minimum hours is between points B and
C. She will work her required minimum hours if the minimum is between C
and D (note that for these points utility is higher than what it is at h = 0).
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If the required minimum is more than D, she will not work, since now not
working gives a higher utility compared to working at hmin

Figure A-2

II. DERIVATION OF THE LIKELIHOOD FUNCTION

The individual’s problem is to maximize

U = U(Ci, Li; Ai, i)

=

µ
α2(T − Li)− α1

α22

¶
exp

µ
α2 (α0+α2Ci + α3Ai + 1i)− α1

α2hi − α1

¶
subject to the following set of constraints

Ci ≤Mi + γ(wihi − f)

Li + hi 6 T

where Ai is a vector of demographic characteristics, Mi is non-labor income
and Ci is the composite good (the numeraire), Li is leisure, and T is the fixed
weekly time endowment that can be divided between leisure and work. γ is
a dummy which is equal to 1 if the individual works and 0 if not. Solution
to this optimization problem gives

h∗i = T − L∗i = α0 + α1wi + α2(Mi − f) + α3Ai + i1
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as the desired hours equation. This model has two more latent indexes:

wi = Xiβ + i2

hminij =
f

wi − wminj

Then for a worker
hi = h∗i (works desired hours) if

h∗i > hminij and wi > wminj

hi = hminij (works required minimum hours ) if

0 < h∗i < hminij and U(hi = hminij ) > U(hi = 0)

hi = 0 (desires to work but is restricted) if

0 < h∗i < hminij and U(hi = hminij ) < U(hi = 0)

hi = 0 (does not want to work but is offered a job) if

h∗i ≤ 0 and wi > wminj

and
hi = 0 (can not work-no job is offered) if

wi < wminj

Then the log-likelihood function is:

logL =
X
h>0

logQ+
X
h=0

log q

where

Q =

⎛⎜⎜⎜⎜⎝
µ

k(h| Region I , Xi, Ai, σ1, σ2, w
min
j , Mi)

Pr( Region I | Xi, Ai, σ1, σ2, w
min
j , Mi)

¶
+µ

k(h| Region II, Xi, Ai, σ1, σ2, w
min
j , Mi)

Pr( Region II | Xi, Ai, σ1, σ2, w
min
j , Mi)

¶
⎞⎟⎟⎟⎟⎠
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and

q =

⎛⎝ Pr(Region III | Xi, Ai, σ1, σ2, w
min
j , Mi)

+Pr(Region IV | Xi, Ai, σ1, σ2, w
min
j ,Mi)

+Pr(Region V | Xi, Ai, σ1, σ2, w
min
j , Mi)

⎞⎠
[k(.) is the conditional probability density function of the hours of work
variable given dependent variables, non-labor income and minimum wage
levels and the unobserved preference and productivity shocks].

k(h|Region I, .) =

Φ

∙
(hi−f)Xiβ−wminj hi√

(f−hi)2 σ22

¸
φ

∙
hi−α0−(α1−α2f)Xiβ−α2Mi−α3Ai√

(α1−α2f)2 σ22+ σ21

¸
1√

(α1−α2f)2 σ22+ σ21

Pr(0 < hminij < h∗, U(h = hminij ) > U(h = 0) | Xi, Ai, σ1, σ2, wminj ,Mi)

k(h|Region II, .) =

[Φ (Z1) − Φ(Z2)] (
wminj f

(hi − f)2σ2
) φ (

wminj

hi
hi − f

− Xiβ

σ2
)

Pr(0 < h∗i < hminij , U(hi = hminij ) > U(hi = 0) | Xi, Ai, σ1, σ2, wminj ,Mi)

where

Z1 =
log
³
α1−α2hi

α1

´
[(α1−α2hi) (α1)] − α22α0hi − α32hiMi −α22α3Aihi + α2α1hi − α22α1w

min
j hi

α22hiσ1

and

Z1 =
hi−α0−(α1−α2f)Xiβ−α2Mi−α3Ai−(α1−α2f)

"
wminj

hi
hi − f

− Xiβ

#
σ1

And

q =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

Pr

⎛⎜⎜⎜⎜⎜⎜⎜⎝

⎡⎢⎢⎢⎣
³
α2h

min
ij − α1

´
exp

µ
α2(α0+α2Mi+α2hminij wminj +α3Ai+ 1i)−α1

α2hminij −α1

¶
<

(−α1) exp
³
α2(α0+α2Mi+α3Ai+ 1i)−α1

−α1

´
⎤⎥⎥⎥⎦

, h∗i > 0,
w > wminj | Xi, Ai, σ1, σ2, w

min
j ,Mi

⎞⎟⎟⎟⎟⎟⎟⎟⎠
+Pr

h
h∗i < 0, w > wminj | Xi, Ai, σ1, σ2, w

min
j ,mi

i
+Pr

h
w < wminj | Xi, Ai, σ1, σ2, w

min
j ,Mi

i

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
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=

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

Pr

⎛⎜⎜⎜⎜⎜⎜⎜⎝

⎡⎢⎢⎢⎣
³
α2h

min
ij − α1

´
exp

µ
α2(α0+α2m+α2hminij wminj +α3Ai+ 1i)−α1

α2hminij −α1

¶
<

(−α1) exp
³
α2(α0+α2Mi+α3Ai+ 1i)−α1

−α1

´
⎤⎥⎥⎥⎦

, Xiβ̂ − wminj > − 2i,

α0 + (α1 − α2f)Xiβ̂ + α2Mi + α3Ai > 1i + 2i(α1 − α2f)

⎞⎟⎟⎟⎟⎟⎟⎟⎠
+Pr

"
α0 + α1

³
Xiβ̂ + i2

´
i
+ α2

³
Mi − f(Xiβ̂ + i2)

´
i

+α3Ai + 1i < 0, Xiβ̂ + i2 > wminj

#
+Pr

h
Xβ̂ + i2 < wminj

i

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

=

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
Pr

⎛⎜⎜⎜⎜⎜⎜⎜⎝

⎡⎢⎢⎢⎣
³
α2h

min
ij − α1

´
exp

µ
α2(α0+α2Mi+α2h

min
ij wminj +α3Ai+ 1i)−α1

α2hminij −α1

¶
<

(−α1) exp
³
α2(α0+α2Mi+α3Ai+ 1i)−α1

−α1

´
⎤⎥⎥⎥⎦

, Xiβ̂ − wminj > − 2i,

α0 + (α1 − α2f)Xiβ̂ + α2Mi + α3Ai > 1i + 2i(α1 − α2f)

⎞⎟⎟⎟⎟⎟⎟⎟⎠
+Φ

∙
−[α0+(α1−α2f)Xiβ̂+α2Mi+α3Ai]√

σ21+(α1−α2f)σ22
,
−Xiβ̂+wminj

σ2

¸
+Φ

∙
Xiβ̂−wminj

σ2

¸

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

III. FEMALE LABOR FORCE PARTICIPATION 1950 VS 1990

Next figure has 4 different graphs. All graphs have 1990 female labor
force participation rates on x-axis and 1950 female participation rates on
the y-axis. The straight line is the 45 degree line; for countries (you
can find the names of the countries and corresponding abbreviations on the
list following the picture) below this line participation rates increased over
the 40 year period, and for the countries above this line participation rates
decline. The first picture shows the change for women of all age groups, the
second picture for ages 30-39, the third picture for ages 40-49 and the last
picture for ages 50-59. Turkey’s position is circled in the graphs. As you
can see, female labor force participation rates declined in all age group in
Turkey. Turkey is an outlier in all four groups, especially for the younger
population.
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IV. PARTICIPATION AND PART-TIME JOBS IN SELECTED
EUROPEAN COUNTRIES

Country Share of Part-timers Participation Rate
Austria 38.00 64.60

Belgium 40.50 58.80
Bulgaria 2.20 56.60
Cyprus 13.40 62.90
Czech 8.30 62.30

Denmark 33.20 76.10
Estonia 9.40 65.30
Finland 19.70 70.80
France 30.30 64.00

Germany 41.60 66.70
Greece 8.50 54.30

Hungaria 6.40 54.50
Iceland 34.20 80.00
Ireland 31.40 59.70

Italy 25.20 51.30
Latvia 14.10 65.20

Lithuania 10.10 65.50
Luxembourg 40.20 54.30

Malta 20.60 37.00
Netherlands 74.60 69.40

Norway 45.70 75.00
Poland 14.50 58.00

Portugal 16.50 67.70
Romania 9.50 55.80
Slovakia 4.20 62.60
Slovenia 10.30 64.30

Spain 17.70 57.60
Sweden 36.70 74.30
Turkey 3.50 27.00

UK 42.90 68.70
Source: EUROSTAT
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V. SIMULATING THE PROBABILITIES

1. Draw vectors of error terms from standard normal density (I work with
10000 draws per individual. I checked for the possible dependency of
probabilities on the number of repetitions using different number of
draws ranging from 10000 to 100000)

2. Think of the random errors as states of the world and using these values
of the errors, calculate the desired hours, required minimum hours and
utility levels for certain lengths of workweek for the individual (I think
of this step and the next as "sliding doors phase").

3. Apply the decision rule of the model. If 0-1 A-R simulator was used,
the probabilities will be ratio of the number of times that observed
state is obtained with random draws to the total number of draws.
However, with smoothed A-R, put the choice (a) and the alternative
(b) in the logit formula as follows (In a simple probit setting, for
example, "a" could be the utility from working for a worker and "b"
could be the utility from not working)

C =
ea/λ

(ea/λ + eb/λ)

where λ > 0 is a scale factor specified by the researcher (I set it to be
0.05- as this number gets closer to zero, smoothed A-R simulator gets
closer to 0-1 A-R estimator. I was using 0.005 initially which proved
to be problematic). Following figure illustrates the role of smoothing
parameter:

ex
p(

a/
λ)

/(e
xp

b/
λ)

+e
xp

(a
/λ

))

0

0.2

0.4

0.6

0.8

1

ab

Probability that a is greater than b

Figure A-4: Choice of the Smoothing Parameter
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4. I check if the individual is working or not working. For the non-
workers, the probability I am looking for is (1 − B) where B is the
probability that the individual desires to work positive hours, is de-
sired in the market and has higher utility from working her required
minimum hours than from not working, that is

B = Pr(h∗i > 0, wi < wmin, and U(hi = hmin) > U(hi = 0))

I check if given the draw of errors desired number of hours is positive
and if productivity of the worker is higher than the minimum wage. If
so I put the values corresponding to the utilities at zero hours and re-
quired minimum hours into the logit formula. Any function will work
here as long as it takes values between zero and one and increase with
”a” (in this case U(hi = hmin)) and decrease with ”b” (U(hi = 0)).
For the workers I am simulating the conditional pdf of hours of work
given that individual is working. This is a continuous object which I
discretize for simulation. Given the calculated desired and required
minimum hours and the utility levels at required minimum hours and
zero hours, I apply the decision rule in the model and see if the in-
dividual is working. If so hsimulated = max{h∗, hmin}. The choice
here is the absolute value of the distance between simulated working
hours and observed hours. Let us call it s. And the alternative
is 0.5. Basically if 0.5 is greater than the distance, s , that is, if
max{h∗, hmin} ∈ h+0.5, it is an accept. Then, when smoothed, the
value of C is e0.5/λ

(es/λ+e0.5/λ)
.

Figure A-5: Simulating Discretized Hours Distribution
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5. Repeat steps 2—3 for each pair of error draws and sum the C’s realized
at each repetition. Label the number of repetitions as R.

6. The simulated probability is the sum of C’s divided by the number of
repetitions, R.

43


