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1. Introduction

Unemployment is an important problem in the Estonian economy. Es-
tonia encountered especially high unemployment at the end of 1990s.
From an unemployment rate of 1 percent in 1990, by 2000 the unemploy-
ment rate in Estonia had reached 14 percent. It decreased to its current
level of 10 percent by 2003. This is still creating a significant problem
for the economy. (See Rõõm and Viilmann (2003) for an overview of
unemployment in Estonia.)

Unemployment in Estonia is concentrated mainly among people with
a poor education. In the period 1997–2003, the unemployment rate for
people with secondary and primary education was, respectively, more
than 10% and more than 16%, while for people with tertiary education it
only ever reached as high as 7% (Statistical Database. Social life: labor
market. From Statistical Office of Estonia).

During recent years, there have been several labor market policy re-
forms and there are further changes planned, including changes in the
minimum wage, social benefits, and tax allowance. The current paper
aims at empirically analysing the impact of these changes. An applied
general equilibrium model is used for this purpose. The focus of the model
is to describe wage formation, labor supply and demand, taking into ac-
count the relevant labor market institutions such as minimum wages,
benefits and taxes. The model from Bovenberg et al (2000) is used with
the addition of an efficiency wage section based on Shapiro and Stiglitz
(1984).

The model incorporates two imperfect labor market theories: the right
to manage union bargaining and the efficiency wage theory. In the right to
manage union bargaining model by Nickell and Andrews (1983), the wage
rate is determined via a bargaining process between firms and the union
and firms set employment. The idea of the efficiency wage theory is that
higher wages give an incentive to higher productivity. Therefore, firms
prefer to pay wages higher than the market equilibrium because higher
wages decrease costs per effective labor unit. This leads to involuntary
unemployment because there are unemployed people who would be willing
to take a job at a lower wage. In the current paper the shirking model
from Shapiro and Stiglitz (1984) is used.

In the paper the impact of the following policy measures is analysed:
the impact of increases in benefit replacement rates, tax allowance and
union bargaining power in the wage bargaining process.

Applied general equilibrium models incorporating imperfect labor mar-
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kets have often been used to analyse tax reforms. The current paper uses
the model by Bovenberg et al (2000), which introduces the right to man-
age union bargaining in a general equilibrium framework and is calibrated
to Dutch data. Another applied general equilibrium model with union
wage bargaining, Böhringer et al (2002), analyses the effects of taxes and
social security payments calibrating the model to German data. The
impact of minimum wages and taxes has also been analysed using a de-
veloping country model with an informal sector by Fortin et al (1997). To
distinguish the impact of tax reforms on different labor groups, models
with heterogeneous households which differ in their preferences with re-
spect to labor supply, have been used (see Graafland et al (2001), Boeters
et al (2004)).

The contribution of the current paper is that it calibrates the general
equilibrium model incorporating an imperfect labor market structure to
Estonian data, enabling the comparison of the impact of different labor
market policies on unemployment and employment. The simulations pro-
duced by the model should be considered as the first exercise for observing
labor market policies in Estonia in a general equilibrium framework. The
results from the model should be interpreted with caution, as the model
is a simplification of the Estonian economy and the parameter values of
the model are calibrated based on the estimates of other countries, as
there are no such estimates available for Estonia.

The model is solved using the General Algebraic Modeling System
(GAMS) software.

In the next section of the paper the structure of institutions in the
Estonian labor market is summarized. This is followed by a description
of the model, which is then followed by an explanation of the data and
the calibration. In the fifth section the simulation results are presented,
the final section concludes.
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2. Wage Setting, Unemployment Benefits and
Labor Taxes in Estonia

The model used in the paper attempts to describe the Estonian labor
market in a realistic way, incorporating labor market institutions such as
unions, unemployment benefits, taxes. In this section a short overview is
given of the wage setting system, unemployment benefits and labor taxes
in Estonia.

In Estonia wage setting differs from most European countries, as wages
are mostly bargained on an individual basis by workers rather than collec-
tively by unions. Sectoral bargaining is absent except in transportation
and in some public sectors such as education. Enterprise level wage nego-
tiations are not very common either, which is reflected in the low union
membership: less than 20% of workers belong to unions (for more about
unions in Estonia see Kallaste (2003), Eamets and Kallaste (2004)). How-
ever, unions and employers’ organisations play some role by setting the
national minimum wage. The importance of the national minimum wage
has been increasing as its relative level compared to the average wage
has risen. Currently about 10 percent of the work force are paid a wage
equal to or lower than the minimum wage and wages for about a quarter
of those employed are close to the national minimum wage (Hinnosaar
and Rõõm (2003)). Therefore it can be concluded that the minimum
wage bargained by unions and employers’ organisations has a significant
impact on the labor market. According to the study by Hinnosaar and
Rõõm (2003), increases in the minimum wage in 1995-2000 have decreased
employment for those workers whose wage should have been increased by
the new agreements between the bargaining parties. The results from
the study suggest that increases in the minimum wage have not had a
significant impact on overall wage distribution except on the lowest wage
being paid. In the future, the minimum wage is supposed to increase in
relation to the average wage, according to an agreement between unions
and employers.

Unemployment benefit in Estonia is very low and households with
no other income receive social benefit, the size of which depends on the
structure of the household and its aggregate income. In a household
with no working members and no alternative income, the social assistance
payment might exceed the wage potentially earned on the labor market
and the replacement rate might be as high as 100 percent.1 The impact

1Unemployment benefit is 400 Estonian kroons, which is less than 30% of the
national minimum wage; social benefit guarantees 500 Estonian kroons per person
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of benefits on labor supply was analysed by Kuddo et al (2002), but no
significant effect could be detected. Although a significant impact from
benefits was found on the intensity of job search of the unemployed in
the study by Hinnosaar (2004). An unemployment insurance system was
introduced in Estonia in 2002 and unemployment insurance benefits have
been paid since 2003. The benefits are paid for up to one year depending
on the number of the years the worker has paid into the unemployment
insurance fund, the replacement rate of the benefits is 0.5 over the first
100 days and 0.4 after that. Unemployment benefit reforms have been
proposed, according to which the unemployment benefit, which is paid
for an unlimited period, should significantly increase.

Due to tax allowances, the Estonian income tax system is moderately
progressive. The income tax rate is 26%.2 In 2001 the average income tax
rate on the average wage was 21.2% and on the minimum wage, 9.5%.
Rõõm (2003) analyses Estonian taxes in comparison to other countries
and concludes that tax burden on labor in Estonia is somewhat higher
than the average in OECD countries and slightly lower than the EU av-
erage.3 There are income tax reforms planned for the future. According
to the planned reforms, the income tax rate will be decreased by 6 per-
centage points to 20 percent and at the same time tax allowance will be
increased.

3. Description of the Model

3.1. General Overview

In this section the main features of the model, used to analyse the
impact of labor market reforms on the Estonian economy, are summarized.
The complete model is presented in the next section.

The CGE model used in the paper is from Bovenberg et al (2000),
with the main exception of high-skilled workers’ wage formation, where

in each household, after the costs related to dwelling are substracted (Kuddo et al
(2002)).

2It should be noted that the Estonian tax system is unproportional for production
factors, labor and capital. After the corporate income tax reform in 2000, the average
effective tax rate of capital is approximately three times lower than of labor (Rõõm
(2003)). The average effective tax rate on capital was 13.4% and 10.9% in 2000 and
2001 respectively (Rõõm (2003)). However, in the current paper the role of capital
and its taxation is not considered.

3The average effective tax rate on labor in Estonia in 1996-2001 was 35.8%, the
EU average was 36.8% and the OECD countries average was 33.4% (Rõõm (2003)).
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the efficiency wage concept is introduced based on Shapiro and Stiglitz
(1984). The model used in the current paper is a simplification of the
model in Bovenberg et al (2000) in terms of not including the informal
labor market, job matching and hiring costs. The other difference from
the Bovenberg et al (2000) model is the distinguishing of income and
social security tax. The distinction is made in order to describe the impact
of tax allowances, which exist for income tax but not for social security
tax, in a realistic way.

The model is static. The analysis concentrates on labor market policy
and therefore capital, investments and savings are not incorporated into
the model.

The production process is described by a linear production function,
where labor is the only factor used. In order to incorporate large differ-
ences in unemployment rates in Estonia by skill groups, low-skilled and
high-skilled (which differ by productivity), are modelled separately. The
assumption is made that labor is not mobile between different skill groups.
There is a fixed number of firms and each firm uses only one type of la-
bor. There are two types of goods produced, one by the firms employing
low-skilled labor and the other by the firms employing high-skilled labor.
There is monopolistic competition in the product market, which creates
positive profits. The monopolistic competition provides the incentive for
unions to exist and bargain about the profits.

There are three types of households in the economy: two worker house-
holds, low-skilled and high-skilled, who receive labor income and unem-
ployment benefits, and capitalists who do not supply labor but receive all
the profit. Households consume all their income.

Utility is described by nested CES functions. At the top level, worker
households choose between leisure and consumption. Worker households
and capitalists share the same consumption pattern. At the next level
both worker households and capitalists choose between imported and do-
mestically produced composite good. As mentioned, there are two types
of goods produced in the home and foreign country: goods produced by
low-skilled workers and by high-skilled workers. At the lower level, house-
holds choose between the domestic goods produced by low-skilled and by
high-skilled workers. At the lowest level, decisions are made between the
products of different firms employing one skill type. Public consumption
follows the same consumption pattern as the households have, except for
imported and domestic goods consumption. In households’ consumption
imported goods have a significantly larger share.

Wage setting is described using union bargaining and the efficiency
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wage concept, which both create involuntary unemployment. For exam-
ple, when looking at survey data on the unemployed, 16% reported in
2003 that they were willing to take a full time job with a wage of 2,000
EEK (Statisical Database. Social life: labor market. From Statistical Of-
fice of Estonia), which was lower than the minimum wage (2,160 EEK).
Therefore, the Estonian labor market cannot be described using a com-
petitive model, with the wage rate equalizing labor supply and demand.
In the Estonian labor market the minimum wage, which has legal force,
is bargained between unions and employers. The agreed legal minimum
wage affects about the quarter of the employed directly (see Hinnosaar
and Rõõm (2003)). Therefore, wage setting for low-skilled labor is mod-
elled as a bargaining process between unions and employers, where unions
care about both the low-skilled workers’ wage income and their employ-
ment. In the model, the high-skilled workers’ wage is determined as an
efficiency wage, it is a wage which is higher than the competitive wage
level.

There are two types of taxes: labor income tax and social security tax,
and there is a tax allowance in the case of income tax. The government
collects tax revenues and uses them to finance unemployment benefits
and public consumption. Public consumption has the same structure as
private consumption but not in the case of imports. The government has
a balanced budget, which describes the actual situation for Estonia.4

Foreign demand is described using a CES function, where the foreign
country consumes an aggregate of low-skilled and high-skilled goods. The
assumption is made that exports equal imports.

The equations from the model are summarized in Appendix 1.

3.2. Households

At the top level of the utility maximisation process, worker households
observe their state in the labor market, where they are either employed or
unemployed. Mi worker households who are employed, maximize utility
Hm

i subject to a budget constraint and a time constraint. Utility depends
on consumption Cm

i , leisure Zm
i and public consumption Gi, which enters

the utility function in an additively separable way and therefore public
consumption does not directly effect private utility maximization choices:

Hm
i = u(Cm

i , Z
m
i ) + g(G) (1)

4According to the law until 1999 the government had to balance the yearly budget,
starting from 2000 the government’s budget is balanced over an economic cycle.

9



At the top level, the worker household’s CES utility function to be
maximized is the following:

u(Cm
i , Z

m
i ) =

[
d1/θC

m(θ−1)/θ
i + (1− d)1/θZ

m(θ−1)/θ
i

]θ/(θ−1)

(2)

where d and θ are the parameter and substitution elasticity of the CES
function. The utility function is maximised with respect to two con-
straints. First the budget constraint, which is given by:

(1− TAi)WiS
m
i = PcC

m
i (3)

where TAi is the average income tax rate on gross labor income, Wi

is the wage rate, Sm
i is labor supply in hours and Pc is the ideal price

index for a consumption bundle. The time constraint, where labor supply
equals the time endowment minus leisure, and the total time endowment
is normalised to unity Sm

i = 1−Zm
i . (Some minimal amount of hours are

excluded from houshold’s total time endowment.)

From utility maximization with respect to budget and time constraints,
we get the labor supply Si, which is Mi times the labor supply of one
worker Sm

i :5

Si =
Mi

1 + 1−d
d

(
(1−TAi)Wi

Pc

) (
(1−TM)Wi

Pc

)−θ
(4)

Note that TAi = TM − Fi

Sm
i Wi

TM , where TM is the marginal tax rate
and Fi is the tax allowance which is a function of wages Fi = fiWi.

Aggregate household income is the sum of their after tax labor in-
come, unemployment benefits, social benefits and aggregate profits. The
aggregate household budget constraint:

PcC =
∑

i

[(1− TAi)WiLi +BiUiSi] + Π (5)

where Li is employment, Bi is unemployment benefit and Ui = (Si−Li)/Si

is the unemployment rate of labor type i, unemployment is measured in
hours as the difference between labor supply and demand.

At the next level utility maximisation, the choice is made between two
aggregate goods: one produced domestically and the other imported. Do-
mestic and foreign commodities are imperfect substitutes. Demand for

5For derivation of the labor supply function see Appendix 2. For the impact of
labor market institutions on the labor supply see Appendix 3.
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the two commodities is described by a CES function: C = c(Cm, Cy),
where Cm is private demand for foreign good and Cy is private consump-
tion of domestically produced goods. The CES function describing the
demand is the following:

C =
[
q1/κC(κ−1)/κ

m + (1− q)1/κC(κ−1)/κ
y

]κ/(κ−1)
(6)

where q and κ are the CES function parameter and substitution elasticity.
From FOC we get the optimal allocation of consumption:

Cm

Cy

=
q

1− q

(
Pm

Py

)−κ

(7)

where Py and Pm denote ideal price indexes for domestic and imported
goods. It should be noted that public consumption G has the same struc-
ture as private consumption.

At the next level, the optimal allocation of production over two com-
posite commodity types i = u, s, which are produced by either low-skilled
or high-skilled labor, demanded by domestic and foreign households and
the government, which share the same consumption pattern, is derived
from maximising the CES utility function:

Y =
[
b1/φY (φ−1)/φ

s + (1− b)1/φY (φ−1)/φ
u

]φ/(φ−1)
(8)

where φ is the elasticity of substitution between the two composite com-
modities and b is a share parameter. From first-order conditons we arrive
at the following optimal allociation:6

Ys

Yu

=
b

1− b

(
Ps

Pu

)−φ

(9)

where Ps and Pu are the prices of skilled and unskilled goods. The pa-
rameter φ can be considered as the substitution elasticity between low
and high-skilled labor. The aggregate ideal price index P is:7

Py =
[
bP 1−φ

s + (1− b)P 1−φ
u

]1/(1−φ) (10)

Commoditities produced by different firms j = 1, ..., Ni of one type are
substitutable with each other according to the following CES function:

Yi =

[
Ni∑
j

a
1/η
ij Y

j(η−1)/η
i

]η/(η−1)

(11)

6For derivation of the first-order conditions see Appendix 4.
7For derivation of the ideal price index see Appendix 5.
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where αij is the share parameter and η is the substititution elasticity
between commodities produced by different firms of one type. The sub-
stitution elasticity is independent of firm. Ideal price index (a unit cost
function) Pi is the following:

Pi =

[
Ni∑
j

aijP
j(1−η)
i

]1/(1−η)

(12)

where P j
i is the firm dependent price of goods.

3.3. Firms

There are two types of firms, which differ according to the skill of
the labor they employ. For each skill group, low-skilled and high-skilled
i = u, s, there is a fixed number of firms Ni. Firm’s produce output Y j

i

using labor Lj
i as the only input. Production takes place according to the

linear production function, where hi describes labor productivity of skill
type:

Y j
i = hiL

j
i (13)

Firms act in monopolistic competition, maximizing their profits Πj
i , where

they have impact on prices P j
i :

Πj
i = P j

i Y
j
i −Wi(1 + Ts)L

j
i (14)

The costs of the firm are determined by the wage rate Wi, social security
tax rate Ts and the amount of labor employed Lj

i . From the FOC of profit
maximisation, their optimal strategy is to set prices as a mark-up over
marginal cost:8

P j
i =

1

1− ε

Wi(1 + Ts)

hi

(15)

where ε = −∂P j
i

∂Y j
i

Y j
i

P j
i

denotes the inverse price elasticity of product de-
mand.9 In symmetric equilibrium the mark-up is independent of firms
of one type and all firms set the same price.10 Firms get positive profits

8For derivation of the price equation see Appendix 6. For the impact of wages on
prices see Appendix 7. For derivation of labor demand see Appendix 8.

9It follows the standard monopolistic competition model introduced by Dixit and
Stiglitz (1977).

10The price elasticity of product demand equals the substitution elasticity of goods
ε = 1/η and therefore the mark-up is smaller the closer substitutes are the goods.
To show that mark-up is independent of firm type, take the derivative from Y j

i =
aijY

P
j(η)
i

(∑Ni

j aijP
j(1−η)
i

)η/(1−η)

with respect to P j
i and assume aij → 0.
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due to the mark-up. The aggregate profits Π of all firms are given by the
following:

Π =
∑

i

Ni∑
j

Πj
i (16)

3.4. Labor Market

3.4.1. Wage Bargaining

For low-skilled workers wages are determined by a right to manage,
unions bargaining model, where the union and the employers’ organisa-
tion bargain over wages and employers determine employment. In the
bargaining process the following Nash function is maximised:

Ωu = Λα
uΓ1−α

u (17)

subject to the optimal labor demand chosen by firms, where Λu = PuYu−
Wu(1 + TS)Lu is the utility of the employers’ organisation and Γu =

L1/2 [Wu(1− TAu)−Bu]
1/2 is the utility of the union. The utility of the

union depends on labor demand and the wage over the reservation wage.
It is assumed that the union gives equal weight to employment and wage.

From FOC for the Nash bargaining solution, we get the following wage
equation:11

Wu =
αBu

1−TM

α 1−TA
1−TM

− 1
2
(1− α) ε

1−ε

(18)

3.4.2. Efficiency Wage for High-Skilled Workers

High-skilled workers, based on the Shapiro and Stiglitz (1984) model,
receive an efficiency wage. Working takes some effort, which gives disu-
tility to workers. The workers who do not provide effort do not produce
anything, therefore firms want to give motive to provide effort. For the
firms it is optimal to pay a wage, which is higher than the competitive
wage. A worker who is employed but does not provide effort – a shirk-
ing worker – takes into account that he might become unemployed, his
expected utility is:

rVS = W − (ρ+ υ)(VS − VU) (19)

11For derivation of the wage function see Appendix 9. For the impact of labor
market institutions on the low-skilled workers’ wage see Appendix 10.
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where r is the discount rate, W is wage, ρ is the probability of getting
caught of shirking, υ is the exogeneous probability of quitting the job
and VU is the utility of the unemployed worker. The worker who provides
effort e – a non-shirker – might also become unemployed for exogeneous
reasons, his expected utility is:

rVN = W − e− υ(VN − VU) (20)

The utility of the unemployed worker is:

rVU = B + ψ(VN − VU) (21)

where ψ is the probability of finding a job.

Firms would like to pay a wage where VN ≥ VS, the assumption is made
that when a worker is indifferent between the two states, he chooses to
provide effort. The wage that corresponds to this non-shirking condition
is the following:12

W = B + e+
(
r +

υ

U

) e

ρ
(22)

where U is the unemployment rate.

3.5. Government

The government collects revenues using a labor income tax and fi-
nances unemployment benefits and public consumption. As mentioned,
public consumption G has the same structure as private consumption
and therefore also the same ideal price index Pc. The government has a
balanced budget with the following budget constraint:

PcG =
∑

i

[TAiWiLi + TsWiLi −BiUiSi] (23)

The assumption is made that the marginal tax rate and unemployment
benefits are uniform for low-skilled and high-skilled workers. Unemploy-
ment benefits are indexed to wages in the following way:

Bi = Ri

(
Wu +Ws

2

)
(24)

where Ri is the replacement rate.

12For derivation see Appendix 11.
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3.6. Foreign Trade

Exports Xy are described by a CES function, which determines the
consumption in the foreign country of imported goods from home country
and domestically produced goods in the foreign country. The FOC of the
CES function is:

Xy =
z

1− z

(
Py

Pm

)−ξ

Cf (25)

where z is the share parameter, ξ the elasticity of substitution, Py and
Pm are the prices of goods produced in the home and foreign country and
Cf is private and public consumption in the foreign country of locally
produced goods.

3.7. Equilibrium

There is equilibrium in the goods market. Aggregate supply of do-
mestic goods Y is equal to domestic private demand Cy plus government
demand Gy and foreign demand Xy:

Y = Cy +Gy +Xy (26)

Also, total imported goods equal exported goods. Balance of payments
equilibrium:

Pm(Cm +Gm) = PyXy (27)

4. Data and Calibration

The data used in the simulations is from the year 2001. In the data,
labor supply is actual labor force, while labor demand is employment,
both come from Labor Force Survey data. People with less than basic
education and those with basic education, vocational secondary education
subsequent to basic education and together with secondary education are
considered as low-skilled labor. Other groups on the basis of education
are considered to be high-skilled labor.

The data about the relative wages by skill groups is from the Labor
Force Survey. Based on the relative wages, wage income from national
accounts data is divided between low and high-skilled workers. The data
about profits is taken from the national accounts, and reduced by the
share of interest rate income for the owners of the capital.

The data about imports is calibrated based on proportion of private
and government consumption of imported goods in total imports in 1997.
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Table 1: Data and parameters

National accounts
Y = 60, 868.004 C = 43, 206.84 G = 17, 661.16 Π = 13, 764.00
Xy = 17, 593.00 Cm = 15, 588.00 Gm = 2, 005.00

Labor market
Lu = 142.10 Su = 175.00 uu = 0.19 Wu = 47.41
Ls = 435.60 Ss = 485.80 us = 0.10 Ws = 66.36

Institutional data
B = 15.20 F = 12.00 TM = 0.2600 Ts = 0.3215

Parameters
φ = 0.5 κ = 2.0 θ = 2.0 ξ = 2.0
α = 0.1822 ε = 0.2261 ρ = 0.2 r = 0.1
ν = 0.05

Notes: Data from national accounts are in millions of Estonian kroons. Data on labor
supply and demand are in thousands of labor years. Wage and benefit data are in
thousands of Estonian kroons.

The other variables are calculated as residuals. In the model, prices in
the base simulation are normalised to unity. (For further discussion of
the data compilation see Appendix 12.)

The marginal income tax rate is set equal to the actual 26 percent and
tax allowance to the twelve thousands per worker per year. The social
security tax rate is calculated based on the actual data on wages and
social security payments and is 32.2 percent. The replacement rate of
benefits for low-skilled workers is 32 percent and for skilled is 23 percent.

The substitution elasticity of high-skilled and low-skilled is set equal
to a rather low value 0.5, based on Hamermesh (1993). The substitu-
tion elasticity of leisure and consumption is set equal to 2 (Bovenberg
et al (2000) have the elasticity equal to 4 for both skill groups). The
Armington elasticity and transformation elasticity are both set equal to
2 based on Bovenberg et al (2000) and Böhringer et al (2002) (see also
Hertel (1997) for estimates of Armington and de Melo and Tarr (1992)
for transformation elasticities). Employers bargaining power is calibrated
to match the wage data.
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5. Simulations

5.1. Description

The following simulations were run:

1. An increase in union bargaining power, which increases the wage of
low-skilled labor;

2. A benefits increase, which is an increase in the replacement rate for
both skill groups by one percentage point;

3. A benefits increase for high-skilled workers, which is an increase
in the replacement rate for high-skilled workers by one percentage
point;

4. An increase in the tax allowance by 5 percent for both skill groups;

5. An increase in the tax allowance by 5 percent for low-skilled workers.

Simulation 1, increased union bargaining power, can be seen in the
Estonian labor market as the higher legal minimum wage, which is the
result of higher union bargaining power. The simplifing assumption is
made, when calibrating the model, that the bargained wage is the wage for
low-skilled workers (see previous section for the discussion of the topic).

Simulation 3, an increased replacement rate for high-skilled workers,
describes the reform where the replacement rate is increased only for the
workers with a lower initial replacement rate. The starting point for the
reform is a situation, where the replacement rate is higher for low-skilled
workers and lower for high-skilled workers, which was exactly the situa-
tion in Estonia before the introduction of unemployment insurance. The
introduction of unemployment insurance benefits increased the replace-
ment rate for high-skilled workers.

Simulation 5, where the tax allowance is increased for low-skilled work-
ers, could be seen as a measure similar to tax credit. Such a reform would
be aimed at increasing the employment of low-skilled workers by lowering
the costs of employing them.

The impact of these changes will be analysed on the following endo-
geneous variables: production, consumption, labor supply, employment,
unemployment, producer wages, consumer wages and welfare.
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5.2. Simulation Results

Simulation results as percentage changes are reported in the following
table.

Table 2: Simulation results (percentage changes)

1 2 3 4 5
Production and welfare
Production -0.23 -0.45 -0.06 0.29 0.39
Private consumption -0.12 -0.20 -0.02 0.30 0.24
Public consumption -0.44 -0.91 -0.15 0.13 0.63
Exports -0.13 -0.24 -0.03 0.24 0.24
Welfare -0.24 -0.40 0.00 -0.01 0.39
Prices and wages
Production price 0.07 0.12 0.01 -0.12 -0.12
Consumption price 0.04 0.08 0.01 -0.08 -0.08
High-skilled producer wage -0.15 -0.25 0.01 0.25 0.25
Low-skilled producer wage 1.00 1.71 0.05 -1.70 -1.70
High-skilled consumer wage -0.15 -0.23 0.01 0.54 0.24
Low-skilled consumer wage 1.06 1.82 0.06 -1.39 -1.40
Labor market
High-skilled employment -0.12 -0.26 -0.06 0.10 0.20
Low-skilled employment -0.69 -1.23 -0.08 1.09 1.19
High-skilled labor supply -0.07 -0.11 0.00 0.01 0.11
Low-skilled labor supply 0.33 0.55 0.01 -0.70 -0.70
High-skilled unemployment 0.41 1.18 0.48 -0.78 -0.68
Low-skilled unemployment 4.86 8.46 0.43 -8.66 -9.11
Replacement rates and taxes
High-skilled replacement rate 0.00 1.00 1.00 0.00 0.00
Low-skilled replacement rate 0.00 1.00 0.00 0.00 0.00
High-skilled average tax -0.03 -0.06 -0.01 -1.08 0.02
Low-skilled average tax -0.24 -0.42 -0.03 -1.30 -1.27

Notes: Simulation 1: increase in unions bargaining power, which increases wage of
low-skilled labor; Simulation 2: benefits increase for both skill groups, which is in-
crease in replacement rate by one percentage point; Simulation 3: benefits increase
for high-skilled workers, which is increase in replacement rate for high-skilled workers
by one percentage point; Simulation 4: increase in tax allowance for both skill groups;
Simulation 5: increase in tax allowance for low-skilled workers.

The aggregate welfare measure is calculated based on equation 1, in

18



order to create one aggregate measure to compare the simulations. Ag-
gregate welfare depends on the sum of the utility of the three household
types plus government consumption. Therefore it depends on leisure and
production.

5.2.1. An Increase in Union Bargaining Power

Increase in union bargaining power leads to increase in low-skilled
workers’ wage. As firms’ pricing decisions depend on the wage, the price
of the goods produced by low-skilled workers will increase. The price
of the one type of goods has an impact on the general price level, and
as the general price level in the home country increases, the demand for
home country exports decreases. The decrease of exports translates into
a decrease in demand for goods and a decrease in the demand for labor
from both skill groups and therefore an increase in unemployment (this is
the first impact channel which is described by a bold solid line in Figure
1). There will be a further impact from employment on domestic demand:
as employment decreases it influences domestic demand, which decreases
production and employment even further and increases unemployment
even more (the solid line in the figure).

On the other side, increases in wages increase low-skilled labor supply
(dashed-dotted line in the figure). But when employment is lower, then
the result is an increase in unemployment of low-skilled workers. Increased
unemployment among high-skilled workers has a moderating impact on
their wage, which has an impact on the general price level, production
and demand for labor (described by the dotted line in the figure). As
for low-skilled labor, increased wage increases the supply of high-skilled
workers and therefore unemployment (dashed line in the figure).

The final result is an increase in wages for low-skilled workers, which
leads to decrease in the high-skilled workers’ wage, an increase in unem-
ployment, a decrease in employment for both skill groups and a decrease
in production and consumption. The decrease in employment and pro-
duction was induced by the lower demand caused by a higher price level.

The first stage simulation result could be partly confirmed by the re-
sults from a partial equilibrium analysis (Hinnosaar and Rõõm (2003)),
which showed that an increase in wages for workers in a low-wage group
leads to a decrease in their employment. It is relatively straightforward
to suppose that the decrease in employment leads, in the ceteris paribus
situation, to a lower domestic demand and the higher production price
leads to a lower foreign demand.
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Figure 1: Impact of a wage increase

5.2.2. An Increase in Replacement Rate

An increase in benefits for both skill groups leads to an increase in
wages for both skill groups, which leads to similar results to that of the
wage increase induced when increasing union bargaining power. There
is a decrease in production and employment, and an increase in unem-
ployment. The general results from the simulation are similar to the
results from the partial equilibrium analysis (Hinnosaar (2004), Kuddo
et al (2002)), which also showed either an increase in unemployment or
an incentive to decrease labor supply.

In simulation 3, the replacement rate is increased only for high-skilled
workers. The increase in the replacement rate for high-skilled workers
has a direct impact on their wage. From the wage of high-skilled workers
there is a channel to low-skilled wage created by benefits. When the
high-skilled wage increases, benefits for low-skilled workers increase and
therefore their wage increases. The results are similar to the previous
simulations. Although, as the wage increase is much smaller (since the
increase in unemployment is taken into account in the high-skilled workers
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wage equation), the production price increases less than in the case where
both wages were directly increased by replacement rate, and the decrease
in production and labor demand is less.

5.2.3. An Increase in Tax Allowance

An increase in tax allowance has a direct impact on wage for low-
skilled workers and labor supply in both skill groups. A decrease in wage
increases foreign demand and therefore production and demand for labor
in both skill groups. An increase in demand for labor and a decrease in
labor supply decreases unemployment. There will be additional decrease
in labor supply due to a decrease in wages. Due to the increase in demand
for labor and the decrease in labor supply, unemployment for both skill
groups falls. In the case of high-skilled labor, it has an impact on their
wage, which subsequently increases. The increase in wage has an increas-
ing impact on the price level and a decreasing impact on employment.

The overall impact of a tax allowance increase is positive for produc-
tion, employment and unemployment. The impact is even stronger when
the tax allowance is increased only for low-skilled labor. The results of the
tax allowance increase are similar to those from Bovenberg et al (2000),
where the model was used to analyse changes in taxes.
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6. Concluding Remarks

Using a general equilibrium framework for analysing the Estonian la-
bor market, has indicated that partial equilibrium is often different from
general equilibrium. Partial equilibrium analysis does not take into ac-
count secondary effects, which were shown to have a significant impact on
the economy. General equilibrium frameworks are useful for policy anal-
ysis showing us the impact channels and the final effects, which should
be taken into account when making the policy decisions.

Although, it should be noted that the results from the current analysis
should be interpreted with caution for several reasons. First, the simula-
tion results from the model are highly dependent on the elasticity values.
Unfortunately there are no available estimates based on Estonian data for
these elasticities, and in the current analysis the estimates are taken from
research based on other countries. An extention to the current project
would be to estimate the elasticity values for Estonia and conduct the
robustness analysis of the model.

There are other drawbacks to the current analysis. The static model
used in the paper does not take into account the potentially important
dynamic effects created by the labor market policies. For example, it
would be especially useful to analyse labor market policies in relation to
changes in schooling and human capital creation. The other extentions
to the current model would be to include capital and savings.

22



References

Böhringer, C., Boeters, S., Feil, M., 2002. Taxation and Unemployment:
An Applied General Equilibrium Approach for Germany. ZEW Discus-
sion Paper, (39).

Boeters, S., Feil, M., Gürtzgen, N., 2004. Discrete Working Time Choice
in an Applied General Equilibrium Model. ZEW Discussion Paper,
(20).

Bovenberg, A. L., Graafland, J. J., de Mooij, R. A., 2000. Tax reform
and the Dutch labor market: an applied general equilibrium approach.
Journal of Public Economics, 78.

de Melo, J., Tarr, D., 1992. A general equilibrium analysis of US foreign
trade policy. The MIT Press.

Dixit, A. K., Stiglitz, J. E., 1977. Monopolistic Competition and Opti-
mum Product Diversity. American Economic Review, 67(3).

Eamets, R., Kallaste, E., The Role of Trade Unions in Labour Market
Flexibility: The Case of Estonia. Labor market research in Estonia:
papers of the research seminar, Bank of Estonia.

Fortin, B., Marceau, N., Savard, L., 1997. Taxation, wage controls and
the informal sector. Journal of Public Economics, 66.

Graafland, J. J., de Mooij, R. A., Nibbelink, A., Nieuwenhuis, A., 2001.
MIMICing Tax Policies and the Labour Market. North Holland.

Hamermesh, D. S., 1993. Labor Demand. Princeton University Press.

Hertel, T. W., 1997. Global Trade Analysis. Modelling and applications.
Cambridge University Press.

Hinnosaar, M, Reservation Wage, Job Search Intensity and Unemploy-
ment Benefits. Labor market research in Estonia: papers of the research
seminar, Bank of Estonia.

Hinnosaar, M., Rõõm, T., 2003. The Impact of Minimum Wage on the
Labour Market in Estonia: an Empirical Analysis. Working Papers of
Eesti Pank, (8).

Kallaste, E., 2003. National social dialogue on the formulation, imple-
mentation and monitoring of employment policies. PRAXIS Working
Paper, (11).

23



Kuddo, A., Leetmaa, R., Leppik, L., Luuk, M., Võrk, A., 2002. Sotsiaal-
toetuste efektiivsus ja mõju tööjõupakkumisele. PRAXIS.

Lofgren, H., Harris, R. L., Robinson, S., 2002. A standard computable
general equilibrium model in GAMS. International Food Policy Re-
search Institute.

Nickell, S. J., Andrews, M., 1983. Unions, Real Wages and Employment
in Britain 1951-79. Oxford Economic Papers, 35.

Rõõm, T., 2003. Tootmistegurite maksustamine ja tööpuudus Eestis.
Bank of Estonia Discussion Paper Series, 5.

Rõõm, T., Viilmann, N., 2003. Estonian labour market in the past decade.
Kroon and Economy, (1).

Shapiro, C., Stiglitz, J. E., 1984. Equilibrium Unemployment as a Worker
Discipline Device. The American Economic Review, 74(3).

24



Appendix 1. Main equations of the model

HOUSEHOLD FIRM
Labor supply: Labor demand:
Si = Mi

1+ 1−d
d

�
(1−T Ai)Wi

Pc

��
(1−T M)Wi

Pc

�−θ Y j
i = hiL

j
i

Private consumption: Price:
pcC =

∑
i [(1− TAi)WiLi + BiUiSi] + Π P j

i = 1
1−ε

Wi(1+Ts)
hi

Demand for home produced goods: Profit:

C =
[
q1/κC

(κ−1)/κ
m + (1− q)1/κC

(κ−1)/κ
y

]κ/(κ−1)

Πj
i = P j

i Y j
i −Wi(1 + Ts)L

j
i

Demand for imports: Aggregate profits:
Cm

Cy
= q

1−q

(
Pm

Py

)−κ

Π =
∑

i

∑Ni

j Πj
i

Demand for high-skilled labor goods:

Y =
[
b1/φY

(φ−1)/φ
s + (1− b)1/φY

(φ−1)/φ
u

]φ/(φ−1)

Demand for low-skilled labor goods:
Ys

Yu
= b

1−b

(
Ps

Pu

)−φ

LABOR MARKET PRICES
Low-skilled wage: Domestic aggregate price:
Wu = αBu/(1−TM)

α 1−T A
1−T M − 1

2 (1−α)ε/(1−ε)
Py =

[
bP 1−φ

s + (1− b)P 1−φ
u

]1/(1−φ)

High-skilled wage: Aggregate consumption price (2):
Ws = Bs + e +

(
r + υ

Us

)
e
ρ Pc =

[
qP 1−κ

m + (1− q)P 1−κ
y

]1/(1−κ)

Unemployment:
Ui = (Si − Li)/Si

GOVERNMENT EXOGENOUS FACTORS
Government consumption: Benefits:
PcG =

∑
i [TAiWiLi + TsWiLi −BiUiSi] Bi = Ri

(
Wu+Ws

2

)
Government consumption of imports: Average tax:
Pm(Cm + Gm) = PyXy TAi = TM − Fi

Sm
i Wi

TM

Government consumption of domestic goods: Tax allowance:

G =
[
q1/κG

(κ−1)/κ
m + (1− q)1/κG

(κ−1)/κ
y

]κ/(κ−1)

Fi = fiWi

Export demand:

Xy = z
1−z

(
Py

Pm

)−ξ

Cf

Domestic production:
Y = Cy + Gy + Xy
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Appendix 2. Labor supply

CES utility function to be maximized is the following:

u(Cm
i , Z

m
i ) =

[
d

1/θ
i C

m(θ−1)/θ
i + (1− di)

1/θZ
m(θ−1)/θ
i

]θ/(θ−1)

(28)

The household’s budget constraint is the following:

(1− TAi)WiS
m
i = PcC

m
i (29)

Substituting the budget constraint into the utility function and taking
into account that Z = 1− S, the household problem becomes the follow-
ing:

max
Sm

i

[
d

1/θ
i

(
(1− TAi)WiS

m
i

Pc

) θ−1
θ

+ (1− di)
1/θ(1− Si)

m θ−1
θ

] θ
θ−1

(30)

The FOC, taking into account that
(
TAi = TM − TMFi

WiSm
i

)
13, is:

0 =

[
d

1/θ
i

(
(1− TAi)WiS

m
i

Pc

) θ−1
θ

+ (1− di)
1/θ(1− Si)

m(θ−1)/θ

] 1
θ−1

·[
d

1
θ
i

(
(1− TAi)WiS

m
i

Pc

)− 1
θ (1− TM)Wi

Pc

− (1− di)
1
θ (1− Sm

i )−
1
θ

]
(31)

=⇒ Sm
i

1− di

di

(
(1− TAi)Wi

Pc

) (
(1− TMi)Wi

Pc

)−θ

− (1− Sm
i ) = 0 (32)

From which it is easily seen that labor supply is given by the following
formula:

Sm
i =

1

1 + 1−d
d

(
(1−TAi)Wi

Pc

) (
(1−TMi)Wi

Pc

)−θ
(33)

and multiplying by Mi gives:

Si =
Mi

1 + 1−d
d

(
(1−TAi)Wi

Pc

) (
(1−TMi)Wi

Pc

)−θ
(34)

13In the optimisation process, the worker does not take into account that tax al-
lowance depends on wage.
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Appendix 3. The impact of labor market institutions on labor
supply

In the following the first-stage impact of labor market institutions on
labor supply is described.

As TAi = TM − fiTM
Sm

i
= TM − fiTMMi

Si
, the labor supply can also be

written in the form:

Si =
Mi − 1−d

d
fTMMiWi

Pc

(
(1−TM)Wi

Pc

)−θ

1 + 1−d
d

(
(1−TM)Wi

Pc

)1−θ
(35)

The impact of the tax allowance parameter f on labor supply:

∂Si

∂fi

= −
1−d

d
TMMiWi

Pc

(
(1−TM)Wi

Pc

)−θ

1 + 1−d
d

(
(1−TM)Wi

Pc

)1−θ
< 0 (36)

is negative. When the tax allowance increases proportionally to the wage
rate, then labor supply will decrease (again, it is the first stage impact:
wage is kept constant).

When finding marginal tax rate’s impact on labor supply, it is useful
to first denote the numerator in (35) as A and denominator as B.

∂A

∂TM
= −1− d

d

fiMiWi

Pc

(
(1− TM)W

Pc

)−θ

·[
1 + θ

TMW

Pc

(
(1− TM)W

Pc

)−1
]
< 0 (37)

∂B

∂TM
= −1− d

d

W

Pc

(1− θ)

(
(1− TM)W

Pc

)−θ

> 0 (38)

as θ > 1. The impact of the marginal tax rate on labor supply is:

∂Si

∂TM
=

−︷ ︸︸ ︷
∂A

∂TM

+︷︸︸︷
B −

+︷︸︸︷
A

+︷ ︸︸ ︷
∂B

∂TM
B2

< 0 (39)

as A,B > 0.
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Appendix 4. First order conditions of CES function

CES function

Y =
[
b1/φY (φ−1)/φ

s + (1− b)1/φY (φ−1)/φ
u

]φ/(φ−1)
(40)

Ideal price index:

Py =
[
bP 1−φ

s + (1− b)P 1−φ
u

]1/(1−φ) (41)

The cost minimization problem is the following:

minPsYs + PuYu (42)

st
Y =

[
b1/φY (φ−1)/φ

s + (1− b)1/φY (φ−1)/φ
u

]φ/(φ−1)
(43)

Lagrangian:

L = PsYs + PuYu

−λ
[
Y −

[
b1/φY (φ−1)/φ

s + (1− b)1/φY (φ−1)/φ
u

]φ/(φ−1)
]

(44)

FOC:

Ys = −bY λ
φ

P φ
s

(45)

Yu = −(1− b)Y λφ

P φ
u

(46)

Dividing them gives:
Ys

Yu

=
b

1− b

(
Ps

Pu

)−φ

(47)

Appendix 5. Ideal price index in case of CES function

The ideal price index of the CES function:

Y =
[
b1/φY (φ−1)/φ

s + (1− b)1/φY (φ−1)/φ
u

]φ/(φ−1)
(48)

is the following:

Py =
[
bP 1−φ

s + (1− b)P 1−φ
u

]1/(1−φ) (49)

The ideal price index is the optimal cost. The cost minimization prob-
lem:

minPsYs + PuYu (50)
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st
Y =

[
b1/φY (φ−1)/φ

s + (1− b)1/φY (φ−1)/φ
u

]φ/(φ−1)
(51)

Forming the Lagrangian gives:

L = PsYs + PuYu

−λ
[
Y −

[
b1/φY (φ−1)/φ

s + (1− b)1/φY (φ−1)/φ
u

]φ/(φ−1)
]

(52)

FOC:

Ys = −bY λ
φ

P φ
s

(53)

Yu = −(1− b)Y λφ

P φ
u

(54)

Y =
[
b1/φY (φ−1)/φ

s + (1− b)1/φY (φ−1)/φ
u

]φ/(φ−1)
(55)

Substituting first two FOC (53) and (54) into the third one (55), it is
possible to get λ:

λ = −
(
bP 1−φ

s + (1− b)P 1−φ
u

)1/(1−φ) (56)

Substituting λ from (56) into FOCs (53) and (54) we get Ys and Yu as
functions of Y and prices:

Ys =
bY

P φ
s

(
bP 1−φ

s + (1− b)P 1−φ
u

)φ/(1−φ) (57)

Yu =
(1− b)Y

P φ
u

(
bP 1−φ

s + (1− b)P 1−φ
u

)φ/(1−φ) (58)

Finally substituting (57) and (58) into the cost function:

PY = PsYs + PuYu (59)

we arrive at the ideal price index presented by (49).

Appendix 6. Profit maximisation

Firms maximise the following profit function:

Πj
i = P j

i Y
j
i −Wi(1 + Ts)L

j
i (60)

choosing labor demand. FOC:

∂Πj
i

∂Lj
i

= P j
i hi +

∂Pi

∂Y j
i

hiY
j
i −Wi(1 + Ts) = 0 (61)
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=⇒ P j
i hi +

∂Pi

∂Y j
i

hiY
j
i −Wi(1 + Ts) = (62)

=⇒ P j
i hi +

∂Pi

∂Y j
i

hiY
j
i

Pi

Pi

−Wi(1 + Ts) = 0 (63)

=⇒ P j
i hi − εhiPi −Wi(1 + Ts) = 0 (64)

From which firm’s optimal pricing decision is:

=⇒ Pi =
Wi(1 + Ts)

(1− ε)hi

(65)

Appendix 7. The impact of wages on prices

Wages have an impact on prices and through prices on the demand
for goods. The impact works through the following mechanism: the wage
level of each specific labor group has an impact on the price of the goods
they produce Pi = 1

1−ε
Wi(1+Ts)

hi
for i = u, s which has an impact on the

aggregate price level of domestic goods Py =
[
bP 1−φ

s + (1− b)P 1−φ
u

]1/(1−φ)

which has an impact on the consumption price level:
Pc =

[
qP 1−κ

m + (1− q)P 1−κ
y

]1/(1−κ). This is also described in figure 2,
where wu is the wage of low-skilled workers and ws is the wage of high-
skilled workers.

Figure 2: Impact of wages on prices

Appendix 8. Labor demand

There is no first stage impact from the wage rate on labor demand. The
secondary effects take place through the dependence of price on demand.
Demand for goods depends on income, while income depends on labor
demand. In the following, the lowest level of utility maximisation is looked
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at. An assumption is made that income at this level is constant, although
in the model it depends on the relative prices of next stage aggregate
goods and labor demand.

Assume that the income of a household is I, which is the sum of
expenditure on goods produced by different firms.

I =
∑

j

Y j
i P (66)

Therefore we can write the sum of the goods as a function of income and
price (all the goods are sold at the same price).∑

j

Y j
i =

I

P
(67)

Commodities produced by different firms j = 1, ..., Ni of one type are
substitutable with each other according to the following CES function:

Yi =
[∑Ni

j a
1/η
ij Y

j(η−1)/η
i

]η/(η−1)

and Pi =
[∑Ni

j aijP
j(1−η)
i

]1/(1−η)

where

P j
i is the firm dependent price of good.

When prices are the same for all goods then the production from firm
i is a constant share of total production:

Y j
i = ai

(∑
ai

)η/1−η

Yi = ciYi (68)

As
∑
Y j

i = (
∑
ci)Yi and Yi = I

P
P

ci
we get that

Y j
i = ciYi =

Ici
P

∑
ci

(69)

Using the production function: Y j
i = hiL

j
i and that P = Wi(1+Ts)

hi(1−ε)

hiLi =
Ici∑

ci
1

1−ε
W (1+Ts)

hi

=
Icihi(1− ε)

W (1 + Ts)
∑
ci

(70)

we can write the labor demand function for a specific firm:

Lj
i =

Ici(1− ε)

W (1 + Ts)
∑
ci

(71)

and labor demand for low-skilled and high-skilled labor:

Li =
Yi(1− ε)

Wi(1 + Ts)
(72)

The dependence of labor demand on wage is described as the second stage
impact in figure 3.
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Low-skilled High-skilled

Figure 3: Labor demand

Appendix 9. Maximisation of Nash function

The Nash function to be maximised is:

Ωu = Λα
uΓ1−α

u =

(PuYu −Wu(1 + Ts)Lu)
α
(
L1/2 [Wu(1− TAu)−Bu]

1/2
)1−α

(73)

Where the average tax equals the marginal tax minus the tax allowance
TA = TM − F ·TM

W ·S . FOC14:

∂Ωu

∂Wu

= −α (PuYu −Wu(1 + Ts)Lu)
α−1 L(1 + Ts) ·(

L1/2 [Wu(1− TAu)−Bu]
1/2

)1−α

+

(PuYu −Wu(1 + Ts)Lu)
α (1− α)

(
L1/2 [Wu(1− TAu)−Bu]

1/2
)−α

·

L1/2
u

1

2
[Wu(1− TAu)−Bu]

−1/2 (1− TM) = 0 (74)

From which we can get

− α
(
L1/2

u [Wu(1− TAu)−Bu]
1/2

)
Lu(1 + Ts) +

(PuYu −Wu(1 + Ts)Lu) (1− α) ·

L1/2
u

1

2
[Wu(1− TAu)−Bu]

−1/2 (1− TM) = 0 (75)

=⇒ −α(Wu(1− TAu)−Bu)Lu(1 + Ts) +

(
1

1− ε
− 1)(1 + Ts)WuLu(1− α)

1

2
(1− TM) = 0 (76)

14In the optimisation process, the union does not take into account that benefits
and tax allowances depend on the wage. The firms’ pricing decision is also not taken
into account.
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After some manipulation we arrive at

Wu

[
1

2
(1− α)

ε

1− ε
(1− TM)− α(1− TAu)

]
= −αBu (77)

From which it is directly seen, that the wage equals:

Wu =
αBu

1−TM

α 1−TAu

1−TM
− 1

2
(1− α) ε

1−ε

(78)

When α = 1 then:
Wu =

Bu

1− TAu

(79)

Appendix 10. The impact of labor market institutions on the
low-skilled workers’ wage

In the following, the first stage impact of the labor market institutions
on the low-skilled workers’ wage is described. Taking into account that
Bu = Ru

2
(Wu + Ws) and TAu = TM − fuTMMu

Su
, we can write the wage

function as:

Wu =

αRuWs

2(1−TM)

α
(
1 + fuTMMu

Su(1−TM)

)
− 1

2
(1− α) ε

1−ε
− Ruα

2(1−TM)

(80)

Holding Su constant we can write the impact of the tax allowance
parameter on the wage:

∂Wu

∂fu

=
− αRuWs

2(1−TM)
α TMMu

Su(1−TM)[
α

(
1 + fuTMMu

Su(1−TM)

)
− 1

2
(1− α) ε

1−ε
− Ruα

2(1−TM)

]2 < 0 (81)

and the impact of the marginal tax rate on the wage:

∂W

∂TM
=

αRuWs

2(1−TM)2

[
α

(
1− fuMu

Su

)
− 1

2
(1−α)ε

1−ε

]
[
α

(
1 + fuTMMu

Su(1−TM)

)
− 1

2
(1− α) ε

1−ε
− Ruα

2(1−TM)

]2 < 0 (82)

Appendix 11. Efficiency wage

The utility of a shirker is:

rVS = W − (ρ+ υ)(VS − VU) (83)
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The utility of a non-shirker is:

rVN = W − e− υ(VN − VU) (84)

The utility of an unemployed worker is:

rVU = B + ψ(VN − VU) (85)

The condition of working is VN = VS.

Subtract 84 from 83 and assume VN = VS:

r(VS − VN) = e− ρ(VN − VU) (86)

=⇒ VN − VU =
e

ρ
(87)

From 84:

W = e+ rVN + υ(VN − VU) = e+ rVU + (r + υ)(VN − VU) (88)

From 85:

W = B + e+ (ψ + r + υ)(VN − VU) = B + e+ (ψ + r + υ)
e

ρ
(89)

In equilibrium:
υL = ψ(S − L) (90)

Substract υS from both sides:

υL− υS = ψ(S − L)− υS (91)

=⇒ υ + ψ =
υS

S − L
(92)

From which we get the wage equation:

W = B + e+
(
r +

υ

U

) e

ρ
(93)

It is easily seen that the wage is higher, when the benefit is higher, and
the wage is lower, when the unemployment is higher.
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Appendix 12. Data description

Labor income is divided between skill groups using hourly wage ac-
cording to education level from the labor force survey data. Labor is
divided into low-skilled and high-skilled according to data about the edu-
cation levels of the labor force. People with less than basic education and
those with basic education, vocational secondary education subsequent to
basic education and together with secondary education are considered to
be low-skilled labor. All other people are considered as being high-skilled
labor.

Data about hourly wages according to level of education is obtained
the from labor force surveys, but this data does not match the wage
data from enterprises and national accounts. However, data about wages
according to levels of education should give some information about the
proportional divisions of wage income between low-skilled and high-skilled
labor. According to the labor force survey data, the high-skilled workers
wage is 1.4 times higher than the low-skilled workers wage (including
income taxes). An assumption is made that the same proportion holds
for the total wage income.

The income approach is used to calculate national income (produc-
tion), in order to have as correct data as possible to describe the labor
market. Using the income approach, GDP is formed using wages and
employers’ social security contributions plus operating surplus and mixed
income. The data is obtained from the cost components of value added
by the institutional sector from national accounts statistics.

Data from national account statistics on profits is reduced by interest
rate payments to shareholders. The interest rate payments to sharehold-
ers are calculated based on the enterprise data on equity and assuming
that the average interest rate is 8 percent. According to financial statistics
of enterprises, equity at the end of 2001 was 70,218.4 altogether in non-
financial corporations with more than 20 employees. Therefore, interest
rate income would be 5,617.5 assuming that interest rate is 8 percent.

All the national income is either consumed by private agents or by the
government. Private consumption in the model is not equal to private
consumption in the national accounts statistics, but is calculated as a
residual from the wage income and profits. Wage income reduced by
income tax is calculated from wages including taxes using data on tax
allowances and marginal tax rates.
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The government’s budget is constructed from the actual revenue from
income and social security tax. The data about tax incomes comes from
general government receipts and disbursements from national accounts
statistics. (The sum of income and social security tax income is close
to the actual government budget minus the production taxes, which are
excluded from the GDP, minus the current transfers within general gov-
ernment.) In the model economy, with no other taxes than social security
and income tax, there are no other income sources for the government,
i.e. all the other income sources for the current government budget do
not exist in the equilibrium.

The government pays benefits. The size of the benefits is calculated
based on the replacement rate for the representative worker in that skill
group. The total sum of benefits in the government budget is calculated
based on data on unemployment and the size of the benefits. There is
a significant difference between the actual benefits paid according to the
government budget and the calculated data. The difference has no impact
on the results from the consumption side, due to the fact that higher
benefits payments reduce government consumpiton, and in the model,
government consumption is similar to private consumption. However, the
size of the benefits has an impact on labor supply. Therefore, to be able
to describe the actual impact, it has to be assumed that all unemployed
receive the potential benefit for an average person.

The unemployed in 2001 received unemployment assistance of 400 EEK
per month and social benefit, which covered expenditure on housing plus
additional 500 EEK per month per household member. The data on
expenditure on housing comes from Household Living Niveau 2001. In
2001 expenditure on housing was 4,152 EEK per household member per
year. Making the assumption that there are 0.5 non-working members in
the household per average person in the labor force (the average size of
the household altogether is 2.4 according to the household living niveau),
then benefits amount to 15.2 thousands Estonian kroons per year.

Table 5: Government budget
High-skilled Low-skilled Total

Income tax 6,157 1,308 7,465
Social security tax 9,293 2,166 11,459
Total government income 15,450 3,474 18,924
Benefits 763 500 1,263
Government consumption 17,661
Total government expenditure 18,924

Government consumption is a residual of tax income and benefits.
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It is assumed that the model describes the equilibrium process, there-
fore the assumption is made that exports and imports in 2001 were the
same (in reality in 2001 imports were larger than exports by four percent
according to expenditure side national accounts data). Intermediate con-
sumption and investments are excluded from the actual imports. Data
about the use of imports is obtained from the 1997 input-output tables.
The assumption is made that the same shares of imports’ use existed then
as for 2001. The imports figures used in the model are 19 percent of the
actual, and from the imports used in the model 88 percent is consumed
by households and 12 by government. Exports are calculated as being
equal to imports.

Table 6: Use of imports by institutional sector
1997 percent 2001

Intermediate consumption 34,647.3
Households 9,688.0 0.171 15,588
Government 1,262.0 0.022 2,005
Final consumption 10,950.0 0.193 17,593
Capital 9,430.0
Exports 1,693.0
Total use 56,720.3 91,157.3

The SAM matrix is constructed from the data described. Table 7
describes the basic SAM structure, based on Lofgren et al (2002).
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