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Modelling the Effects of Corporate Taxation in
the Underground Economy

Konstantinos Eleftheriou”

Abstract

This paper develops a two-sector search model of the labour market in which firms in one sector (the informal sector) evade
profit taxes (underground economy). A comparative static analysis is employed to analyze the impact of corporate taxation on
unemployment, occupational choice of individuals, mix of jobs, welfare of agents and the size of informal sector. The
findings suggest that profit, firing and payroll taxation have the same effects on the above economic variables. However, if a
certain condition does not hold, then the number of individuals searching for jobs only in the informal sector decreases with
profit taxes. The above result implies that the adoption of active labour market policies, which accelerate the matching
process between employers and employees, will mitigate the positive (negative) impact of taxation on the size of
underground economy (wages).

1. INTRODUCTION

Many empirical studies indicate that the size of shadow economic activity is growing
year by year. More specifically, the increase of the size of the underground economy
(measured as a percentage of the GDP) between 1960 and 1995 for the United States
was 6%. In other OECD countries such as Germany and Norway growth was even
higher [see, for example, Schneider and Enste (2000)]. The negative impact of
growing shadow activities on the economy can take many forms. This diversity has
motivated researchers to find the main causes for the growth of underground economy
and potential remedies. A widely accepted explanation for the increasing size of the
underground sector is the existence of high marginal income tax rate [Loayza (1996),
Giles (1999a), Thomas (1992) et al.]. Higher taxes increase the incentive for tax
evasion and consequently the size of the shadow economy.

Tax evasion as a topic of theoretical investigation was first suggested by Mirrlees
(1971). Since then numerous papers have been written about the phenomenon of tax
evasion. Most theoretical analyses try to model the phenomenon of tax evasion by
using standard portfolio theory of choice and uncertainty. An early example of such a
theoretical approach is the work of Allingham and Sandmo (1972). In their model,
they examined two cases, one static and one dynamic. In the dynamic case individuals
have to make a sequence of tax declaration decisions. They argued that the impact of
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the tax rate on the reported income in the static case is ambiguous. However, Yitzhaki
(1974) showed that if the fine for tax evaders is imposed on the evaded tax and not on
the undeclared income then Allingham and Sandmo model gives a positive
relationship between tax rates and tax evasion.

Kesselman (1989) developed an intersectoral model of income tax evasion in order to
examine the general equilibrium aspects of it. In his analysis, workers are assumed to
have heterogeneous evasion costs and the outputs produced in each sector are
imperfect substitutes. He concluded that if an increase in taxation does not affect the
level of evasion costs and if the consumption pattern of government is the same with
that of households, then the higher the tax, the greater the extent of evasion. However,
if one of the above does not hold then we may get the inverse outcome.

While the above theoretical works focus on employee tax evasion, Blakemore,
Burgess, Low and Louis (1996) examined employer (corporate) tax evasion. They
showed that an increase in the payroll tax rates is likely to increase the employer tax
evasion in the Ul program. According to their analysis an increase in tax rates has two
opposite effects: (i) increases the evasion incentives by increasing the return from
incomplete disclosure and (ii) decreases evasion incentives by reducing the optimal
size of the workforce (more unemployment). Nevertheless, under certain parameter
values, the latter effect is dominated by the former one. Moreover, they empirically
verified the above findings.

The main contribution of our paper to the literature on tax evasion is the use of a
Pissarides-type matching model of the labour market where workers have
heterogeneous productive skills." More specifically, we examine an intersectoral (two
sectors) model of the labour market where workers and vacant jobs meet each other
according to a constant returns to scale matching function. One of the sectors is
characterized as the underground sector in the sense that in this sector filled jobs
evade taxes (profit and firing taxes). A rather striking result of our analysis is that
under certain conditions, the welfare of a subgroup of the total population of
individuals increases as profit tax rises.

In the standard Pissarides model of the labour market with stochastic job matchings,
an increase in profit taxation (all firms are taxed with the same tax rate) will result in a
decrease in the welfare of individuals. However, the existence of the untaxed sector in
our model will initiate certain effects which will lead to a welfare improvement of
some individuals. More specifically, when profit and severance tax increase, the
following effects occur:

(1) The mix of jobs changes in favour of the underground sector (i.e.,
underground sector becomes more attractive for firms). As a result of this
change, the probability that an unemployed worker will meet a vacancy in
the underground sector is greater than the probability that he will meet a
vacancy in the taxed sector.

! The framework of the model resembles that of Roy (1951), where individuals are assigned a random

vector the elements of which indicate their productivities in each sector.

? Firing taxes (severance payments) are the payments — benefits received by an employee when he is laid
off (e.g,. layoff compensation).
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(ii) The flow of firms out of the taxed sector is not equal to the flow of firms
into the tax evading sector and therefore the total number and the arrival
rate of vacant jobs decrease. In a Nash bargaining process the former
effect increases the outside option (threatening point) of individuals who
search only for jobs in the underground sector whereas the latter effect
decreases it. If the impact of (i) is greater than that of (ii) on the outside
option of those individuals then their welfare unambiguously increases.

Apart from welfare effects, we investigate the impact of an increase of profit and
firing taxes on total unemployment and relative sectoral employment (thus measuring
the size of the underground sector). We also examine how profit and severance taxes
influence the occupational choice of individuals and the mix of vacancies. We find
that payroll taxation in Albrecht et al (2006) work has the same impact on the above
economic variables with the corporate and the firing tax in our analysis. However, our
assumption about the endogeneity of the arrival rate of informal sector jobs is the
driving force behind the result, that less people accept only informal sector jobs as
corporate income tax or severance tax increase, when the parameter which captures
the “technological” advances in the matching process is high enough. This result is the
opposite from that of the firing and payroll tax in Albrecht et al (2006). Such a result
cannot be obtained in the case of payroll taxation in the Albrecht et al paper, since the
arrival rate of informal sector jobs is exogenous. This result also leads us to important
policy implications. Active labour market policies favouring technological advances
in the matching process between employers and employees (technological advances in
the matching process include reforms such as the computerization of employment
offices, job advertising on the internet, job-search assistance policies, governmental
subsidies into policies helping the matching process etc.), will ‘moderate’ the
expansion of the underground sector caused by an increase in profit/firing taxes.
Moreover, the adoption of such policies, will limit the reduction of wages induced by
higher taxes (corporate/firing).

The model which is closest to ours is that of Albrecht, Navarro and Vroman (2006). In
their paper, they extended the standard Mortensen and Pissarides (1994) model of the
endogenous job destruction by adding an informal sector and allowing for worker
heterogeneity. More specifically, they assumed that the arrival’ and the destruction
rate of informal sector jobs are exogenous whereas formal sector jobs are
characterized by endogenous (arrival and destruction) rates. The assumption of the
exogenous arrival rate of informal sector jobs ignores the inter-relationship between
the two sectors (formal-informal). More specifically, the number of vacancies
(vacancy creation-job destruction) and the total level of unemployment in the formal
sector will have an impact on the arrival rate of jobs in the informal sector and vice
versa. The failure of their model to incorporate the aforementioned interaction will
‘eliminate’ the efficiency of active labour market policies in ‘smoothing’ the impact of
taxation on the size of the underground economy. Moreover, Albrecht et al assumed
that all individuals who are employed in the informal sector earn the same income
(homogeneous productive abilities) while the workers in the formal sector have
different productivities and hence they are paid different wages. This homogeneity
assumption may have a drawback, since if the income received is too small —close to

3 The assumption of the exogenous arrival rate implies that the average unemployment rate among those
who accept only informal sector jobs remains the same as payroll tax increases.
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zero— then nobody will work for the informal sector. Moreover, it can be considered
as a bit unrealistic. The homogeneity assumption regarding the earnings in the
informal sector again limits the effectiveness of active labour market policies in the
reduction of the distortionary effects of taxation on wages. In our analysis, individuals
are heterogeneous regarding their productive abilities in both sectors.®. Furthermore,
we assume that there are no productivity shocks (i.e., jobs in both sectors are
characterized by the same exogenous destruction rate) and that all jobs arrive at the
same endogenous rate.

The paper is organized as follows. In the next section, the basic model is presented.
Section 3 examines the nature of equilibrium. Section 4 presents the comparative
statics analysis and simulates the model. Section 5 concludes.

2. THE MODEL

2.1 ENVIRONMENT

We consider a continuous-time model with risk neutral and infinitely lived agents. A
continuum of workers, normalized to unity, participate in the market. There are two
sectors: 1 and 2. Before entering into the labour market, each individual is endowed

with a two-dimensional skill vector a =(qa,,a,), where a, and a, are independent

random variables and uniformly distributed over the interval [0,1]. Denote the density
function f(a,,a,) = 1.’ Each element of this vector indicates the productive capability

that an individual has in the corresponding sector. Hence, the output produced by an
individual with skill vectoraisa,, if he is employed in sector 1, and a,, if he is

employed in sector 2.

Workers are either employed or unemployed, and jobs are either filled or vacant. Each
job can employ only one worker and vice versa (i.e., workers can be employed either
in sector 1 or in sector 2 but not in both sectors). Filled jobs ‘die” at an exogenous rate
d. Assume free entry for vacancies, i.e., vacancies are created whenever it is
profitable to do so (the long-run nature of the model allows the assumption of the free
entry). Firms and workers discount the future at the same rate » . The cost of holding a
vacancy is constant and equal to ¢ . The value of the unemployment insurance benefit
is equal to b. For simplicity, we will assume that b is equal to zero. Firms in sector 1
pay a profit tax at rate 7 (where 0 <7 <1) in each period. Sector 2 is assumed to be
the underground sector of the economy and therefore no tax is paid by sector 2 firms.
However, profit tax evasion has an explicit cost. We will assume that the probability
of being caught evading taxes is w, while the penalty rate is proportional to the level
of the evaded tax and equal to pz, where p is constant and greater than one and the
product of  times p is less than one.

According to our assumptions, unemployed individuals cannot work in the shadow
economy and employed individuals cannot be employed in both sectors (formal—

* The wage differentials in the informal sector may capture the income uncertainty in this sector.
3 Since a, anda, are indepedently distributed, their joint density will be the product of their marginal

densities.
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informal). It is obvious that there are situations in real life, where these assumptions
are not true. However, such assumptions cannot be incorporated into the limited
artificial environment of our model. The policy implications we obtain are logical and
well-defined even without these assumptions. Nevertheless, the above cases can be
considered as a topic for future research.

Workers and vacancies meet each other randomly according to a Pissarides-type
matching function, m(u,v), where u is the unemployment rate (since the population

of workers is normalized to one) and v is the measure of vacancies. Moreover, we
assume that the matching function exhibits constant returns to scale.® Hence the arrival
rate for workers ism(8) where & = v/u is the measure of labour market tightness.

The usual properties hold form(6), i.e., m () >0 and Liné[m(ﬁ)] =0. The arrival

rate for jobs is m(#)/6 with [m(8)/0] <0 and llgirrg[m(ﬁ)/&] =o. Let ¢ denote the

fraction of sector 1 vacancies. Hence, unemployed individuals meet sector 1 vacancies
at rate m(6)¢ whereas the contact rate for sector 2 vacancies is m(8)(1— ).

2.2 DECISION MAKING

For a worker with ability vector a, let U(a) be the value of unemployment, W, (a)
be the value of employment in a job of sector i, i=1,2, J,(a) be the value to the
employer of filling a job in sector i, z;(a) be the probability that a match occurs
when a worker with ability vector @ meets a vacancy in sector i, p;(a) be the
probability that the worker is willing to get employed by a sector i job and finally V;
be the value of a vacancy of sector i .

Workers

a) Unemployed

The Bellman equation for an unemployed worker is

rU(a) = m(0)gz, (a)ymaxiW, (a) —U(a),0} + m(O)(1 - @)z, (a)max{W,(a) - U(a),0} O]
According to the above equation, the flow value of unemployment for a worker
endowed with ability vectora , is equal to the arrival rate of sector 1 vacancies willing
to employ him times the maximum between the capital gain from being employed on
sector 1 job and zero, plus the arrival rate of sector 2 vacancies willing to employ this
individual times the maximum between the capital gain from working in sector 2 and
Zero.

b) Employed

The flow value of employment for a worker with ability a on a job of sector 7 is

® Most empirical studies, such as Anderson and Burgess (2000), Coles and Smith (1996) and Burda
(1993) find that a matching function with constant returns to scale fits the data quite well.
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F7,(a) = w,(@)+ U@ - W,(@)] =12 )

where w;(a) is the wage received by a worker with skill vector a, employed to

sector i. Equation (2), determines the flow value of employment as the sum of the
flow return to employment (the wage) plus the instantaneous capital loss.

Firms
a) Vacant

The Bellman equation for vacancies is

17, ==+ P E, [ (@) maxts (@) - V,0) 3)

Equation (3) incorporates the assumption that a is unknown to vacancies before they
contact workers and it is only realized when the meeting is taking place. However,
firms know the distribution of as’. Thus they form expectations about their capital
gain from becoming filled.

b) Filled
The flow value to a firm in sector i filled by a worker of type a is

rJi(a) =[a; —w;(@)(1-w;p;7) + 5V, = J;(a)] “
where w,p, =1 and w,p, =ap.

Wage Formation and Reservation Ability

Define Wi(a,w) as the value of employment in sector i on wagew. If there is
positive surplus, then

A

PV, = wt SlU (@)~ ) = W, = XU

r+o

A
Define J,(a,w) as the value of a filled vacancy in sector i on wage w. If there is
positive surplus, then

rJ, = (1= 0 pla, - w)+ o, - J )= J, = L= epole e o
v+

Symmetric Nash Bargaining
w=argmax[Wi(a,w)-U(a)][Ji(a,w) = V]

=

L Jiaw)—v1= 2227 1 4wy~ U(a)]
r+o r+é
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Then at the equilibrium wage w",J, = J, , W, = W, satisfing

Ji(a)=V,

Wi(@)-U(@) =50

)

The above condition implies that firms and workers have the same bargaining power.
Given the free entry assumption, V' =0, equation (5) becomes

(I-o,p )W (a)-U(a)] = J,(a) (6)

Equation (6) implies that workers and firms have the same decision rule, i.e., if a
worker is willing to get employed by a firm in sector i then z;(a)=1 otherwise

z;,(a) =0 (a match is formed when there is a positive surplus to the match). By using

equations (6), (2) and (4), we get that the wage earned by an individual of type «a
employed in sector i is

1
wi(a)=—[a,+rU(a)]

2 @)
By using equations (7) and (2) we obtain

W) = S 4 (22

2 r+6 r+o6

U (a)

A match between an individual with ability vector ¢ with a vacancy of sector i will
take place if and only if a; > rU(a) where i =1,2. We get this result by using (7), (2)
and the fact that a match will occur ifW,(a) > U(a). If a, 2(<) a, and the latter
condition holds for a, (a,) then it is implied that it will hold for a, (a,) too.

Lemma 1 Workers will always accept at least one type of job.

a;
+J
a positive matching surplus exists which contradicts the argument that a worker will
reject any type of job.’

Proof: If a worker never takes a job, U(a) =0. But W;(a) = %[ 1> 0 implies that
r

Lemma 2 Individuals accept only sector 1 jobs if and only if

_ mea,
a, <af(a =——" where 0<a, <1.
2 > (@) 20r+6) 1

"As it is easily noted, foray, a, =0 individuals are indifferent between accepting or rejecting

employment. In such a case, we will assume that individuals accept employment.
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Proof: Suppose that a, > a,.This implies that W, (a) > W,(a). It can be easily shown

that there is an @, = a5 , such that
W,(a,,ay)=U(a,,al) = rU(a,,ay) = a5
From equation (1) we get:
rU(ay, a;) = m(O)glW,(ay,ay ) = U(ay, a3)]

maeoa,

————  Hence if
2r+0)+me

By using equation (2) and (7), we can show that aJ (a,)=

a, >a, >af(a,), then W,(a)> U(a) and individuals accept jobs in both sectors.
However if a, <ay = a, <rU(a), there is no gain from trade with a sector 2 firm

and thus workers do not accept jobs in sector 2. Similarly, fora, <a,, we get the
following Lemma.

Lemma 3 Individuals accept only sector 2 jobs if and only if
m(l-g)a,
2(r+90)+m(1-¢)

a, <al(ay)= , where 0 < a, <1.

Proof: It is similar to that of Lemma 2.

The economic intuition behind Lemmas 2 and 3 is the following. When the arrival rate
of job offers is high, then individuals are less willing to accept jobs in which they are
less productive (the cost of remaining unemployed now by rejecting such job offers is
dominated by the benefit of getting employed in a well-paid job in the near future).
The same applies when the layoff rate of filled jobs and/or the rate of time preferences
(as expressed by the interest rate) are low.

Diagram 1 : Demography

A
Sector-2 only
Sector-1 and 2
a2
Sector-1 only
0 al 1
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Lemmas 1, 2 and 3 are illustrated in Diagram 1. The blue line is the 45° degree line.
On the horizontal axis is the productive capability (a,) of each individual in sector 1

and on the vertical axis is the corresponding capability (a,) in sector 2. The green
(red) line is the 'frontier' above (below) which individuals accept jobs only in sector 2

(1).

Following from Lemmas 1, 2 and 3 when the arrival rate of job offers increases and
the job’s destruction rate and/or the interest rate decreases, the red (green) line shifts
upwards (downwards). Moreover, when the arrival rate of sector 1 (2) employment
opportunities goes up, the red (green) line shifts upwards (downwards).

By using Lemmas 1, 2 and 3 and equations (1), (2) and (7) we get the following flow
values of unemployment:

_ m(.)9q, . R
rU(a) —2(r 1)1 mOb ifa, <a, ®)

U(a) = — "=, ifa, <a” )
2(r+06)+m()(1—-¢)

rU(a) = m()[9a, +(1-¢)a,]
2(r+908)+m(.)

otherwise (10)

The flow value of unemployment for workers with « ’s below the reservation values
depends only on their preferred a (a,ora,). On the other hand, a worker with ability

vector that enables him to accept any employment opportunity has his flow value
depending on his joint ability vector.

Using equations (4), (7), (8), (9) and (10), and the free entry condition V; =0, we can

1

easily derive the following values for filled jobs:

a(l-7)

Ji(@)= 20 +8) + m()g

ifa, < af (11)

- a (1 — pr) : R 12
L S T =gy T = (12)

2 o 1- - I-7).
@) s g it 20 el &2 af (1)

[2(r + O)a, + mp(a, —a)](1-ap7)
2(r + O)[2(r + &) + m]

J,(a)= ifa, >a, >al &a, 2a,>a5 (14)

3. STEADY STATE
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Let 4,(a) and g,(a) denote the densities of unemployed and employed individuals
respectively with skill vector,a, at time ¢. The above densities are related by the
restriction that f(a)= A,(a)+g,(a) where f(a)=1 is the density of the total
population which does not depend on time. During any infinitely small interval of
time, dt , unemployed individuals with a, < a(a,) and 0<a, <1 become employed
at rate m(6)¢dt whereas a fraction odt of them lose their job. Hence, the evolution of
employed individuals with 0<a,<af(q)) and 0<a <1 will be equal
tom(6)pA, (a)dt — 5g,(a)dt . Similarly, we can define the evolution of employed
individuals with 0<a <qgf, 1>a,>0, and & <a <1, af <a,<1 and
a¥(a)<a, < a11r1 , 0<a, <a, (where al]r1 (@))=1 and allr1 is the inverse function

of a"). In steady-state the evolution of employed individuals is equal to zero (i.e., the

flow of workers out of unemployment should be equal to the flow of workers back to
unemployment). Hence, the steady-state distribution of employed individuals is given
by (where the use of f(a)= A,(a)+ g,(a) =1 has been made):

m(0)n(a)

S o)+ (4
where
@ for0<a, <aX,0<a; <1
n(a) =11 ford <a; <1,a¥ <a, <1&ad% <a, <a1R_1,0Sa1Sc71
1-¢ for0<a; <afl,1>ay >0

Following the same procedure, we get the steady-state distribution of unemployed
individuals which is equal to

A() =16 + n(aym(0)] (16)
By integrating A(.) and dividing by the steady-state unemployment u we get the

proportion of unemployed individuals in each of the above cases. For example the
proportion of unemployed individuals who accept any job offer is

1 1
(jol//(a1 — a¥)da, + Iol//(az — a®yda,)lu, wherey = 3(m + 5).

Among all individuals, those who accept employment only in one sector suffer more
unemployment. This is reasonable since such workers receive 'worthwhile' offers at a
slower rate. The steady state unemployment is given by
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u= J.:z :OLII :Oxi(a)daldaz

By doing the calculations we obtain

w09) = (1-9) " e -
RF+0)+m(1-p)[[m(1-p)+5] [2(r+0)+me](me+9J) (17)
(r+ St 4(r+06)+m }

2(r+0)+me][2(r+0)+m(1-¢)]
The steady-state employment can be defined as1—u

Definition 1 4 steady-state equilibrium is a five tuple ax, al, 0, u, ¢ that satisfy:
(i) 'Free'entry, i.e., V, =0, i=1,2, (ii) ‘Balanced flows, i.e., the flow of workers out

of unemployment equals to the flow of workers into unemployment (equation (17)) and
(iii) the reservation properties in Lemmas 2 and 3.

Let F(a,,a,) denote the cumulative distribution function (c.d.f.) describing the
distribution of a across unemployed workers. Then:

The free entry conditions can be written as:

:%‘9)] L J(a ) dazdal

2 "2 (12

=%€)J‘ L da da,

1"1

From equations (3), (11), (12), (13), (14), (16) and Lemmas 1, 2 and 3 the free entry
condition for each sector can be written as (where m = m(0) ):

- R &, )
_ m(l—71) ! almgoalf da1+.|.1 1“-1le (00 sy, +
Ou(0,p) O2(r+38)+mel (mp+95) 0 JaR.p
1 1
Lf(l)Lf(a,(p) pdasday} (13)
where u = [2(1" + 5)611 + m(l - (P)(al - az)]‘/’ and alR(l) _ m(l — (ﬂ) '
2(r+0)[2(r +0)+m] 2(r +8)+m(1- )
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m(l—ap7) ! a,[m(1-@)a, 16

B 2 a, +
u(0,0) [2(r+6) +m(1- )P [m(1- )+ 5]
R R
) (1) ay (0,0) 1 1
.L J‘alR(H,w) gda,da; + .[a§(1)jaf(9,¢) cdaydas} 19)
where ;= [2(r + &)a, + mp(a, —a)ly and S ()= _ mp
2(r+90)[2(r+0)+m] 2(r+0)+mo

Equations (18) and (19) equate the cost of holding a vacancy with the expected
revenue from filling it (where the expected revenue is equal to the sum of products of
the arrival rate of unemployed with the conditional expectation of a job's net worth).
The equilibrium values of @ and ¢ are given by the solution of the system of (18) and

(19) (for the proof of the existence of the equilibrium see the Appendix).
4. COMPARATIVE STATICS

This section analyzes the impact of an increase in profit taxes in sector 1 on the
steady-state equilibrium. More specifically, it analyzes the comparative static effects
of profit tax on reservation values, unemployment, welfare of individuals and the size
of the underground economy. Let Z be the right-hand side of equation (18) and I" be

the right-hand side of equation (19). In order to find the comparative static effects,
totally differentiate equations (18) and (19):

O=a—Zd6’+a—Zd(p+a—Zdr
00 0 or

4

O=a—rdﬁ+a—rd¢)+a—rd1
00 Op or

By rearranging, and dividing by dz we get

00 dr op drt or

arde ordp__or on
00 dr O¢dr ot

It can be easily shown that 0I'/0r <0 and 0Z/0r <0. The sign of the partial
derivatives of Z (I'") with respect to the fraction of sector 1 vacancies (¢) and with

respect to the measure of labour tightness () cannot be determined without giving
certain values to the parameters of the model. If we evaluate them at ¢ =0.5 (0.5 is

the steady-state value of ¢, when 7 =0 and the model is symmetric — for 7 = 0,
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equations (18), (19) are equal if @ = 0.5)°%, and if we assume that the elasticity of m(.)
with respect to 6 is less than or equal to 0.5 (in the case of a Cobb—Douglas
matching function characterized by constant returns to scale, m(6) = A0” where y is
the elasticity of m(@) with respect to € and A is a parameter that captures the
matching efficiency) then 0Z/00 (0I'/08) is negative (negative) and 0Z/0¢p (I'/0¢)
is negative (positive) for any value of the parameters (see the Appendix).

According to the preceding analysis, equations (20) and (21) can be written as

oz, oz,
20 9=0.5 op »=0.5 ﬁ| - or 9=0.5
=) ) dr ¢=0.5 (+)
or, or o o (22)
A5 lp=0.5 S 1p=0.5 — |p= ——— |p=
20 '? 00 ? i lp=0.5 P lp=0.5
S + i |
where the brackets below the partial derivatives indicate their sign. By solving (22),
we get that 49 | (/,:05,? ly~0s<0(For ¢ = 0.5, it can be easily derived that
T T
% lp=0s Z—i lp=05 —g—i =05 % lp~05>0). These total derivatives imply that if we start

from the symmetric case where 7 =0 and increasez, then the new steady-state
equilibrium will be characterized by lower € and ¢.

As 7 increases, the right hand side of equations (18) and (19) decreases while the left
hand side (cost of holding a vacancy) remains unchanged. However, the right-hand
side of equation (18) decreases at a faster rate. As a result of this change, sector 1 and
2 will reduce their vacancy supply until the zero profit condition (equations (18), (19))
is restored. This reaction will have two effects: (i) the reduction of the vacancy-
unemployment ratio (8 = v/u ) since the total number of vacancies decreases and (ii)
the change of the mix of vacancies in favour of the underground sector (decrease of
@). This result is driven by the fact that equation (18) decreases at a faster rate.

As was previously shown, the reduction of ¢ has a positive impact on the right hand

side of equation (18)’. The positive effect from the decrease of the fraction of sector 1
vacancies will mitigate the negative one from the increase of profit taxation, and
therefore will confine the reduction of sector 1 vacancies and consequently of the
measure of labour market tightness. However, the negative effect will prevail and the
vacancy-unemployment ratio will be reduced. The reaction of sector 1 in profit
taxation will have an immediate impact on the underground sector. The decrease of &

¥ By evaluating the partial derivative of z (T) w.r.t. @ at¢=05, we get a good approximation for the
change that occurs on z (T)as ¢ deviates from 0.5.
® As ¢ decreases the number of unemployed searching only for sector 1 jobs increases (since

3/(3 + m(0)p) decreases) and their reservation ability and consequently their threat point in the

bargaining process decreases. These two effects lead to the increase of the expected revenue of sector 1
firms.
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as a result of the lower vacancy supply in sector 1 will give an incentive in sector 2 to
increase its vacancy creation. However, this effect will be completely offset by the
negative effect caused by the change in the mix of vacancies in favour of the shadow
sector'® and the increase in tax rates. At the end the steady-state measure of labour
market tightness and the fraction of sector 1 vacancies will diminish. A number of
individuals previously searching only for sector 1 jobs will now accept offers in both

sectors as aX unambiguously decreases.'' The impact that the taxation of profits has
on aIR is ambiguous. The reason for that is the existence of two opposing effects; the
'tightness' effect (reduction of @) which decreases a and the 'composition' effect

(reduction of @) which increases alR. More people will accept jobs only in the
underground sector if and only if

do
gc 7 m@) 20

e, m@2) xO
dT 9=0.5

(23)

where x(6) is the elasticity of m(8) with respect to 6.

If inequality (23) holds, then the percentage of individuals working in the underground
sector will be greater after the increase in the profit tax. Moreover, if (23) holds then
the arrival rate of sector 2 (m(8)(1—¢)) jobs increases as we raise the profit tax

( dim(©)(1-¢)] _
dr
function characterized by constant returns to scale and simulating the model, we can
show that (23) does not hold if the parameter which captures the matching technology
(constant of matching) is quite high (the constant of matching can be increased
through active labour market policies). This occurs since the higher the value of the
parameter which captures the ‘technological’ advances in the matching process, the
lower is the positive effect caused by the increase of ¢ -the high value of the constant

m’(ﬁ)go? - m(H)j—(/)). By assuming a Cobb—Douglas matching
T T

of matching, will mitigate the negative impact of taxation on the fraction of sector 1
vacancies (for high values of this parameter, the positive effect from ¢ is dominated

by the negative effect from @). However, even if (23) does not hold, then if we start
from the symmetric case (¢ =0.5, 7=0) and raise the tax the percentage of

individuals working in the underground sector will again be greater. This occurs due
to the fact that the decrease of as is greater than the decrease of a® and because an

individual who accepts jobs in both sectors, is more likely to be offered a sector 2 job
(as a result of the decrease in ¢). Table 1, presents the results of a simulation of the

model described above when (23) holds. In Table 1, the baseline values of the

19 By bringing the cost of holding a vacancy, ¢ on the right-hand side of equation (18) and total

differentiating, we get that ‘;—g\ 9=0.5 de:—%ld:\ h=0.549% > where the partial derivatives are evaluated in the case

where the profit tax is equal to zero (symmetric case).

R -
ay isincreasing in @ and 6.
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parameters are: A=0.5, ¢=03, 06=0.1, r=005, =03, p=15and
m(6)= AJo (where A4 is the parameter capturing the technological advances in the
matching process). Finally, Table 2 presents a case where (23) does not hold (4 =1.5,
c=03, §=0.1, r=0.05, =03, p=15 and m(@)=A460"). Our parameter

values where chosen so as to produce plausible results for our baseline case where
there are no taxes.

Table 1: Simulation of the model when (25) holds

T f el 1 fn'.i{ r.'.{f % 5.1 empl. % 5.2 empl.

0 1.115 0.5 0.213  0-0.4681  0-0.4681 0.5 (0.3935) 0.5 (0.3935)
0.05 1063 0487  0.217  0-0.4556  0-0.4685 0488 (0.382)  0.512 (0.401)
0.1 1012 0471 0.22 (-0.4412 (-0.47 0,473 (0.369)  0.527 (0.411)
0.15 0961  0.454  0.224  0-0.4259 0-0.4715 0.457 (0.355) (.543 (0.421)
0.2 0.91 0434 0.227  0-0.4083  0-0.4736  0.438 (0.339)  0.562 (0.434)

The last two columns of Tables 1 and 2 present the fraction of sector 1 and sector 2
employed (where inside the brackets is the absolute number of employed). The fourth
and the fifth column present the range of the reservation abilities.

Table 2: Simulation of the model when (253) does not hold

T fl i i ast ast % 8.1 empl. % 5.2 empl.
V] 1.718 0.5 0,082 0-0.7662  0-0.7662 0.5 (0.459) 0.5 (0.459)

.05 1.648 0495  0.083  0-0.761  0-0.7642 0.498 (0.457)  0.502 (0.46)
0.1 1.578 0489 0.085  0-0.754  0-0.7624  0.494 (0.452) 0.506 (0.463)
0.15 1508 0482 0087 0-0.747 00,761 0,491 (0.45)  0.500 (0.465)
.2 1437 0.475  0.088 0-0.74 0-0.759 0487 (0.44)  0.513 (0.468)

As we observe unemployment increases in 7 . The main reason for that is the decrease
in@d. When labour market tightness decreases, unemployment increases due to the
decrease of the contact rate.

However, there is a positive effect stemming from the fact that individuals become
less picky. If

min[2a,00(r + 8) — aym*()p*2a,0(1- @)(r + 8) —aym*()(1-9)*1<0

(i.e., as frictions decline or as we approach the classical model) then the positive effect
is dominated by the negative effect and unemployment increases.

As was discussed above, when the constant of matching ( 4) and consequently the
contact rate among economic agents is high enough, then the reservation productivity
of those accepting only informal sector jobs decreases. This result is the opposite with
the case of firing and payroll tax in Albrecht et al (2006). This result occurs since in
our formulation the arrival rate of informal sector jobs is endogenous. Hence, our
analysis implies that a corporate income tax can lead to the opposite reservation
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results'? regarding informal sector as a firing or a payroll tax increases, as long as
matching technology is relatively high (high matching technology can be obtained
through active labour market policies). This effect will mitigate the expansion of the
underground sector. In other words, active labour market policies assisting the
matching process will limit the negative effects of taxation. Moreover, the average
wage decreases with corporate income tax regardless of inequality (23) but when (23)
does not hold —the constant of matching is high— then the decrease is smoother. This

result is illustrated in Diagrams 2 and 3.

Diagram 2

Distribution of Wages with Low Contact Rate
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80 //
//
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60 //
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// m Cumul. Distr. (A=0.5,
40

=0.2)

s

10 /

Diagram 3

Distribution of Wages with High Contact Rate
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12 The number of people searching only for informal sector jobs will decrease.
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Our welfare analysis will focus on the individuals who accept jobs only in the
underground sector. This is because under certain conditions their welfare increases
with profit tax. More specifically, according to our previous analysis, if (23) holds

then a and the arrival rate of sector 2 vacancies both increase with profit taxation.
An immediate result from the increase of a is the increase of the wage received by
the individuals who are employed in sector 2 and their a, <a (for those individuals

al represents their reservation wage). Moreover, an increase in the arrival rate of jobs
in the underground sector decreases the period of unemployment for those searching
for sector 2 jobs. Hence, the welfare of individuals with a, < a1 (accept jobs only in
sector 2) after the increase of profit tax unambiguously increases.

4.1 FIRING TAXES
Under a firing tax and without corporate taxes equation (4) becomes
J,(@) = [a; = wi(@)]+ 81V, ~ J,(a) ~ 5,] (4b)
where s, =aps, s, =s and s is the firing tax. Mathematical calculations yield

a, 5
20+ 0)+m()p r+o

Jl(a‘ a, <af)= (11b)

. 0 _ Saps 12b
J,(d a; <a') 2r+8)+m()1-¢) r+o -

Ji(a] ay>a,>af &a,2a,>a3)= [20r -;((j’)jlé:;[’;((:+ ?))(flm_] @)l rf& (13b)
_2r+d)a, + mp(a, —a,) Saps (14b)

J > &a, > R
2 a2 a>af a2 a,>a) 20+ 020 +0)+m]  r+0

The flow values of unemployment are the same with these in the analysis of corporate
taxation. Hence, under a firing tax the equilibrium values of § and ¢ are given from

the following equations:

Ry R
a a. 0.,9)
_ m {[J~1 almgoalzé' da, +J’ | (I)I; » yda,da, +
Ou(0,0) 0 [2(r + 8)+ me] (mep+0) 0 Jay(0.9)
1l
d
L{Q(I)Lf(o.qﬁ) ,Udaz al]} (18b)
a0 S af (1) paft "o
——da,d. ——da,d.
(r+5) IJ. me+0 400 I I R6.0) m+é' @

o
—da,d
Ll (1)-[12(0(») meo a1y
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_ Ry eak 0,
¢ = m {J“ a[m(1 (pzaz]f? da2+j‘2(])J']§ W);daldaﬁ
u(0,0) [2(r +06)+m(1— @) [m(1- @)+ 5] o R (0.9)
Owps R (0.9) aR (1) pa (ﬁ(p) (19b)
Lrly, ctada = 2P [ 27 duan [} daday
Fadaf0.0) (r+0) m(l—¢7)+6 0.0) m+§
)
———da,d
Lzmj Rop) meo @l

The existence of equilibrium can be easily proven (see the Appendix). Following the
e,
ds

Appendix). Hence, an increase in firing tax (when corporate tax is zero) has the same

effects as the increase in corporate taxation. In the case of severance taxes, equation
(23) becomes

. . deo
same procedure with the above subsection, we get A lp=0.5> p-05<0 (see the
A

do

E |¢:o.5 - m(6) _ 26 (23b)

e, m@2 ~O
dS 9=0.5

In Albrecht et al (2006) an increase in firing tax will reduce the level of the
unemployment rate. In our model the exact opposite result occurs (i.e. unemployment
increases in firing tax). This result occurs, because in our analysis the reduction in the
job arrival rate is not outweighed by the increasing job duration since it is assumed
that there is no endogenous job destruction.

Table 3 presents the results of a simulation of the model described above when (23b)
holds. In Table 3, the baseline values of the parameters are 4=0.5, ¢=0.3,

0=0.1, r=0.05, =03, p=15and m(0)=A\/5. Table 4 presents the case
where (23b) does not hold (4=1.5, ¢=03, 6=0.1, r=0.05, =03, p=1.5

and m(8) = 46°°).

Table 3: Simulation of the model when (25b) holds

5 t © i r.'ff rff % 8.1 empl. % 8.2 empl.
0 1.115 0.5 0.213  (-0.4681  0-0.4681 0.5 {0.3935) 0.5 {0.3935)

0.01 1107 0498  0.214  0-0.4662 0204682 0,498 (0.3914)  0.502 (0.3946)
0.03 1092 0494 0215 0-0.4625 0204684 0,494 (0.38T8) (L5605 (0.3964)
0.08 1085 0485 0217 0-0.454 0204685 0.486 (0.3805)  0.514 (0.4025)
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Table 4: Simulation of the model when (23b) does not hold

5 f @ i a alt % 8.1 empl. Y% 5.2 empl.

1] 1.718 0.5 0.082  D-0.THE2  0-0.7662 1.5 (0.459) 0.5 (0.459)
0.01 1.698 0499 0082 0-0.7648  0-0.7655  0.4995 (0.4585)  0.5005 {0.4594)
0.03  1.658 0495 0083  0-0.7612 0-0.7648 0.4975 (0.4562)  0.5025 {0.4608)
0.08  1.562 0488 0085  0-0.753  0-0.7619 0.494 (0.452) 0.506 (0.463)

The last two columns of Tables 3 and 4 present the fraction of sector 1 and sector 2
employed (where inside the brackets is the absolute number of employed). The fourth
and the fifth column present the range of the reservation abilities.

5. CONCLUSION

In this paper, we examined how profit and firing taxation influence the size of the
underground economy. We conclude that the impact of wage and payroll taxation on
the size of the underground sector (a subject which is widely examined by the
literature) is the same with that of profit and firing taxation. More specifically as profit
tax or severance tax increases, the size of the underground sector increases too.
Moreover, we showed that the adoption of active labour market policies which assist
unemployed individuals to find more easily the ‘whereabouts’ of vacant jobs, will
‘mitigate’ the expansion of underground sector and the reduction of wages caused by
taxation. Finally, active labour market policies can increase the welfare of a subgroup
of individuals as taxation (corporate or firing) increases.
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Given that for 7 =0 the model becomes symmetric and ¢ = 0.5, the solution is given
by

a,

m {J'l a,[m0.5a,10
u(0,0.5) 0 [2(r + &) +m0.5][m0.5+ 5]

aF 1)k (003 oo o o
+ a,da +I J. a,da
Jo LlR gdayda, a®(1)JdaR (0,05 sdaydas § 24)

(0,0.5)
26[28(r + &)+ m(r + 8) + m0.5(m + 5)]
(m+8)(m+28)[m0.5+2(r+06)]

where u(6,0.5)
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A 050, lim( 2200 +8) +mr+8)+mOSm+8)]
050" (m+8)(m+28)[m0.5+2(r +38)]

i 2(r + &)a, +m0.5(a, —a)ly _  a,

050 2(r+[2(r + ) +m] 2(r+6)’

lim az[mO.Sa22 1o _

0->0[2(r + &) +m0.5]°[m0.5 + 5]

. R _
‘lglz)réaZ (1) 0’

b

. R _
Ll_l’)l’é a; (05 §0) 0 s
. R _
Lliréaz (0,0.5)=0,
}oirré af(6,0.5)=0 (since the reservation values are equal to zero as @ — 0, the first
—>
two double integrals of the above equation are equal to zero). From our assumptions

Lin%% =o0. Hence as & — 0 the r.h.s of (24) approaches infinity.
—

As 6 — oo, the reservation productivities are equal to the 45° line. Hence the last two

integrals of (24) are equal to Zero. We get that
1

lim m J~ az[mO.Sa22 10

00 Gu(0,0.5) 90 [2(r + &) + m0.5]°[m0.5 + 5]

a,

li m li 2[m0.5] (m + 5) by applying del Hospitalruleo
1m — 11m =
6—o @ 6-2 3[2(r + ) + m0.5] 2[26(r + &) + m(r + &) + m0.5(m + 5)]

Hence as 8 — o the r.h.s. of (24) approaches zero. Moreover as we have shown the
r.h.s. of (24) decreases in 6. The above analysis implies that a unique equilibrium

exists for 7 = 0. The same result is derived in the case of severance tax since 1)
r+

does not depend on &.

Equation (18) describes a downward sloping curve in 8, ¢ locus (Z—g lp~05<0 and

Z—Z |05 <0 (for the proof see below). On the other hand (19) describes an upward
®

sloping curve in 6, ¢ locus (%|¢:O.5<0 and 2—F|¢:O'5>0 (the proof is given
4
below).

By substituting @ = 0 into (18) we obtain
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S(1=7){6(r +8)[m+2(r+38)]+m*}y m
12[m+2(r+ 8P (r+8)m+35)  6u(6,0)
5(1-7) m_, 5(1-1)m* m_
2(m+)[m+2(r + )] Ou(0,0)  12[m +2(r + 8> (r + 8)(m + 5) 6u(6,0)

A(O)

By substituting ¢ = 0 into (19) we get:

c= o(l-ap7) m_ _ Q(0)
2(m+9)[m+2(r+0)] 6u(6,0)

The above equations have a solution in &, since they are decreasing in € and
Liné A(6),Q(0) = o and éim A(0),Q(60)=0.

Let 6, be the solution of ¢ =€(F) and 8, be the solution of ¢ = A(f). In order to
prove that the curve described by (18) is above that described by (19) for =070
(i.e. 8, > 6,), we have to show that:

A(6) > Q(6)
By solving with respect to 7 , we get:

mz(gl)
m*(6,) + 6(r + 3)[m(6,) + 2(r + 51 — wp7)

<

The r.h.s. of the above inequality is positive and less than one. Hence, there will be
values of 7, such that &, > 6, for ¢ = 0. By substituting ¢ =1 into (18) we get:

o= o(1-17) m
2(m+ O)[m+2(r + 0)] Gu(6,1)

By substituting @ =1 into (19) we get:

o= 6(1-ap7) m_ S(1—apr)m? m
2(m+ ) [m+2(r+08)] Qu(0,1)  12[m+2(r +6)]* (r +6)(m+ 5) 6u(6,1)

By following the same analysis, it can be easily shown that the value of & which

satisfies c = ot-7) ~ , is less than that satisfying
2(m+0)[m+2(r +0)] Qu(6,1)
_ _ 2
o(l—apr) m_ o(1-awpt)m m Hence,

c= .
2(m+ ) [m+2(r+38)] Qu(0,1)  12[m+2(r + )] (r + 5)(m + &) Ou(6,1)
the existence of solution for 7 # 0 is proved.
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Starting from 7=0, ¢ =0.5 an increase in 7 corresponds to a shift of the curve

described by (19) downwards. Hence, if we start from the symmetric case where
=0 and @=0.5, and increase 7, there will exist an equilibrium characterized by

lower ¢ and 6. The same analysis is applied in the case of firing taxes.

A) Proof that 0Z/00 <0 (0I'/00 <0 ) when the derivative is calculated for ¢ = 0.5
and the elasticity of m(60) w.r.t. 8 is less or equal to 0.5.

Z consists of two parts: the arrival rate of workers (m(6)/6) divided by the measure

of steady-state unemployment and the term inside the braces. The term inside the
braces can be alternatively written with the following way:

1 a§ a15 1 a
(LﬁHLL p0+5hmwmm¢+5fMMm+LL§MMﬁq+

R(1y pa} 1 1 25)
gl IR
I M pda,da, + Ifu).[;l pda,da, }

0 a

where
_[2(r+8)a, + m(1-@)(a, —a,)ly
2(r + 0)[2(r + 0) + m]

v =d[m+3]

m(l-g)a,
2(r+0)+m(l—g)

alR (ay) =

R _ meoa,
) S e mp

m = m(0)

-1

and alR is the inverse function of alR. In equation (25), the sum of the last two
-1

double integrals describe the area between the 45° line and the @ (look at Diagram

1). Since the value of a filled job (J,(.)) is always decreasing in @ and a® (al]r1 ) is
increasing (decreasing) in @ , the derivative of the sum of the last two double integrals
with respect to @ will be always negative. By mathematical manipulations, we can
show that the sum of the first two double integrals is equal to

oo g [ _edad g,
0[2(r+0)+me] [0+ mg] 0[2(r+0)+me] [0 +m]

r (r+08)ais
0[2(r+0)+me][d +m][2(r + O) +m]

(26)

a
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In the above equation, the derivative of the third integral with respect to € is always
negative, whereas the derivative of the sum of the first two integrals with respect to
labour market tightness is equal to

om {¢[2(r+5)5 mod —2m*p*] _om(r+9) @2(r+9) 2(r+5) ) 27)
3[2(r +S) + mo]’ [6+me] [8+m] [6+m] [6+
But for ¢ =0.5, J[5 +me]* is less than 1/(m + &) . Hence, the derivative of the term

inside the braces in equation (18) w.r.t. @ is always negative if it is evaluated at
=05,

The steady-state unemployment is equal to

u(p,0) J.IZ(r+§)+m<ﬂ o 5da yda, + I‘[ o %dazdal-i-

me +

2(r+0)+me
m(1- (”)”2
M 5 a 4
J.J.Z(rm)ﬂn(l 9)———  da,da, + IJ. 2m(1 o, —=dayda,
m(l—@)+0 0 "0 w4+

2(r+0)+m(1-p)

After simplifying the above expression and by multiplying with @m , we can show that
u(p,0)dm is equal to

gy,

J‘l My 4 J‘ "ot . .[ J' 2r+yem(i-p) 90 da,da, +

0 (m+S)m 0 (m+S)m [m(1- @)+ 6](m +5)

[ szw 00 44, da, (28)
(m(p + é')(m +0)

By differentiating equation (28) w.r.t. 8, we get that o(u@'m)/08 is equal to

5[5(m—9m’)+m(m—wn’)]+f { Oa’® .\
(m+38)*m? 0" [m(1— @)+ S5)(m+ )
af'[6° +5Q2—@)(m—6m)+(1—p)(m—26m)]

yda, +
[m(1—-g)+ 5T (m+5)’
jol(l_(p){ 6a;’ +a2[52+§(1+(p)(m Om’) + p(m — 26;71)]} .
[me+5](m+0) [me + 351> (m + )

If we assume that the elasticity of m(6d) w.rt. 6 is less or equal to 0.5 (ie.

m—26m >0), and given the fact that m—6@m >0 (from our initial assumption
regarding the properties of the matching function, we get that

o(m/0)/00 = (Om' —m)/0* <0), Ou@m)/o0>0. Hence, it is proved that
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02100 <0 \when the derivative is calculated for @ =0.5 and the elasticity of m(8)
w.r.t. 8 is less or equal to 0.5 (the proof for 6I'/06 is similar).

Since

1) does not depend on 4, ¢ the analysis and the results in the case of
r+

firing taxes is the same.

B) Proof'that 0Z/0¢p <0 (0I'/0@p > 0 ) when the derivative is calculated for ¢ = 0.5

Z is the product of the the arrival rate of workers (m(6)/6 ) divided by the measure of

steady-state unemployment times the term inside the braces. The derivative of the
steady-state unemployment w.r.t. ¢ is equal to

om —25(r+8)+m*(1-p)* . 25(r +8)—m’ep? .

2 20 +8)+m(1-)P[6+m(1-) [ +mel[2(r + )+ me]
—[4(r + &) + mIm*(1-2¢)

[2(r + &) + m(1— @) *[2(r + &) + m @]

(29)

(r+o)i

where w = d/(m+ ). It can be easily shown that the above equation is equal to zero
for ¢ =0.5.

In equation (25), the derivative of the sum of the last two double integrals with respect
to ¢ is equal to

om(r + o)
3[2(r + &) + m(1— @) P[2(r + ) + m](m + 5)

(30)

This equation is always positive.

By mathematical calculations, we can demonstrate that the sum of the first two double
integrals in equation (25) is equal to

2 2
J'l a; opm da + J‘l (r+9d)a; o 0+

0[2(r + &) + mp]* [ + me] 0[2(r + &) + m@)*[S + m]
r (r+0)aio Ja
0[2(r + O) + m@][0 + m][2(r + O) + m]

Differentiating the above expression w.r.t. ? and adding equation (30) yield

om [2(r+5)5—m(p5—2m2(p2]_2(r+5)}+
3[2(r + 8) + mo]’ [5+me] [S +m] 31
om(r+95) 1 1

3 +m)2(r +8)+m] [2(r +0) +m(1- @) [2(r + ) +me]’ ]
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But forp = 0.5, J[5 +m@]* is less than 1/(m + J) and the last term is equal to zero.
Hence, the derivative of the term inside the braces in equation (18) w.r.t. @, it is
always negative if it is evaluated at ¢ = 0.5 (the proof for oI /0¢ is similar).

Since does not depend on &, ¢ the analysis and the results in the case of

(r+o
firing taxes is the same.
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