
Finnish Economic Papers 1/2005 – Mika Kuismanen

16

LABOUR SUPPLY AND INCOME TAXATION: ESTIMATION AND 
SIMULATION EXERCISE FOR FINLAND *

MIKA KUISMANEN 

European Central Bank, Research Department. Kaiserstrasse 29,  
D-60311 Frankfurt am Main, Germany. Email: mika.kuismanen@ecb.int

It is well known that the estimation of a labour supply function is complicated be-
cause of the non-linear budget constraint an individual faces. This non-linearity may 
arise from a variety of reasons - the structure of the tax/benefit scheme, overtime 
rates etc. Non-linearities also cause problems when it comes to interpreting the 
policy implications of the estimates. In this study we first estimate two well-struc-
tured econometric labour supply models which mimic the actual budget constraints 
as closely as possible. Utilising estimation results we construct a microsimulation 
model to analyse different income tax regimes and systems to the labour supply. Our 
simulation results show that none of the proposed reforms are self-financing. A rev-
enue neutral proportional tax system does not have major effects on labour supply. 
The biggest behavioural responses are achieved if we reduce the marginal tax rates 
from the lower end of the state income tax schedule. (JEL: H24, J22, C31).
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1. Introduction

The purpose of this paper is to provide results 
conserning labour supply behaviour in Finland. 
It is known that the economic theory does not 
give much prediction power on how taxation 
affects labour supply because it leaves the signs 
of substitution and income elasticities open, see 
e.g. Blundell and MaCurdy (1999). In addition, 
introducing different kind of welfare systems 
may create non-convex budget sets, and thus, 

certain areas of the budget constraint cannot 
correspond to the utility-maximising points. In 
many cases we do not even know if an increase 
in marginal tax rate will increase or decrease 
supplied hours. So, it seems that empirical re-
search is needed to give us information con-
cerning tax and benefit systems’ behavioural 
effects. 

Our paper compares two different empirical 
approaches to model labour supply behaviour 
when progressive income taxation is taken into 
account. We start by a conventional piece-wise 
linear method. In this approach we try to mimic 
the actual budget constraint as well as possible 
and then it is fully taken into account in the es-
timation procedure. The above approach means 
that the likelihood function takes into account 
the choice of hours over the entire exogenous 
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tax schedule removing the endogeneity problem 
which is present in the simpler approaches, like 
in the linearised budget constraint approach. 
This method has been criticised for various 
reasons (see Heckman, 1983). First, to mimic 
the budget constraints requires a lot from the 
data. Secondly, it is questionable if an econom-
etrician can measure the constraint accurately 
and if individuals really know the actual shape 
of it. 

To avoid the above mentioned problems 
but still allow the convex shape of the budget 
constraint we follow MaCurdy et al. (1990) to 
construct a differentiable budget constraint. 
The central idea is to approximate the actual 
piece-wise linear constraint by using continuous 
smooth polynomial function because it is un-
likely that an individual knows the exact shape 
of her budget set. Technically this approach 
means mimicing the tax schedule by fitting a 
polynomial function to the marginal tax rates. 
After integrating this function we get a differen-
tiable relation which approximates the amount 
of total taxes. This method is much easier to 
estimate since a purely continuous distribution 
describes the hours of work decision.

After estimating the labour supply function 
we incorporate the estimates into the micro-
simulation model to study behavioural con-
sequences of different tax reforms. It should 
be stressed that these estimates are the basic 
ingredients in our simulations and all policy 
conclusions will depend on them. We need a 
microsimulation model because the tax and 
benefit systems almost without an exception 
lead to situations where marginal tax rates differ 
across individuals. The other aspect is that the 
income distribution before and after the reform 
is not similar. As Hausman (1985) has written, 
in such circumstances a change in either the 
gross wage rate or parameters of the tax system 
may cause an individual to shift from one seg-
ment of the budget constraint to another and 
these movements cannot be captured without 
detailed knowledge of the labour supply curve 
for each individual. 

Finnish Labour Force (LFS) data for the year 
1989 is used in estimation and simulation. The 
sample consists of 2037 married females aged 
25 to 60. Income data for these females and 

their partners is drawn from the Tax Register 
Data and then merged with LFS. This gives us 
a rich data set to build budget constraints. Sub-
section 3.1 includes more thorough discussion 
on the data. As non-linearities mainly arise from 
the income tax system a short description of it is 
given in the beginning of section two. 

The paper proceeds as follows. In section 2 
we go through the econometrics of empirical 
specifications behind the piece-wise linear and 
differentiable budget constraints and present 
tax algoritms and final likelihood functions. 
In section 3 the data and estimation results are 
discussed. Results indicate that leisure time 
is a normal good and the compensated mean 
wage elasticity is around 0.21. Our results are 
in line with other empirical labour supply stud-
ies where taxation has been taken into account. 
Section 4 shows the simulation results. The big-
gest effects in terms of labour supply behaviour 
are achieved by reforms which cut marginal 
taxes at the low end of the income distribution. 
Our results indicate that none of the reforms 
we did are self-financing. Increases in labour 
supply are too moderate to offset reduced tax 
revenues. Section 5 concludes the paper.

2. Two estimation approaches  
for the labour supply function  
in the presence of non–linear 
budget constraint

In the case of linear income tax system (or 
when income tax is ignored) estimation of the 
labour supply function is straightforward. This 
is because the budget constraint an individual 
faces is linear and there can only be one util-
ity maximisation point (i.e. observed and opti-
mal hours lie on the same linear segment). This 
changes when non–linearity is present (progres-
sive income taxation). For example, when the 
consumer faces piece-wise linear budget con-
straint her observed and optimal labour supply 
may lie on different segments. This possibility 
has to be taken into account in estimation. We 
start by showing how this can be tackled by the 
construction of a tax algorithm which is then 
substituted to the likelihood function in the final 
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estimation stage. In subsection 2.2 below we 
introduce an alternative method where the tax 
algorithm is not needed even when we allow 
non–linear budget constraints. 

The Finnish income tax system in 1989 ba-
sically had two parts. A progressive state in-
come tax and a proportional local (municipal) 
income tax. In addition, individuals contribute 
to the National Pension Insurance scheme (1.55 
percent from the taxable income) and National 
Health Insurance scheme (1.25 percent from 
the taxable income), which are proportional to 
income changes. Roughly speaking, the tax li-
ability in state tax and municipal tax is the same 
excluding the tax deduction system. In 1989 
the state income tax schedule was composed of 
seven marginal tax rates varying from 0 to 44 
percent (thus having 7 tax brackets i.e. piece-
wise linear segments) and the municipality tax 
rate varied from 14 percent to 19.5 percent. We 
also have developed a formula to calculate the 
state tax deduction for all persons in the sample. 
Estimated tax deductions varied from 0 FIM to 
29 500 FIM. See also subsection 2.2 for an ex-
ample.

2.1 Piece–wise linear approach

In the case of a piece–wise linear budget con-
straint economic theory predicts bunching of ob-
servations (hours of work) at kink points (where 
marginal tax rate changes) or just below them. 
The reason is that if individuals increase their 
hours they will move to an upper tax bracket 
(or, for example, in the social security system 
they move to the point where the credit is taxed 
away) where they will face a higher marginal 
tax rate. Blundell, Duncan and Meghir (1998) 
provide an example where bunching was found. 
In Kuismanen (2002) it is shown that in the 
Finnish data bunching was not an issue. Moffitt 
(1986) states that if observations are distributed 
evenly across the budget sets it provides a rea-
son to introduce a measurement error term into 
the model. Naturally, there are also other rea-
sons to introduce a measurement error, such as 
reporting errors in measured hours. 

We start with a basic measurement error ap-
proach where the general labour supply func-

tion can be written as hi = hi
* (wi, yi, zi; α, β, γ) 

+ εi. α, β and γ are parameters to be estimated. 
Vector z includes individual characteristics (e.g. 
socio-economical and demographic variables) 
and the variables w and y represent the marginal 
wage and virtual (non–labour) income variables 
correspondingly. ε represents the measurement/
optimisation error. Subindex i denotes the in-
dividual. 

In the statistical model we have to calculate 
the densities of hi and this naturally requires 
evaluation of the maximum utilities received 
on each linear segment of the budget constraint. 
More formally, we now write the problem as

The optimal supply of hours h* can be found 
from the segment k (k = 1, . . . , n), if 

Intuition behind this calculation rule is the fol-
lowing: after calculating the slope of the indif-
ference curve from the direct utility function1 
we replace consumption c (= wkh + yk) by indi-
vidual’s income (calculated for all the segments) 
and then equate the slope of the indifference 
curve and the marginal wage wk corresponding 
to that segment. The algorithm iterates as long 
as this condition is satisfied. If in some cases 
we cannot find the solution we start to look for 
it from the kink points.

Optimum h* is found from the kink point Hk 
(k = 1, . . . , n – 1), if

1 Note that one can always derive indirect and direct 
utility functions from the labour supply function or vice 
versa.
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and

Another way to express the above condition 
is that the optimum can be found from the Hk 
when the slope of the indifference curve is big-
ger than or equal to wk+1 and the slope is smaller 
than or equal to wk .2 

The above formulation shows how optimal 
hours can be calculated under the progressive 
income taxation when the following aspects are 
known: tax schedule, hourly wage, exogenous 
(non–labour) income and the shape of the la-
bour supply function (or correspondingly the 
form of the direct utility function). 

Despite the fact that h* can be calculated 
quite easily in the convex case the maximisation 
of the (log) likelihood function is not straight-
forward because h* is not always a well–behav-
ing function in respect to the parameters. First, 
the log–likelihood function is not differentiable 
everywhere (kink points) and secondly there 
can be parameter values where the function 
becomes flat. This can become a serious prob-
lem if there is not enough variation between the 
budget sets.

In the above discussion we did not make 
any specific assumptions about the stochastic 
specification i.e. we assumed that all variance 
in hours conditional on covariates is measure-
ment/optimising error.3 This means that prefer-
ences are assumed to be non–stochastic i.e. all 
variation in preferences is only due to observ-
able personal characters (i.e. regressors). This 
is the usual procedure adapted by researchers, 
at least when using cross–sectional data sets. 
In the context of labour supply we might think 

that there exist different sources of stochastic 
disturbances. First, the usual measurement error 
interpretation implies that the parameters to be 
estimated are the same for all individuals, so 
there is only one utility maximising choice in 
the population (this is probably a questionable 
outcome). Second, there might exist random-
ness in preferences which is not captured by the 
variables we include in our regression function. 
As Moffitt (1986) argues it is reasonable to ex-
pect that at least some amount of the observed 
distribution of observations over the budget 
constraint is a result of heterogeneous prefer-
ences. It is natural to think that both aspects 
are relevant in the context of labour supply. See 
Hausman (1985) for the other possible sources 
of stochastic disturbances. 

The two different stochastic elements men-
tioned above have different implications for the 
data. In the standard measurement/optimisa-
tion error approach the observations should be 
distributed evenly over the whole budget con-
straint, as in the case of heterogeneity of pref-
erences we should find clusters of observations 
at the kink points (in the case of convex budget 
constraint). In theory, the model which only in-
cludes a heterogeneity term is possible, but not 
a very appropriate one for the most applications 
because it is unlikely that all observations are 
clustered to the kinks. Although empirical evi-
dence shows some clustering (especially in the 
cases of big changes in marginal tax rates) it is 
not usually strong enough to leave the meas-
urement error term without modelling. One 
relatively easy way to proceed is to estimate 
the model with a random preference term and 
then test if its variance is different from zero. 

2 For the completeness we can show that the optimum 
can be found from the zero hours h = 0 
if 

h* (w1, y1, z; α, β, γ)  0

or correspondingly from the maximum hours h = Hn , if 

h* (wn, yn, z; α, β, γ)  Hn .
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interpretation is that the positive observed hours are meas-
ured with error. In this case one must choose the density 
function which ensures that reported hours of work are al-
ways positive with a feasible ε. The second interpretation 
is the optimisation error which reflects the degree to which 
individuals  ̓actual hours of work deviate from their desired 
hours. Thus, it is possible to observe that some individuals 
are not working even though their desired hours are strictly 
positive because a realisation of ε causes measured hours 
to be non-positive. Most studies made are consistent with 
this latter interpretation.
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One further motivation for including the het-
erogeneity term is that in the cross–sectional 
studies one finds a large amount of unexplained 
variance. 

Let us now write the labour supply funcion as 
follows (note that we have dropped subindex i 
for notational simplicity) 

(1)  h = h* (w, y , z , η; α, β, γ) + ε, 

where the expression for the desired/optimal 
hours h* (below semi-logarithmic expression 
as in estimation) now includes the additive ran-
dom variable η

(2)  h* = αlnw + βy + γz + η.

Maximum likelihood estimation requires the 
specification of these two stochastic terms (η, 
ε). We assume that they are independently nor-
mally distributed as 

The reason for the independence assumption is 
the following. If we interpret the terms as het-
erogeneity and measurement (or optimisation) 
error, there are no reasons to expect them to be 
generated from a joint process. 

In principle we can introduce the unobserved 
heterogeneity in many different ways. The most 
common solution in the literature has been to 
allow substitution or income elasticity to vary 
across individuals. We allow the constant term 
to vary between individuals because of the 
following reasons. We do not want a priori to 
restrict the signs of substitution or income ef-
fects. As an example, in the most used approach 
truncated normal distribution is used to force 
the substitution elasticity to be positive. Our 
strategy leads to a nonrestrictive specification 
without any theory based restrictions. 

In this two random term model the algorithm 
to find the optimal amount of labour supply can 
be constructed in the following way. Optimum 

h* can be found from the segment k(k=1,...,n) 
if 

ηkl < η < ηku 

where

ηkl = Hk – 1 – αlnwk – βyk – γz 
ηku = Hk – αlnwk – βyk – γz.

Above the subindex l indicates the lower limit 
of the segment k and respectively the subindex 
u indicates the upper limit of the segment k. To 
derive expressions for kinks is straightforward 
and not shown here. 

We can now express the corresponding prob-
abilities using the integrals. For example, the 
probability that the optimum is located on the 
second segment is 

Next we proceed to likelihood functions used 
in estimation.4 As above, we first start from the 
approach where we do not allow any individual 
heterogeneity and the error term is interpreted 
to be an optimising or measurement error. Ob-
served hours h may then deviate from the de-
sired hours h* by the amount of the optimising 
or measurement error ε, thus h = h* + ε. We as-
sume that ε ∼ N (0, σ2

ε ) and that E (ε⎪h*) = 0.
It is natural to think that observed hours are 

generated by the following generalised Tobit–
model 

h = 0   if h* + ε = 0 
h = h* + ε  if 0 < h* + ε < Hn 
h = Hn   if h* + ε  Hn

4 We do not derive here the likelihood function in the case 
of unobserved heterogeneity due to space limitations. It is 
available from the author upon request. Similar technique is 
also used in Blomquist (1983) and Pudney (1989).
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where i belongs to index set � when � = 0, i belongs to index set � when

0 � � � ��, i belongs to index set � when � � ��, and �(·) is Standardised
Normal Density Function and �(·) is Cumulative Normal.

4We do not derive here the likelihood function in the case of unobserved heterogeneity due

to space limitations. It is available from the author upon request. Similar technique is also
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and the corresponding Likelihood Function can 
now be written as 

(3)

where i belongs to index set A when h = 0, i be-
longs to index set B when 0 < h < Hn, i belongs 
to index set C when h  Hn, and φ(.) is Stand-
ardised Normal Density Function and Φ(.)is 
Cumulative Normal.

The first part of the likelihood function cor-
responds to individuals whose observed hours 
are zero. The second part corresponds to those 
individuals whose observed hours are in one of 
the segments or kink points (in estimation the 
tax algorithm operates here) and the third part 
corresponds to those whose observed hours are 
at maximum. Note that the second part without 
tax algorithm would only be used in the simple 
linear case. 

The next step is to construct the likelihood 
function with two random terms. This is de-
manding because the level of labour supply is 
an outcome from the two random terms i.e. we 
have to take into account all the combinations 
which can produce a certain level of hours. 

As motivated earlier the stochastic specifi-
cation is important when we face non–linear 
budget constraints and the error term has a more 
specific interpretation in these models. The most 
important drawback in the measurement/optimi-
sation error model is its restrictiveness to the la-
bour supply responses. For example, according 
to the theory a change in the marginal tax rate in 
the case of a convex budget set would have an 
identical zero effect on the labour supply for all 
individuals not located on that segment (when 
we do not take income effects into account). In 
other words, a change in the slopes of the other 
segments do not have any behavioural effects. 

We want to stress that η is not estimated for 
all individuals separately because this would re-
quire the estimation of more parameters than we 
have observations. We estimate the parameters 
of the distribution function of η. Each person’s 
η is considered to be a random drawing from 

this distribution. In our case we assume that η 
follows the normal distribution with (0, σ2

η) and 
when it is uncorrelated with ε we can derive the 
following likelihood function in the case of two 
additive random terms.

In the above likelihood function the first term 
corresponds to the probability that an individu-
al’s worked hours are zero. The second term 
corresponds to the case where the optimum lies 
in some segment and the third term corresponds 
to the case where the optimum can be found 
from some of the kink points. The last term cor-
responds to the case where an individual works 
the maximum amount of hours. Note again that 
the corresponding tax algorithm will operate in-
side this likelihood function in estimation.

2.2 Differentiable Budget  
Constraint Approach

The differentiable budget constraint technique 
was first introduced by MaCurdy et al. (1990) 
and our presentation will follow it with suitable 
modifications to take into account the Finnish 
tax system. The intuition behind this method 
is to approximate the tax schedule by fitting a 
function to the marginal tax rate. After integrat-
ing the marginal tax function we get a differen-
tiable relation approximating the amount of to-

Above the subindex l indicates the lower limit of the segment k and respec-

tively the subindex u indicates the upper limit of the segment k. To derive

expressions for kinks is straightforward and not shown here.

We can now express the corresponding probabilities using the integrals. For

example, the probability that the optimum is located on the second segment is

��(�� �� �� ������� 2) =

Z �2�
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µ
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Next we proceed to likelihood functions used in estimation.4 As above, we

rst start from the approach where we do not allow any individual heterogeneity

and the error term is interpreted to be an optimising or measurement error.

Observed hours � may then deviate from the desired hours �� by the amount

of the optimising or measurement error �, thus � = �� + �. We assume that

� � �(0� �2�) and that �(�|��) = 0.
It is natural to think that observed hours are generated by the following

generalised Tobit—model

� = 0 if �� + � = 0

� = �� + � if 0 � �� + � � ��

� = �� if �� + � � ��

and the corresponding Likelihood Function can now be written as

� =
Y
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·
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���

·
1��

µ
�� � ��

��

¶¸
� (3)

where i belongs to index set � when � = 0, i belongs to index set � when

0 � � � ��, i belongs to index set � when � � ��, and �(·) is Standardised
Normal Density Function and �(·) is Cumulative Normal.

4We do not derive here the likelihood function in the case of unobserved heterogeneity due

to space limitations. It is available from the author upon request. Similar technique is also

used in Blomquist (1983) and Pudney (1989).
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In the above likelihood function the rst term corresponds to the probability

that an individual’s worked hours are zero. The second term corresponds to the

case where the optimum lies in some segment and the third term corresponds

to the case where the optimum can be found from some of the kink points.

The last term corresponds to the case where an individual works the maximum

amount of hours. Note again that the corresponding tax algorithm will operate

inside this likelihood function in estimation.
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take account of the Finnish tax system. Intuition behind this method is to ap-

proximate the tax schedule by tting a function to the marginal tax rate. After

integrating the marginal tax function we get a di�erentiable relation approxi-

mating the amount of total taxes paid as a function of taxable income.

Let us introduce some new notation. Denote by �(�) taxable income at �

hours of work and by� [�(�)] the marginal tax rate function. Now, for example,

the simplied three bracket income tax system can be presented in the following

way:
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tal taxes paid as a function of taxable income. 
Let us introduce some new notation. Denote 

by I(h) taxable income at h hours of work and 
by M [I (h)] the marginal tax rate function. 
Now, for example, the simplified three bracket 
income tax system can be presented in the fol-
lowing way:

M [I (h)]    = t1   [from I (H0) to I (h1)]
     = t2   [from I (H1) to I (h2)] 
     = t3   [above I (H2)] 

where Hi denotes the kink points where mar-
ginal tax rates ti change. To approximate the 
marginal tax rate schedule the function must 
closely fit the step function presented above and 
it still should be differentiable at the step points 
(i.e. kink points). MaCurdy et al. suggested a 
following kind of approximation

(4)

where Φi (I (h)) denotes the cumulative normal 
distribution function evaluated at the income lev-
el I(h) with mean i and variance σ2

i. The idea 
is that the difference Φi (I (h)) – Φi + 1 (I (h)) 
takes the value of one over the range where ti 
is relevant and zero elsewhere. Now, we can 
control this by adjusting the mean and the vari-
ance. Adjusting the mean we can control the 
moment when the value of one begins and ends, 
and by adjusting the variances we can control 
how quickly this happens. The trade–off here is 
the smoothness of transition against the preci-
sion. pi (I (h)) are the polynomials in income. 
For example, in the Finnish case in 1989 there 
were 7 tax brackets, so we can set K = 7 and Pi 
is the marginal tax rate ti associated with the ith 
tax bracket. 

To see how the above presented generalisa-
tion works let us go back to our simplified three 
bracket tax schedule discussed above. In this 
case we have three marginal tax rates ti < t2 < t3,  
so we have “three segments to smooth out”. We 
can now write our approximation function using 
the above notation for this problem as

So, the first segment has a height t1 (can be 
thought as a flat line with a height t1) and thus 
the corresponding taxable income is from I (H0) 
to I (H1). This feature is captured by parameter-
ising Φ1 (I (h)) with mean 1 = I (H0) and cor-
respondingly Φ2 (I (h)) with mean 2 = I (H1). 
The first distribution function I (H0) takes value 
of one above the income level I (H0) and zero 
elsewhere and the second distribution function  
I (H1) takes value of zero below the income lev-
el I (H1) and then switches to one above it. So 
the difference of these functions is one between  
I (H0) and I (H1) and zero elsewhere and corre-
spondingly for all the other ranges. So, we can 
control the switch from zero to one (and vice 
versa) by adjusting the means. How quickly 
these switches will take place depends on the 
values given to the variances. 

In 1989 Finnish marginal tax rates varied 
from zero to 44 percent including 7 tax brackets 
and the tax exemption level was 36 000 FIM. 
To put the income tax system into the described 
framework concerning differentiable budget 
constraints we get the following three parts. 
Part one is valid from zero income up to 36 
000 FIM and the tax rate for this range is equal 
to the individuals local tax rate tl. In the second 
part income ranges from 36 000 FIM up to 250 
000 FIM where the tax rate is the local tax rate 
plus the monotonically increasing marginal tax 
rate ti , i = 1, ..., 7. The third part is for the in-
comes over 250 000 FIM. In this case the tax 
rate is the local tax rate plus the federal tax rate 
of 44 percent. 

So, according to given information we can 
write the approximation for the marginal tax 
rate function in the Finnish case as:

(5)

where F (I) is a polynomial in taxable income 
which approximate the increasing tax rates from 
36000 FIM to 250000 FIM. 

Approximation of F (I) is done by running 
the following ordinary least squares regression

� [�(�)] = �1 [from �(�0) �� �(�1)]

= �2 [from �(�1) �� �(�2)]

= �3 [above �(�2)]

where �� denotes the kink points where marginal tax rates �� change. To ap-

proximate the marginal tax rate schedule the function must t the step function

presented above closely and it still should be di�erentiable at the step points

(i.e. kink points). MaCurdy et al. suggested a following kind of approximation
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This feature is captured by parameterising �1(�(�)) with mean �1 = �(�0) and

correspondingly �2(�(�)) with mean �2 = �(�1). The rst distribution function

�(�0) takes value of one above the income level �(�0) and zero elsewhere and

the second distribution function �(�1) takes value of zero below the income level

�(�1) and then switches to one above it. So the di�erence of these functions

is one between �(�0) and �(�1) and zero elsewhere and correspondingly for all

the other ranges. So, we can control the switch from zero to one(and vice versa)

by adjusting the means. How quickly these switches will take place depends on

the values given to the variances.

In 1989 Finnish marginal tax rates varied from zero to 44 percent including

7 tax brackets and the tax exemption level was 36 000 FIM. To put the income

tax system into the described framework concerning di�erentiable budget con-

straints we get the following three parts. Part one is valid from zero income up

to 36 000 FIM and the tax rate for this range is equal to the individuals local

tax rate ��. In the second part income ranges from 36 000 FIM up to 250 000

FIM where the tax rate is the local tax rate plus the monotonically increasing

marginal tax rate ��� � = 1� ���� 7� The third part is for the incomes over 250 000

FIM. In this case the tax rate is the local tax rate plus the federal tax rate of

44 percent.

So, according to given information we can write the approximation for the

marginal tax rate function in the Finnish case as:
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where � (�) is a polynomial in taxable income which approximate the in-

creasing tax rates from 36000 FIM to 250000 FIM.

Approximation of � (�) is done by running the following ordinary least
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(6)  ti = ξ0 + ξ1Ii + ξ2Ii
2 + ξ3Ii

3

where ti is the marginal federal tax rate. So we 
create a variable which increases by 100 FIM 
starting at 36 000 FIM and ending at 250 000 
FIM. In other words we create 2140 equally 
spaced combinations (ti, Ii). After estimation, 
we can use the estimates from this third-degree 
polynomial approximation to specify the above 
equation to be 

F (I) = –1219 + tl + 7.46 × 10–6 I – 3.80 
           × 10–11 I2 + 6.46 × 10–17 I3, 

where tl is the local tax rate. Our model ex-
plains 95 percent of the variance in marginal 
tax rates.5 

Plugging the formula estimated above into 
the marginal tax rate function and integrating 
it with respect to the income, we can derive a 
formula which approximates the amount of total 
taxes paid. 

(7)

From this expression it is relatively straightfor-
ward to derive the final form used in estimation. 
We just need to find analytical solutions to it 
and this can be done by calculating the above 
integrals.6

This differentiable approach is more straight-
forward than the piece–wise linear one since 
a purely continuous distribution describes the 
hours of work and no tax algorithm is needed. 
The intuition behind this differentiable approach 
follows the idea presented by Hall (1973). We 
can think marginal wage rate and virtual income 
as functions of working hours. Hall’s idea was 
to linearise the actual non-linear budget con-
straint at the observed hours. The implied slope 
of this linearised constraint is the marginal 
wage rate and the intercept of the vertical axis is 
the virtual income. In other words, utility max-
imisation implies a solution for hours of work 
which can be written in the form of an implicit 
equation, h = f [w(h), y (h)]. By applying the 
Implicit Function Theorem to it we can solve 
this equation for h and hence derive the labour 
supply. Here the same idea is used, still allow-
ing for non–linearities.

3. Estimation results

3.1 Data

Our study utilises the Finnish Labour Force 
(LFS) survey data. It is a cross–section data in-
cluding individuals of age between 15 and 64. 
In the first stage the sample is drawn from the 
Finnish Population Census using geographical 
weights. After that the LFS sample is drawn 
randomly by age and gender. In 1989 data, the 
sample size is 7820 individuals. From this we 
selected females and were left with 4124 obser-
vations. For the empirical analysis we selected 
married women aged 25–60. We also deleted 
some groups like farmers and self–employed 
mainly because different tax and social security 
legislation. The final sample size used in this 
study is 2037 observations. 

The income data of the corresponding indi-
viduals in the LFS is drawn from the Tax Reg-
ister Data and then merged with the LFS. The 
income information is not based on the survey7 
data and it includes approximately 70 vari-5 We experimented using other combinations of (ti, Ii), but 

the above specification produced the best approximation.

6 As an example ∫ΦdI = I Φ + φ etc . For the technique 
see Dudewicz and Mishra (1988).
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7 LFS data set also includes some information about 
an individual s̓ financial situation. See also Kuismanen 
(2002)
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ables on an individual’s earnings. Of course, 
it is very unlikely that someone’s earnings are 
composed of all these components. However, 
the data shows that individuals’ earnings come 
from very different sources. Actually, for some 
individuals traditionally used income variables 
do not play any role at all. The income data also 
includes the same 70 variables for the spouse, 
so all in all we have approximately 140 vari-
ables for married individuals to construct the 
budget sets. Detailed information on how cru-
cial variables like working hours, wages and 
exogenous incomes are calculated can be found 
in Kuismanen (2002). 

Next we will shortly comment the main fea-
tures of the data (see also the appendix), and a 
comprehensive data description can be found 
in the appendices 2, 3 and 4 to chapter 2 in 
Kuismanen (2002). The participation rate in 
the selected sample is 72 percent. Unemploy-
ment rates vary geographically and the figures 
are lowest in the Helsinki metropolitan area and 
highest in the eastern and northern part of the 
country. The average unemployment rate is 3.2 
percent. Blue–collar workers are more likely to 
have zero-hour observations than white–collar 
ones and women with two young children have 
the highest probability to be out of work. In the 
data the participants are slightly younger than 
the non–participants and they are also better 
educated. It also seems that the likelihood of 
being a non–participant increases if the spouse 
is also a non–participant.

3.2 Results

The reason for estimating three different speci-
fications is twofold. First, due to the large vari-
ety of results depending on the approach used 
and labour supply function specifications in the 
literature, we want to explore if in the Finnish 
case the results are approach and specification 
dependent. Secondly, and related to the above, 
all policy conclusions will depend on the es-
timated parameters and thus we want to be as 
secure as possible about our results. We do not 
present the results from the unobserved hetero-
geneity model because the heterogeneity term 
was not statistically significant and the rest of 

the covariates were very much in line with those 
reported below. It is also much simpler to build 
a behavioural microsimulation model when we 
have to deal only with one stochastic term.8

Our data set does not include direct informa-
tion on individuals’ hourly wage, thus we have 
to construct it using the income and the hours 
of work variables. This means that the possible 
bias in the hours of work variable shifts also 
into the marginal hourly wage rate. For exam-
ple, if worked hours are smaller than the cor-
rect value then the hourly wage rate becomes 
too high. To get rid of this bias we estimate the 
log–wage equation using Heckman’s method 
and the predicted values are used in the final 
analysis as an instrument for the hourly wage 
rate (see the appendix). For working hours we 
use regular reported weekly working hours also 
taking into account the regular hours in the sec-
ond job. When calculating the exogeneous in-
come term we took into account the following 
components: interest rates (both taxable and 
nontaxable), dividend payments, sales profits, 
regular untaxable pensions, other regular sub-
sidies etc. From all the components which are 
taxable we have subtracted the corresponding 
amount of taxes paid, i.e. our constructed vari-
able measures net exogenous incomes. 

We have chosen the semilogarithmic labour 
supply function with measurement/optimisation 
approach as our representative model. This is 
because we have previously estimated labour 
supply functions using the same data as here 
with different functional specifications and 
with different unobserved heterogeneity as-
sumptions and the chosen specification seems 
to work well. 

As can be seen from table 1, our results be-
tween the two estimated models are almost 
identical. For example, income elasticities are 
identical in both models. In the case of com-
pensated wage elasticity the differentiable ap-
proach gives a slightly higher elasticity (0.215), 
compared to the piece–wise linear approach 
(0.21). Practically speaking these elasticities 
are the same in both models. If we look at the 
other covariates, the situation changes hardly 

8 Results are available from the author upon request.



Finnish Economic Papers 1/2005 – Mika Kuismanen

25

at all. Thus, it can be concluded that, at least in 
our case (with the same data and labour supply 
function specifications), both approaches seems 
to work similarly. 

parison to our paper due to the similar tax and 
other institutional systems in Sweden. Their 
analysis deals with male labour supply and the 
data set is drawn from the Swedish Household 
Market and Non–Market Activities Survey 
(HUS) for the year 1984. The results indicated 
that the differentiable and piece–wise linear ap-
proaches produced almost identical results. Ac-
cording to the authors the results might depend 
on the degree of progressivity in a way that, 
in the presence of high degree of progressiv-
ity, methods are likely to produce similar re-
sults and when the tax system has only few tax 
brackets then the differentiable approach might 
function better. Their results are very similar 
to the results by Blomquist (1983) as well as 
by Blomquist and Hansson–Brusewitz (1990) 
who also used Swedish data with a high degree 
of progressivity in the tax system. 

It is clear that our result is not a proof that 
these methods work similarly in the presence of 
high degree of progressivity, but together with 
the above mentioned studies it gives a strong 
indication that this might be the case. If we go 
back to section 2 it can be seen that introducing 
a very high degree of progressivity to the piece–
wise linear approach leads to a case where the 
shape of the budget constraint actually becomes 
more and more like a differentiable constraint.

4. Simulation results

When calculating optimal labour supply re-
sponses a behavioural model of labour supply 
is needed (the minimum requirement is the 
knowledge of the marginal wage rate and the 
exogenous income terms). We use the estimates 
from the piece-wise linear model in our simula-
tions.9

Table 1. Results for the labour supply functions

Maximum Likelihood Estimates

Asymptotic Standard Errors in Parenthesis

Variables Piecewise linear Di�erentiable

budget constraint budget constraint

Constant -2.57905 -2.70210

(0.55650) (0.55474)

Ln W 0.37046 0.39121

(0.12135) (0.12444)

Exog. inc -0.00045 -0.00045

(0.00022) (0.00020)

Cdum1 -0.33917 -0.33823

(0.09948) (0.0990)

Cdum2 -0.00487 -0.00482

(0.10437) (0.10431)

Cdum3 0.09616 0.09601

(0.10050) (0.10049)

Cdum4 0.14310 0.14310

(0.07690) (0.07688)

Age 0.16118 0.16144

(0.02484) (0.02488)

Age2 -0.00227 -0.00229

(0.00028) (0.00028)

Sosio 0.19945 0.19912

(0.09521) (0.09567)

Nchild -0.08419 -0.09011

(0.03235) (0.03239)

�2� 0.98208 0.96998

(0.01907) (0.01918)

Ln L -2669.61 -2675.56

Note: In both models above, dependent variable(yearly hours) is divided by 1000. The

exogenous income variable contains only own exogenous income components(net) and it is

divided by 100.

30
What is the evidence from other studies? As far 
as we know, there are two similar studies. In the 
MaCurdy et al (1990) paper they found that, in 
the case of the piece–wise linear approach, the 
estimates implied larger responses than the dif-
ferentiable approach. They used U.S. data from 
1976 (PSID; 1017 prime–aged males). This data 
set is almost the same as in Hausman’s (1980) 
original study but the findings differ. Even in 
the piece–wise linear approach MaCurdy et al. 
find much more modest labour supply responses 
than Hausman. 

The other similar study by MaCurdy and 
Flood (1992) is more likely to be a better com-

Table 1. Results for the labour supply functions

Note: In both models above, dependent variable (yearly 
hours) is divided by 1000. The exogenous income variable 
contains only own exogenous income components(net) and 
it is divided by 100.

9 For non-participants in the sample, the budget cos-
traint is modelled using a predicted gross wage rate from 
an estimated wage equation. This allows us to generate a 
complete set of budget constraints under both the base-
line tax system and the reformed system for all sample data 
points. In the case of non-participants the gross wage that 
they would face if they worked and the estimated stochas-
tic error term of their preferences are both unknown. For 
participants these problems do not occur since the wage 
rate is observed and the stochastic term is taken to be the 
estimated residual.
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4.1 Results from the different  
income tax regimes

In this subsection we will study the “properties” 
of our simulation model. We use our estimated 
labour supply function to calculate the labour 
supply reactions and deadweight losses between 
different income tax systems. In all the calcula-
tions we use the simulation results from the 1989 
progressive income schedule as our baseline and 
simulation results are presented as percentage 
changes from that baseline. We want to stress 
that all reforms are made using the 1989 case 
as the baseline and that absolute values are not 
very informative in today’s respect but the direc-
tion of changes is. It also has to be kept in mind 
that we do not argue that our behavioural model 
underlying the simulation results is definitely 
valid in today’s world (or in the 1989 world ei-
ther), but it still provides us, together with the 
simulation framework, the best available tools to 
analyse income tax reforms in Finland. 

Our analysis is of partial equilibrium type and 
thus only the supply side effects can be derived. 
So, we are not able to answer any demand side 
questions like what the effect will be  of lower-
ing the social security and pension contributions 
paid by the employers. It also has to be remem-
bered that our calculations are based on a repre-
sentative sample of married females aged 25–60. 
A fair amount of empirical research supports the 
view that female labour supply is more flexible 
than male labour supply and this also seems to 
be the case in Finland (see Kuismanen, 1995).

We start by comparing the actual income tax 
system to the proportional tax system yielding 
the same tax revenue, to the lump–sum tax sys-
tem with the same the tax revenue and to the 
no–tax case. There are several ways to calculate 
deadweight losses and for a good presentation 
see Hausman (1981). We use the definition, 
CV – T , where CV stands for the compensated 
variation and T denotes the tax collected at an 
individual’s optimum position. 10 

In a standard case the deadweight loss in-
creases as the marginal tax rate increases, so 
it is interesting to calculate the average dead-
weight loss for a sample of Finnish females 
between progressive income tax system and 
proportional income tax system. The results are 
shown in table 2. 

10 The compensated variation is the lump-sum income 
necessary to increase an individual s̓ utility to the level that 
would e obtained if there were no taxes. An other possibility 
to define deadweight loss is CV – Tc, where tc is the tax that 
would be collected at the compensated optimum. Results did 
not differ significantly between the methods. 

11 According to the calculations of the Taxpayers Asso-
ciation of Finland, the average worker paid a 27 percent 
marginal tax rate in 1996 for extra income.

Table 2. Simulation results: Di�erent income tax systems.

Baseline: Progressive income tax

Tax system %- change in Participation Deadweight

average hours rate loss(2)

of work(1)

Prog.tax(baseline) - 0.72 14.8%

No tax 13.3% 0.76 -

Lump-sum tax 17.0% 0.77 0

Prop. tax (0.28) 2.5% 0.72 4.8%

Note: (1) Percentage changes in average hours of work relative to the baseline simulation

(progressive tax system)

(2) Deadweight loss is calculated as a percentage of tax revenue
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Table 2. Simulation results: Different income tax system.

Note: (1) Percentage changes in average hours of work rela-
tive to the baseline simulation (progressive tax system)
(2) Deadweight loss is calculated as a percentage of tax 
revenue

As can be seen from the table, the progressive 
income tax decreases hours of work by ap-
proximately 13 percent compared to the no tax 
case and the deadweight loss of the progres-
sive income tax is 15 percent of tax revenue. 
Naturally, the no tax case does not create any 
deadweight loss. Our calculations show that 
the proportional tax rate to collect the same tax 
revenue as in the baseline case would be 28 per-
cent in our sample.11 If the proportional tax had 
been used then the deadweight loss would be 
approximately 5 percent according to our calcu-
lations and labour supply would be 2.5 percent 
higher than in the actual progressive case. The 
calculations imply that moving to proportional 
tax system does not increase labour force par-
ticipation (only 4 cases) and the labour supply 
effects come mainly from the upper end of the 
income distribution. Losers and winners are 
easily identified. High income earners will gain 
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most. By symmetry, the biggest losers are the 
very low income earners. 

In practise, a lump–sum tax is not interesting 
for real life purposes but it provides us with a 
benchmark case of a tax system which creates 
zero deadweight loss. A lump–sum tax has only 
an income effect and if leisure time is a normal 
good, as according to our results it is, then the 
labour supply should be higher than in the no 
tax case, which is also confirmed by our results. 
It is interesting to note that labour force partici-
pation increases by 5 percentage points and the 
percentage change in the average hours of work 
is 17 percent. The individuals entering labour 
force are willing to work relatively few hours 
per year (all would like to work less than 350 
hours) and thus only some 2.5 percent of the 
increased hours is explained by these new en-
trants and the rest is explained by those already 
working but also they are willing to increase 
their hours of work. 

Related to the Finnish tax debate it is inter-
esting to calculate out how labour supply reacts 
when we change marginal tax rates by the same 
percentage points throughout the tax schedule. 
From the baseline case we decrease and increase 
the marginal tax rate by 2,4 and 6 percentage 
points in turn. In these reforms we have only 
changed the state income tax schedule, while all 
the other components were left unchanged. 

Percentage changes in mean hours and mean tax 
revenue relative to the baseline are bigger when 
decreasing the marginal tax rates. The main 
reason for this is that tax reductions encourage 
more people to enter the labour market than tax 
increases lead people to step out. 

Comparing the results above to the case 
where a proportional income tax system is used 
is interesting. We use our proportional income 
tax system with a 28 percent tax rate as a bench-
mark. We simulate labour supply reactions after 
changing the proportional tax rate to 22, 24, 26, 
30, 32 and 34 percent, respectively. Note that 
these changes are not that small, for example 
a reduction in the marginal tax rate from 28 to 
26 percent represents a 7.2 percent reduction in 
the tax rate. Similarly, increasing the marginal 
tax rate from 28 to 34 percentage points rep-
resents a 21.5 percent increase in the tax rate. 
Our main findings are that labour supply and tax 
revenue reactions are smaller under the propor-
tional tax system. This relates to our previous 
discussion about the shape of the budget con-
straint and individuals’ distribution on it. In the 
case of non–linear budget sets small changes in 
marginal tax rates may lead to jumps from one 
budget segment to another. This confirms that 
ignoring the actual shape of the budget sets may 
lead to misleading results.

4.2 Results from the tax reform proposals

The most frequently suggested reform is that 
marginal tax rates should be reduced by one per-
centage point throughout the tax schedule. The 
rationale behind this suggestion is its simplicity 
and its acceptability. It has also been suggested 
that this moderate reform will open the way for 
more “radical” reforms in the future. 

When comparing the results to the baseline 
case we see hardly any changes in the behav-
iour. The increase in the mean hours is only 1.8 
percent from the baseline and the reduction in 
the mean tax revenue is approximately 5 per-
cent. Again, this reform has only a limited ef-
fect on labour force participation. All in all, if 
we focus only on labour supply effects, reduc-
ing the marginal tax rates by one percentage 
point will not make any major difference. 

Table 3. The e�ects of a change in the progressive income tax rate

Relative to Baseline

Percentage

change in -6 -4 -2 2 4 6

Mean hour 7.5% 6.1% 4.0% -1.0% -3.1% -5.0%

Mean tax revenue -31.3% -19.0% -8.9% 7.8% 15.4% 22.7%
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Table 3. The effects of the change in the progressive income 
tax rate

The first and the most important result is that 
the increase in hours is not big enough to com-
pensate for the reduction in tax revenues. Al-
though the result is expected, it is still important 
because some discussants have indicated that 
such a tax reduction would increase tax rev-
enues in Finland. Secondly, it is also interesting 
to note that tje reactions are not symmetrical. 
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It has frequently been suggested that the big-
gest effects to labour supply are achieved when 
marginal tax rates are cut from the bottom of 
the tax schedule. The intuition behind this is 
that individuals who do not earn much are will-
ing to increase their hours of work if their net 
wage increases. In other words, for them the 
substitution effect dominates more than for high 
income earners.12 Also, for entrants to the la-
bour market, the new net wage might be higher 
than the reservation wage even if this was not 
the case before the reform. 

We proceed by reducing marginal tax rates 
in the three lowest segments. In the two lowest 
segments, the reduction is 4 percentage points 
and in the third segment it is one percentage 
point. Results from this simulation are quite 
interesting. First, this reform seems to have a 
reasonably large effect on labour force partici-
pation, which increases by 4 percentage points. 
As above, individuals who would be willing 
to enter the labour market are willing to work 
quite a few hours per year. The percentage 
change in mean hours relative to the baseline 
case is 8.8 percent and the main response comes 
from individuals whose net incomes are in the 
lowest three deciles. Their working hours are 
also located at the lower end of the hours dis-
tribution. This reform had only a small impact 
on the labour supply of the individuals whose 
incomes were above the median. Although this 
reform seems to have some attractive features 
the percentage loss in mean tax revenue is still 
approximately 12 percent. 

In our third reform we want to study what the 
labour supply effects are when the top marginal 
tax rate is reduced. In the baseline case the top 
marginal tax rate is 44 percent and the second 
highest marginal tax rate is 37 percent if the 
taxable income is over 140 000 FIM. Now, we 
have changed the tax schedule in a way that the 
highest marginal tax is going to be 35 percent 
for all individuals whose taxable income ex-
ceeds 140 000 FIM. 

This reform is related to the discussion that 
the highest marginal tax rates are at a level that 

prevents individuals from increasing their hours 
of work and where the deadweight losses for 
the whole economy are simply too big. It has 
also been stated that exactly those high income 
earners are the driving force in our economy 
and we should create incentives for them to stay 
and work in Finland. 

Our results from this simulation are the fol-
lowing ones. First, cutting the top marginal tax 
rates does not have any effect on labour force 
participation. Secondly, the percentage change 
in mean hours is 4.5 percent and the biggest 
labour supply changes are found from the three 
highest income deciles. This reform improves 
high income earners’ position relative to that 
of the rest of the population because their af-
ter–reform net incomes increase. An interesting 
aspect is that the loss in tax revenue is relatively 
large, approximately 13 percent relative to the 
baseline. This is due to the fact that tax rev-
enue losses are big in the three highest income 
deciles.

5. Conclusions

Our main findings are the following ones. Esti-
mation showed that piece–wise linear and dif-
ferentiable approaches produce similar results. 
Because of the relatively high degree of pro-
gressivity, budget constraints will become more 
or less similar in both cases and when similar 
specifications for the labour supply function are 
used, it is natural that the results do not differ. 
We also found that the measurement error ap-
proach are enough to capture the unexplained 
variance in the data. 

Using the estimated labour supply function in 
our simulation framework we find that a move 
from progressive income taxation to propor-
tional taxation in a revenue neutral way (the 
marginal tax rate would be 28 percent) would 
imply reasonably small labour supply effects. 
In efficiency terms the current tax system could 
be improved because its estimated deadweight 
loss is approximately 15 percent of tax revenue, 
whereas in the case of a proportional tax it is 
approximately 5 percent. The biggest effects in 
terms of labour supply are achieved by reforms 
which cut marginal taxes at the low end of the 

12 Obviously, this is an empirical question and a common 
belief is that the income effect starts to dominate after some 
point of labour income.
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income distribution. Our results indicate that 
none of the reforms we did are self-financing. 
Increases in labour supply are too moderate to 
offset the reduced tax revenues. 

What are the limitations of our study and 
what could be done in future research? First, 
this is a partial equilibrium analysis and only 
supply side effects can be taken into account. 
We have not been able to answer questions on 
the consequences to labour demand if employ-
ers’ social security and pension contributions 
were reduced. There is some Finnish evidence 
concerning this question. Holm, Honkapohja 
and Koskela (1995), as well as Honkapohja, 
Koskela and Uusitalo (1999) have calculated 
that reducing the above mentioned contributions 
will increase labour demand and this effect is 
strongest when it is done in low salary occu-
pations. This result matches with our analysis 
and thus it is likely that the biggest effects will 
be achieved if marginal tax rates and employ-
ers social security contributions of low income 
earners are reduced simultaneously. 

Secondly, labour supply is a dynamic phe-
nomenon but our analysis is based on the as-
sumption of no intertemporal effects. We would 
need to estimate a dynamic labour supply func-
tion to get an estimate for the intertemporal 
elasticity of substitution before we could do 
dynamic simulations. This is a topic for further 
research. In empirical work it has been found 
that estimates of the intertemporal elasticities 
of substitution are usually quite small, see e.g. 
Blundell and Walker (1986). This does not 
mean that dynamic effects are necessarily neg-
ligible. Variation in preferences and changes in 
life situations may be important because res-
ervation wages for women are sensitive to the 
demographic changes.
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Appendix

Definition of the variables

• union = 1, if the respondent is a member of 
an union 

• age = Age of the respondent 
• age2 = Age squared 
• educ10 = 1, if the respondent has 10 years of 

education. Otherwise zero.
• educ12 = 1, if the respondent has 11-12 years 

of education. Otherwise zero. 
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• educ14 = 1, if the respondent has 13–14 
years of education. Otherwise zero. 

• educ15 =1, if the respondent has 15+ years 
of education. Otherwise zero. 

• nchild = Number of dependent children. 
• cdum1,...,cdum4 = Dummy variables for the 

youngest child. Age groups are 0–3,4–6,7–9 
and 10+. 

• exp = Working experience 
• exp2 = Exp. squared 
• tenure = Duration of the current job 

• tenure2 = Square of tenure 
• pjob = 1, if respondent has a permanent job 
• phusb = 1, if respondent‚Äôs husband is 

working 
• stat =1, if the respondent is a white–collar 

worker and 0 if a blue–collar worker. 
• socio = 1, if the respondent is a upper white–

collar worker. Otherwise zero 
• hwage = Hourly wage rate. 
• exo = Unearned income. 
• south = South Finland.

Descriptive Statistics

Descriptive statistics: participants and non—paricipants

Variables Participants Non—participants

Hours 1855.58(560.10)

union 0.71(0.45) 0.21(0.41)

age 41.29(8.47) 43.13(11.61)

educ10 0.30(0.46) 0.26(0.41)

educ12 0.18(0.39) 0.16(0.36)

educ14 0.05(0.21) 0.06(0.24)

educ15 0.07(0.26) 0.06(0.24)

cdum1 0.13(0.34) 0.32(0.46)

cdum2 0.12(0.33) 0.06(0.24)

cdum3 0.12(0.32) 0.05(0.21)

cdum4 0.25(0.44) 0.10(0.30)

exp 19.50(9.32) 17.30(11.60)

Tenure 8.60(8.34)

pjob 0.77(0.41)

phusb 0.86(0.33) 0.68(0.46)

hwage 48.81(23.99)

exo 5525.66(14028.9) 6935.43(11183.8)

south 0.25(0.44) 0.21(0.41)

Note: Numbers in above represent sample means and variances (in paren-

thesis).
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Descriptive Statistics

Note: Numbers in above represent sample means and vari-
ances (in parenthesis).

Wage Equation

Wage Equation. Dependent variable: ln hwage.

Variables Coe�cient Standard Error

Constant 2.83342 0.2511

Age 0.01753 0.0135

Age2 -0.00017 0.0001

Educ10 0.06881 0.0024

Educ12 0.19534 0.0297

Educ14 0.27270 0.0469

Educ15 0.51690 0.0469

Exp 0.01659 0.0053

Exp2 -0.00027 0.0001

Tenure 0.02410 0.0038

Tenure2 -0.00045 0.0001

Pjob 0.04720 0.0299

Husb 0.00760 0.0290

Stat 0.10338 0.0241

Socio 0.23919 0.0366

Nchild -0.03065 0.0104

South 0.15898 0.0222

Exo+hnet 3.95e-07 1.67e-07

Occ. dummies Yes

Ln L -1221.91

Note: The selection index is a function of the individual, geographical and

demand side variables. The selectivity e�ect was statistically signicant. Refer-

ence group for occupation is manufacturing workers.
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Wage Equation

Note: The selection index is a function of the individual, 
geographical and demand side variables. The selectivity 
effect was statistically significant. Reference group for oc-
cupation is manufacturing workers.




