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1. Introduction

Unemployment is an important problem in the Estonian economy.
Estonia encountered especially high unemployment at the end of
1990s. From an unemployment rate of 1 percentin 1990, by 2000
the unemployment rate in Estonia had reached 14 percent. It de-
creased to its current level of 10 percent by 2003. This is still
creating a significant problem for the economy. (R&m and
Viilmann (2003 for an overview of unemployment in Estonia.)

During recent years, there have been several labor market policy
reforms and there are further changes planned, including changes
in the social benefits, income tax rate 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 account the relevant labor
market institutions such as benefits, taxes and legally binding min-
imum wage. The model frolovenberg et al2000 is used with

the addition of an efficiency wage section basedStiapiro and
Stiglitz (1984.

The model incorporates two imperfect labor market theories: the
right to manage union bargaining and the efficiency wage the-
ory. In the right to manage union bargaining modelNigkell

and Andrewg1983, 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 fromShapiro and Stiglit£1984) is used.
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Applied general equilibrium models incorporating imperfect la-
bor markets have often been used to analyse tax reforms. The
current paper uses the model Bgvenberg et al(2000, which
introduces the right to manage union bargaining in a general
equilibrium framework and is calibrated to Dutch data. An-
other applied general equilibrium model with union wage bar-
gaining,Bohringer et al(2002, analyses the effects of taxes and
social security payments calibrating the model to German data.
The impact of payroll tax has also been analysed using a de-
veloping country model with an informal sector Byrtin et al.
(1997. To distinguish the impact of tax reforms on different la-
bor groups, models with heterogeneous households which differ
in their preferences with respect to labor supply, have been used
(seeGraafland et al(2001), Boeters et al(2004)).

The contribution of the current paper is that it calibrates the gen-
eral 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 employ-
ment. The simulations produced by the model should be consid-
ered as the first excersise for observing labor market policies in
Estonia in a general equilibrium framework. Therefore, the results
from the model should be interpreted with caution, especially as
the parameter values of the model are calibrated based on the es-
timates of other countries, as there are no such estimates available
for Estonia.

The model is solved using the General Algebraic Modeling Sys-
tem (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 de-
scription 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 ben-
efits 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 institu-
tions such as unions, unemployment benefits, taxes. In this section
a short overview is given of the wage setting system, unemploy-
ment 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 collectively by unions. Sectoral bargaining is absent
except in transportation and in some public sectors such as edu-
cation. Enterprise level wage negotiations 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 Esto-
nia seeKallaste(2003, Eamets and Kallast@004). However,
unions and employers’ organisations play some role by setting
the national minimum wage. The importance of the national min-
imum 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 wageinnosaar and R3612003. There-

fore 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 Bynnosaar and R66m
(2003, increases in the minimum wage in 1995-2000 have de-
creased 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 av-
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erage wage, according to an agreement between unions and em-
ployers.

Unemployment benefit in Estoniais very low and households with
no other income receive social assistance benefit, the size of which
depends on the structure of the household and its aggregate in-
come. In a household with no working members and no alterna-
tive 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 percérithe impact of benefits on labor
supply was analysed biuddo et al.(2002, but no significant
effect could be detected. Although a significant impact from ben-
efits was found on the intensity of job search of the unemployed in
the study byHinnosaal(2004). An unemployment insurance sys-
tem was introduced in Estonia in 2002 and unemployment insur-
ance 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 mod-
erately progressive. The income tax rate is 26%n 2001 the
average income tax rate on the average wage was 21.2% and on
the minimum wage, 9.5%R65m(2003). R66m (2003 analyses
Estonian taxes in comparison to other countries and concludes

1Unemployment benefit is 400 Estonian Kroons, which is less than 30% of the nation
wide minimum wage; social assistance benefit guarantees 500 Estonian Kroons per person
in each household, after the costs related to dwelling are substr&etedd et al (2002).

2|t should be noted that the Estonian tax system is unproportional for production fac-
tors, 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 laB@%fn (2003). The
average effective tax rate on capital was 13.4% and 10.9% in 2000 and 2001 respectively
(R66m (2003). However, in the current paper the role of capital and its taxation is not
considered.
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that payroll tax in Estonia is somewhat higher than the average in
OECD countries and slightly lower than the EU averddgihere

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 fr&ovenberg et al2000),
with the main exception of high-skilled workers’ wage formation,
where the efficiency wage concept is introduced baseshapiro
and Stiglitz(1984). The model used in the current paper is a sim-
plification of the model inBovenberg et al(2000 in terms of
not including the informal labor market, job matching and hir-
ing costs. The other difference from tBevenberg et al(2000
model is the distinguishing of income and social security tax, in-
stead of just payroll tax. The distinction is made in order to de-
scribe 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

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 3B@8m(2003).
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policy and therefore capital, investments and savings are not in-
corporated into the model.

The production process is described by a linear production func-
tion, where labor is the only factor used. In order to incorpo-
rate large differences in unemployment rates in Estonia by skill
groupd, low-skilled and high-skilled (which differ by productiv-
ity), are modelled separately. The assumption is made that labor
is not mobile between different skill groups. There is a fixed num-
ber of firms and each firm uses only one type of labor. 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 pro-
vides the incentive for unions to exist and bargain about the prof-
its.

There are three types of households in the economy: two worker
households, low-skilled and high-skilled, who receive labor in-
come and unemployment benefits, and capitalists who do not sup-
ply 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 domestically produced composite
good. As mentioned, there are two types of goods produced in the
home and foreign country: goods produced by low-skilled work-
ers and by high-skilled workers. At the lower level, households

4Unemployment in Estonia is concentrated mainly among people with a poor educa-
tion. 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).
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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 con-
sumption. In households’ consumption imported goods have a
significantly larger share.

Wage setting is described using union bargaining and the effi-
ciency wage concept, which both create involuntary unemploy-
ment. For example, when looking at survey data on the unem-
ployed, 16% reported in 2003 that they were willing to take a
full time job with a wage of 2000 EEK (Statisical Database. So-
cial life: labor market. From Statistical Office of Estonia), which
was lower than the minimum wage (2160 EEK). Therefore, the
Estonian labor market cannot be described using a competitive
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 (seeHinnosaar and R606rt2003). Therefore, wage set-
ting for low-skilled labor is modelled as a bargaining process be-
tween unions and employers, where unions care about both the
low-skilled workers’ wage income and their employment. In the
model, the high-skilled workers’ wage is determined as an effi-
ciency 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 unem-
ployment benefits and public consumption. Public consumption
has the same structure as private consumption but not in the case
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of imports. The government has a balanced budget, which de-
scribes the actual situation for EstoRia.

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 appefdix

3.2. Households

At the top level of the utility maximisation process, worker house-
holds observe their state in the labor market, where they are either
employed or unemployed); worker households who are em-
ployed, maximize utilityd;” subject to a budget constraints and a
time constraint. Utility depends on consumptioft, leisureZ;”

and public consumptio@';, which enters the utility function in an
additively separable way and therefore public consumption does
not directly effect private utility maximization choices:

Hi" = (G, Zi") + 9(G) (1)

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

_ _ 0/(6—1)
u(Cm, 7y = [at /o009 4 (1 — gy zre—/e) "

(2)

whered andd are the parameter and substitution elasticity of the
CES function. The utility function is maximised with respect to

5According 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.
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two constraints. First the budget constraint, which is given by:
(1-TA)W;S™ = P.C" 3)

whereT A; is the average income tax rate on gross labor income,
W; is the wage rateS;" is labor supply in hours an& 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 unfty = 1 — Z™.
(Some minimal amount of hours are excluded from houshold’s
total time endowment.)

From utility maximization with respect to budget and time con-
straints, we get the labor supp$y, which is M; times the labor
supply of one workes:®

Si = 4 1=d ((1_TPAi)J\Vf) ((1—T§1)Wi>*9 (4)

Note thatT’A; = TM — sm i~ T M, whereT' M is the marginal

tax rate andF; is the tax allowance which is a function of wages
Fy = fiw,

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

P.C =Y [(1—TA)W;L; + BU;Si] +1I (5)

whereL; is employment,B; is unemployment benefit and, =

(S; — L;)/S; is the unemployment rate of labor typeunemploy-
ment is measured in hours as the difference between labor supply
and demand.

8For derivation of the labor supply function see apperilix
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At the next level utility maximisation, the choice is made be-
tween two aggregate goods: one produced domestically and the
other imported. Domestic and foreign commaodities are imper-
fect substitutes. Demand for the two commodities is described by
a CES function:C' = ¢(C,,, Cy), whereC,, is private demand

for foreign good and’y is private consumption of domestically
produced goods. The CES function describing the demand is the
following:

k/(k—1)
C = ql/nC;(:fl)/ﬂ + (1 - q)l/ncénfl)/n /( (6)

whereq and x are the CES function parameter and substitution
elasticity. From FOC we get the optimal allocation of consump-
tion:

Cm q P, s
Zm 9 (1Im 7
Cy 1_Q<Py> ")

where P, and P,,, denote ideal price indexes for domestic and
imported goods. It should be noted that public consump@ion
has the same structure as private consumption.

At the next level, the optimal allocation of production over two
composite commodity types= u, s, which are produced by ei-
ther 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 util-
ity function:

#/(¢p—1
Y = b1/<f>ys(¢>—1)/<l5 +(1- b)1/¢Yé¢_1)/¢ /(¢—1) ®)

where ¢ is the elasticity of substitution between the two com-
posite commodities antlis a share parameter. From first-order
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conditons we arrive at the following optimal allociatién:

Yo b (R ©

Y, 1-b\P,
where P; and P, are the prices of skilled and unskilled goods.
The parametep can be considered as the substitution elasticity

between low and high-skilled labor. The aggregate ideal price
index P is:®

(10)

1/(1—¢
P, = |bP} %+ (1~ b)Pg—ﬂ [

Commoditities produced by different firmjs= 1, ..., N; of one
type are substitutable with each other according to the following
CES function:
N, n/(n—1)
Y, = Zagj/nl/ij(n—l)/n (11)
J
whereq;; is the share parameter ands the substititution elastic-
ity between commodities produced by different firms of one type.
The substitution elasticity is independent of firm. Ideal price in-
dex (a unit cost functionp; is the following:
N, ‘ 1/(1-n)
P, = Z aijPiJ(l_n) (12)
j

WherePZ? is the firm dependent price of goods.

"For derivation of the first-order conditions see appertlix
8For derivation of the ideal price index see apperidix
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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-skilledi = u, s, there is a fixed number of firm¥;. Firm's

produce outpqu.j using IaborL{ as the only input. Production
takes place according to the linear production function, where
describes labor productivity of skill type:

Y = hL! (13)

Firms act in monopolistic competition, maximizing their profits
I/, where they have impact on pric&$:

I = P/Y] - Wi(1+ T,) L (14)

The costs of the firm are determined by the wage Vétesocial
security tax ratd’; and the amount of labor employdd. From
the FOC of profit maximisation, their optimal strategy is to set
prices as a mark-up over marginal cdst:

1 W+ T
Pl = : s 15
¢ 1—¢ h; (15)
wheree = — 522 X denotes the inverse price elasticity of product

demand® In symmetric equilibrium the mark-up is independent
of firms of one type and all firms set the same pfit&irms get

9For derivation of the price equation see apperigix

191t follows the standard monopolistic competition model introducedDiyit and
Stiglitz (1977).

11The price elasticity of product demand equals the substitution elasticity of goods
e = 1/n 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 fktfm =
ai; Y (N j(1—n)\ /(1=
pj7(n) (Zj ai; P; )

with respect toPZ.j and assume;; — 0.
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positive profits due to the mark-up. The aggregate profits all
firms are given by the following:

Ni
m=>y"Y"1 (16)
i

3.4. Labor market
Wage bargaining

For low-skilled workers wages are determined by a right to man-
age, unions bargaining model, where the union and the employ-
ers’ organisation bargain over wages and employers determine
employment. In the bargaining process the following Nash func-
tion is maximised:

Q, = A°TL@ 17)

subject to the optimal labor demand chosen by firms, where
Ay, = P,Y, — Wy (1 + Tg)L, is the utility of the employers’ or-
ganisation and’, = L'/2[W,(1 — TA,) — B,]"/? 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 equatior?

aB,
W— T—TM (18)
u 1-TA 1 p
i — (1 — )75

12For derivation of the wage function see apperfelix
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Efficiency wage for high-skilled workers

High-skilled workers, based on ttghapiro and Stiglit1984)
model, receive an efficiency wage. Working takes some effort,
which gives disutility to workers. The workers who do not pro-
vide 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 em-
ployed but does not provide effort — a shirking worker — takes into
account that he might become unemployed, his expected utility is:

Vs =W —(p+v)(Vs — Vi) (19)

wherer is the discount ratel} is wage,p is the probability of
getting caught of shirking, is the exogeneous probability of quit-
ting the job and/;; is the utility of the unemployed worker. The
worker who provides effort — a non-shirker — might also become
unemployed for exogeneous reasons, his expected utility is:

V=W —e—v(Vy — V) (20)
The utility of the unemployed worker is:

rVu =B+ ¢V — V) (22)
wherey is the probability of finding a job.

Firms would like to pay a wage whe#éy > Vg, 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?

W:B+e+(r+%)§ 22)

whereU is the unemployment rate.

13For derivation see appenda
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3.5. Government

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

P.G = Z [TA;W;L; + TsW; L; — B;U;S;] (23)

The assumption is made that the marginal tax rate and unemploy-
ment benefits are uniform for low-skilled and high-skilled work-
ers. Unemployment benefits are indexed to wages in the following
way:

B — R, <Wu + Ws>

; (24)

whereR); is the replacement rate.

3.6. Foreign trade

Exports X, 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:

z P, -

wherez is the share parametérthe elasticity of substitution?,
andP,, are the prices of goods produced in the home and foreign
country andC'y is private and public consumption in the foreign
country of locally produced goods.
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3.7. Equilibrium

There is equilibrium in the goods market. Aggregate supply of
domestic goods” is equal to domestic private demangj plus
government demand,, and foreign demand’,:

Y =Cy+Gy+ X, (26)

Also, total imported goods equal exported goods. Balance of pay-
ments equilibrium:

P (Cr 4+ Gr) = Py X, (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, vo-
cational 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 La-
bor 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 ac-
counts, and reduced by the share of interest rate income for the
owners of the capital.

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

National accounts
Y = 60868.004 C = 43206.84 G =17661.16 II = 13764.00
Xy =17593.00 Cm = 15588.00 Gy = 2005.00

Labor market

L, = 142.10 Sw = 175.00 Uy = 0.19 Wy = 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

¢=10.5 k=20 0=20 £E=20

a = 0.1822 e = 0.2261 p=02 r=0.1

v =0.05

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

in 1997. 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 appeHdix

The marginal income tax rate is set equal to the acGalercent

and tax allowance to the twelve thousands per worker per year.
While 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 per-
cent 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, basedHemermest{1993. The
substitution elasticity of leisure and consumption is set equal to
2 (Bovenberg et al{2000 have the elasticity equal to 4 for both
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skill groups). The Armington elasticity and transformation elas-
ticity are both set equal to 2 basedBavenberg et a2000 and
Bohringer et al(2002 (see alsdHertel (1997 for estimates of
Armington andde Melo and Tar{1992 for transformation elas-
ticities). Employers bargaining power is calibrated to match the
wage data.

5. Simulations

5.1. Description

The simulations that are run include changes in tax rates and ben-
efits, which describe either the recently passed reforms or cur-
rent reform proposals. The changes in the policy are financed by
ex ante decrease in public consumption by 0.5%. The impact of
the changes are analysed on the following endogeneous variables:
production, consumption, labor supply, employment, unemploy-
ment, producer wages, consumer wages and welfare.

The simulation 1 of an increase of benefits by a same amount for
both skill groups, characterizes an increase in the flat rate unem-
ployment benefits by a same amount for both skill groups. The
reform proposal is raised due to the current small flat rate unem-
ployment assistance benefits. The simulation 2 of the replacement
rate increase for high-skilled workers, describes the reform, where
the replacement rate is increased only for the workers with the
lower initial replacement rate. The starting point for the reform
is the situation, where replacement rate is higher for low-skilled
workers and lower for high-skilled workers, which was the sit-
uation in Estonia before the introduction of the unemployment
insurance system. The introduction of the unemployment insur-
ance benefits increased replacement rate for high-skilled workers.
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The simulation 3 of the tax allowance increase by a same amount
for both skill groups illustrates tax allowance increase which took
place in 2004 and there is a proposal to increase the tax allowance
further. The simulation 4 of the tax allowance increase for low-
skilled workers, can be considered as a measure similar to tax
credit. The reform would be aimed at increasing the employment
of low-skilled workers by lowering the costs of employing them.
The last simulation of a decrease of the marginal tax rate is de-
scribing the reform, which is planned to take place in Estonia in
2005 and according to the law the marginal tax rate will be de-
creased further in the coming years.

5.2. Simulation results

Simulation results as percentage changes are reported in2table
The aggregate welfare measure is calculated based on eqliation
in order to create one aggregate measure to compare the simula-
tions. Aggregate welfare depends on the sum of the utility of the
three household types plus government consumption. Therefore,
it depends on leisure and production.

In the following, some of the main impact channels of the simula-
tions are described. An important channel works via demand for
goods and labor. The marginal tax rate, tax allowance and benefits
have direct impact on producer wage, which affects labor demand.
Higher wage costs increase prices, which have impact on exports.
Due to the higher domestic price level exports decrease. When do-
mestic demand decreases, then demand for labor decreases. The
decrease in employment decreases the demand for labor further as
the domestic demand for goods decreases too. This leads to lower
employment and higher unemployment.

The model is specified in a way that high-skilled labor takes into
account a probability of becoming unemployed. Therefore, when
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Table 2: Simulation results

1 2 3 4 5
Production and welfare
Production -3.17 -064 0.29 156 0.16
Private consumption -1.42  -0.19 0.30 0.93 0.32
Public consumption -6.60 -1.59 0.14 259 -0.33
Exports -1.73  -0.30 0.24 0.96 0.21
Welfare -2.76 0.07  0.00 159 0.67
Prices and wages
Production price 0.87 0.15 -0.12 -0.48 -0.11
Consumption price 0.56 0.10 -0.08 -0.31  -0.07

High-skilled producer wage -1.69 0.15 0.25 1.01 -0.09
Low-skilled producer wage 12.21 0.16 -1.70 -6.71 -0.18
High-skilled consumer wage -1.58 0.19 0.54 0.97 0.22
Low-skilled consumer wage 13.03 0.21 -1.40 -5.62 0.09
Labor market

High-skilled employment -191  -0.63 0.10 0.80 0.15
Low-skilled employment -8.19 -0.64 1.09 4.89 0.20
High-skilled labor supply -0.77 0.02 0.01 0.45 0.17
Low-skilled labor supply 3.68 0.02 -0.70 -2.89 0.15

High-skilled unemployment 9.10 5.68 -0.79 -2.66 0.29
Low-skilled unemployment 56.41 296 -8.68 -37.46 -0.09
Replacement rates and taxes

High-skilled replacement rate 7.01 11.60 0.00 0.00 0.00
Low-skilled replacement rate 7.01 0.00 0.00 0.00 0.00

High-skilled average tax -0.43 -0.14 -1.06 0.17 -1.15
Low-skilled average tax -3.00 -0.22 -1.27 -4.83 -1.12
Marginal tax 0.00 0.00 0.00 0.00 -1.19

Notes: Simulation 1: a benefits increase by the same amount for both skill groups, which
is an increase in the replacement rate for both skill groups; Simulation 2: a benefits in-
crease for high-skilled workers, which is an increase in the replacement rate for high-
skilled workers; Simulation 3: an increase in the tax allowance by the same amount for
both skill groups; Simulation 4: an increase in the tax allowance for low-skilled workers;
Simulation 5: a decrease in the marginal tax rate.

unemployment is high then high-skilled labor in the model is will-
ing to accept a lower wage. Wage for low-skilled workers is bar-
gained by a union, on whose objective function a decrease in em-
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ployment has less impact. This has important consequences on
the results, as a decrease in employment has moderating impact
on high-skilled workers’ wage while not on low-skilled workers
wage. The specification describes the Estonian situation in a quite
realistic way, because in the model the share of the wages, which
are bargained by union, is about equal to the share of the wages,
which are close to minimum wage in reality.

It should be noted that an increase in the wage of one skill group
has impact on the wage of the other skill group, through a link be-

tween average wage level and benefits: benefits of one skill group
depend on the wages of both skill groups. The assumption is es-
pecially appropriate in case of flat rate benefits, as it is realistic

to assume that flat rate benefits depend on the wages of both skill
groups.

An increase in replacement rate

An increase in replacement rates for both skill groups leads to a
decrease in production and employment, and an increase in unem-
ployment. The reason of the decrease in production and employ-
ment is the one described, where an increase in wages increases
prices and therefore leads to lower demand. The general results
from the simulation are similar to the results from the partial equi-
librium analysis Hinnosaar(2004, Kuddo et al.(2002), which

also have showed either an increase in unemployment or an in-
centive to decrease labor supply.

When the replacement rate is increased only for high-skilled
workers, the increase in wages is much smaller. The reason is
that the increase in unemployment is taken into account, when
deciding the high-skilled workers’ wage. The smaller increase
in wage leads to a situation where production price increases less
compared to the case where both wages were directly increased by
replacement rate. Therefore, when the replacement rate increases
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only for high-skilled workes, the decrease in production and labor
demand is lower.

Changes in taxes

An increase in tax allowance and a decrease in marginal tax rate
(see the last three columns in taB)has a decreasing impact on
wages, this increases foreign and domestic demand, which leads
to anincrease in production and employment. The positive impact
is the strongest when the tax allowance is increased only for low-
skilled labor (the fourth column in tab®.

When the tax allowance is increased, then labor supply of both
skill groups decreases due to an income effect. The overall im-
pact of tax allowance increase is positive on labor supply of high-
skilled workers. This is due to the positive impact of tax al-
lowance on wage; the tax allowance affects wage via lowering
unemployment. A decrease in marginal tax rate increases labor
supply through a substitution effect.

Unemployment of low-skilled workers decreases in all the cases.
High-skilled workers’ unemployment decreases when tax al-

lowance is increased. However, a decrease in marginal tax rate
increases unemployment of high-skilled workers. The increase in
high-skilled workers’ unemployment takes place despite that a de-
crease in marginal tax rate increases employment. The unemploy-
ment increases as labor supply of high-skilled workers increases.

It has to be concluded that the increase in tax allowance only for
low skilled workers leads to the best results in terms of employ-
ment, unemployment and production.
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6. Concluding remarks

The purpose of the paper was to describe changes to the benefits
and labor income tax in Estonia in a general equilibrium frame-
work. The results of the analysis indicated that from the tax bur-
den decreases, an increase in tax allowance only for low-skilled
workers has the most favorable impact on the labor market. An
increase in benefits had negative impact in the model. However,
the negative impact was much smaller when the replacement rate
was increased only for high-skilled workers.

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 elastic-
ity values for Estonia and conduct the robustness analysis of the
model.

The model used in the current paper is, of course, a simplifica-
tion of Estonian economy. The model could be extended to in-
clude capital, savings and investments. Addititionally, a dynamic
framework would give valuable information in the analysis. For

example, it would be especially useful to analyse labor market
policies in relation to changes in human capital creation.
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SISUKOKKUVOTE

Sotsiaaltoetuste ja maksude moju Eesti tdoturule:
anallits Uldise tasakaalu raamistikus

Kaesolevas artiklis analtisitakse toetuste ja maksude muutmise
moju Eesti to6turule lihtsa arvutusliku Uldise tasakaalu mudeli
abil. T6os kasutatakdBovenberg et al(2000 mudelit, mida on
taiendatud efektiivsuspalga osaga, tuginesleapiro and Stiglitz
(1989 artiklile.

Kaesolevas t00s kasutatud mudel Uhendab ametitihingu kaup-
lemise ja efektiivsuspalga teooriad. Mudel on staatiline. Kes-
kendumaks td6turule ei kaasata mudelisse kapitali, sdastmist ja
investeeringuid. Mudelis eristatakse kahte tUlpi t66joudu, Kir-
jeldamaks erineva kvalifikatsiooniga inimeste erinevat olukorda
Eesti tooturul.

Mudeliga viiakse l&bi viis simulatsiooni uurimaks toetuste ja Uk-
sikisiku tulumaksuméaara vahendamise ning tulumaksuvaba mii-
nimumi suurendamise Uldise tasakaalu efekte. Igas simulatsioo-
nis varieeritakse erinevat majanduspoliitika instrumenti voi ra-
kendatakse seda erinevale osale t66joust. Toetuste suurendamisel
on mudelis negatiivne mdju té6turule ja kogutoodangule, kuid
negatiivne mdéju on suhteliselt vaike, kui toetused suurenevad vaid
korge kvalifikatsiooniga t66joul. Maksukoormust vahendavatest
simulatsioonidest on madala kvalifikatsiooniga t66jou tulumak-
suvaba miinimumi suurendamisel kdige positivsem moju t66-
turule ning kogutoodangule.

Kaesolev t66 on esimene katse uurida Eesti to6turureforme l-
dise tasakaalu raamistikus. Selles t60s kasutatud mudel on Eesti
majanduse lihtsustatud kujutis ja t66 tulemuste konkreetsel t6l-
gendamisel tuleb olla ettevaatlik ning arvestada, et tulemused sol-
tuvad oluliselt mudeli kujust ja parameetritest. Kaesolevas t60s
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tehtud simulatsioonid néitavad, et Uldise tasakaalu efektid voi-
vad erineda osalisest tasakaalust, mistottu peaks uldise tasakaalu
mudelitel olema oluline koht majanduspoliitika analtiusis.
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Main equations of the model

HOUSEHOLD
Labor supply:

SA — M,
T i1 ( <17TAi)wi) (ufm)wi)*e
d Pe Pc

Private consumption:
pcC =>,[(1 —TA;)W;L; + B;U; S| +
Demand for home produced goods:

C = [ql/ncqgf—l)/ﬁ + (1 _ q)l/nc?sf‘i—l)/"i]

Demand for imports:
Co — a (Pu)"

Cc, — 1-q \ P,
Demand for high-skilled labor goods:
Y — [b1/¢y's(¢_1)/¢ + (1 _ b)1/¢Y1L(¢_1)/¢:| ¢/(¢=1)

o/ (k1)

Demand for low-skilled labor goods:
Yo _ b (i) ¢
Y.  1-b \ P,

FIRM
Labor demand:
Y/ = L]
Price:
P = LW
Profit:
= PlY] - Wi(14T,)L?
Aggregate proflts
I=>", Z HJ
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LABOR MARKET
Low-skilled wage:

_ aB.,/(1=TM)
Wy = al=1A —1(1-a)e/(1—e¢)

1-TM

High-skilled wage:
Wy=B,+e+(r+d)s
Unemployment:

Ul' = (SZ — LJ/SZ

PRICES
Domestic aggregate price:

P, = {bPSH5 +(1-0)
Aggregate consumption price (2):
Po=[qPL "+ (1 - q)py] 0

pi-o]1/1-9

GOVERNMENT

Government consumption:

P.G = Zz [TAZ'WZ'LZ' + T,W;L; — BZ‘UZ‘SZ‘]
Government consumption of imports:

P (Cr 4+ Gr) = Py X,

Government consumption of domestic goods:

k—1)/k k—1)/k w/(k—1)
G = [ql/ﬁGSn L/ + (1 _ q)l/nGg 1)/

EXOGENOUS FACTORS
Benefits:B; = R; (M)
Average taxT A, = TM — ﬁTM

Tax allowanceF; = f;W;
—£
Export demandX, = = (%) Cy

1—=z

Domestic productionY = C, + G, + X,

34
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B Labor supply

CES uitility function to be maximized is the following:

77 |7 (28)

)

=

wW(C 20 = |d7CT T+ (1 dy)

The household’s budget constraint is the following:
(1 —TA)W;S™ = P.C" (29)
Substituting the budget constraint into the utility function and tak-

ing into account tha = 1 — S, the household problem becomes
the following:

6—1
— . . Qm 0 _
g [di/‘) () T s Sz')m%l}

0

 (0)
The FOC, taking into account théﬂ“Ai =TM — %)“ is:

0-1 =T

0= {dli/e (%) T (=)o - Si)m(e—l)/9:|

P

Pe Pe

_1
af (USTASEY T 0SR-Sy @

gnl—di ((L=TA)W:\ ((1=TM)W;
Yo, P. P.

—0
) —a-sm-o0 @

14In the optimisation process, the worker does not take into account that tax allowance
depends on wage.
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From which it is easily seen that labor supply is given by the fol-
lowing formula:

1

St = = — (33)
— 1-TA,)W; 1-TM;))W,
g () ()
and multiplying byM; gives:
5 = o (34)

—_0
—d 1-TA)W; 1-TM; )W,

C First order conditions of CES

function
CES function

Y = [pVey (om0 4 (1 - p) oy (eI I,
Ideal price index:

1/(1-¢)

Py = [bPI 4 (1= 0)P;| (36)
The cost minimization problem is the following:

min Y, + PY, (37)

st

Yy — b1/¢Ys(¢_1)/¢+ (1 _b)l/d>yu(¢—1)/¢ #/(¢—1) (38)
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Lagrangian:

L=PFPY,+P,Y,

—A [Y - [b1/¢Y;<¢‘1>/¢ +(1- b)1/¢yq§¢—1)/¢} ¢/<¢>1>] (39)
FOC:
v — bY \? 0
oo (40)
Y, = _w (1)
Dividing them gives:
Y b [P\’
Y, 1-b <pu> (42)

D Ideal price index in case of CES
function

The ideal price index of the CES function:

Y = [bl/d)ysw—l)/as L1 =)y e /ﬂ WD

is the following:

}1/(1*@

Py = [bPI" + (1 - )P}~ (44)
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The ideal price index is the optimal cost. The cost minimization
problem:

min P,Ys + P,Y, (45)

st
Y = [bwys(mn/qs + (1 = b)Yey D) /ﬂ HOD e

Forming the Lagrangian gives:

L=PY,+PY,
/oy (¢—1)/¢ 1oy (6—1)/ ¢/(¢—1)
o e o

FOC:
bY \?
K= (48)
(1= bYA?
T (49)
Y = |:b1/¢Y's(¢*1)/¢ 4 (1 _ b)l/d)yu(d),l)/ﬂ é/(¢—1) (50)

Substituting first two FOCAB) and @9) into the third one%0), it
is possible to geh:

1/(1—¢

A= (stl’d’ +(1- b)Pﬁﬁ) /= (51)

Substituting\ from (51) into FOCs 48) and @9) we getY; and
Y, as functions of” and prices:

o bY 1_¢ 1_¢
Yo=—s (bPS +(1—b)P!

S

)¢/(1—¢>) (52)
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) YA 1\ ¢/ (1-9)
Vo=t (bPS +(1—b)P! ) (53)
Finally substituting $2) and 63) into the cost function:
PY = PY;+ P,Y, (54)

we arrive at the ideal price index presented &) (

E Profit maximisation

Firms maximise the following profit function:

I = PPY? — Wi(1 + T,) L] (55)
choosing labor demand. FOC:
oIl . P ,
L= Plh+ 0 hY! — Wi(1+Ty) =0 (56)
oL! oy;?
iy o 0P,
— Plhi+ ——hY] - Wi(1+T,) = (57)
Y7
— P/h; + aPZ’.h-w&—W»(HT) =0 (58)
i a,YZJ 14 Pz 1 S
— P/ — eh; P, — Wi(1 +Ts) =0 (59)
From which firm’s optimal pricing decision is:
7 Ts
— P = M (60)

(1 —¢€)h;
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F Maximisation of Nash function

The Nash function to be maximised is:

Q, = AT, =
(PuYo — Wu(l + To)Ly)" -
1-a
(L2 W1 = TA,) = B,J'?) (61)

Where the average tax equals the marginal tax minus the tax al-
lowanceT' A = TM — £ FOC:

oy,

= —a(PY, — W,(1+T)L)* ' L(1 +Ty) -
o, a Wi (1 +Ts)Ly) (1+1Ts)

l—«

(LW (Wa(l - TA,) — Bu]l/2> n
(PyYy — Wa(1 + Ts)Le)* (1 — a) -
(L1/2 Wu(l — TAy) — Bu]l/Q) -

L}/2% (Wu(l — TA,) — B,/ (1~ TM) = 0(62)
From which we can get

—a (L}/2 (Wa(1—TA,) — Bu]l/Z) Lo(1+T,) +
(PYy — Wau(1+ T3)Ly) (1 — @) -
L}/Q% [Wu(1—TA,) — B, Y2(1-TM)=0 (63)

151n 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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— —a(Wy(1 — TA,) — By) Ly (1 +Ty) +

L N+ WLl (1 - a)%(l _TM)=0 (64)

1—c¢

(

After some manipulation we arrive at

1
W, | =(1 - a)—

5 176(1—TM)—a(1—TAu) = —aB, (65)

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

aB,
Wu — _ 1-TM (66)
i — 31— o)

Whena = 1 then:

B,
We=io7a, ©7
G Efficiency wage
The utility of a shirker is:
Ve =W —(p+v)(Vs — Vi) (68)
The utility of a non-shirker is:
rVN =W —e— U(VN — VU) (69)

The utility of an unemployed worker is:
rVy=B+ TZJ(VN - VU) (70)
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The condition of working i/y = Vs. Subtractt9 from 68 and
assumd’/y = Vgs:

T(VS — VN) =€ — p(VN — VU> (71)
e
— VN — VU = ; (72)
From69:

W =e+rVy+uv(Vn—Vi) = e+rVy+(r+v)(V—Vir) (73)
From70:

Wf:l%HH{w+r+UXVN—Vb):l%HH%¢+W+®% (74)

In equilibrium:
vL =¢(S—L) (75)
Substract.S from both sides:

vL—vS =¢(S—L)—vS (76)

vS

:>U—H/J=S_L

(77)

From which we get the wage equation:

W:B—I—e+(r—|—%>§ (78)

Itis 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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H Data description

Labor income is divided between skill groups using hourly wage
according to education level from the labor force survey data. La-
bor is divided into low-skilled and high-skilled according to data
about the education 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 ob-
tained 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 in-
come 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 (pro-
duction), 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 op-

erating surplus and mixed income. The data is obtained from the
cost components of value added by the institutional sector from

national accounts statistics.
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Data from national account statistics on profits is reduced by in-
terest rate payments to shareholders. The interest rate payments to
shareholders 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
70218.4 altogether in non-financial corporations with more than
20 employees. Therefore, interest rate income would be 5617.5
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.

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 se-
curity 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 government.) 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 calcu-
lated 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 calcu-
lated data. The difference has no impact on the results from the
consumption side, due to the fact that higher benefits payments
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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 assistance benefits, 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 4152 EEK per household member per year. Mak-
ing 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 6157 1308 7465
Social security tax 9293 2166 11459
Total government income 15450 3474 18924
Benefits 763 500 1263
Government consumption 17661
Total government expenditure 18924

Government consumption is a residual of tax income and benefits.

It is assumed that the model describes the equilibrium process,
therefore 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 consumption 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
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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  34647.3

Households 9688.0 0.171 15588
Government 1262.0 0.022 2005
Final consumption 10950.0 0.193 17593
Capital 9430.0

Exports 1693.0

Total use 56720.3 91157.3
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