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Abstract

This paper develops an equilibrium search and matching model with
informal sector employment opportunities and educational choice. We
show that informal sector job opportunities distort educational attain-
ment inducing a too low stock of educated workers. As informal job
opportunities to a larger extent face low skilled workers, combating the
informal sector improves welfare as it increases the incentives for edu-
cation. However, too aggressive combating of the informal sector is not
optimal as that induces inefficiently high unemployment rates.
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1 Introduction

The last decade has witnessed a surge of academic as well as journalistic writings
on tax evading activities.! One reason for this interest is that tax evasion oppor-
tunities may create various distortions in the behaviour of economic agents. For
example, too much work may be carried out in the informal sector if consumer
wages are relatively higher in this sector.?

In this paper we argue that the choice to acquire higher education may
also be distorted by tax evasion opportunities. If workers with a lower level of
education to a larger extent face job opportunities in an informal sector, there
are fewer incentives to acquire higher education. Policies combating the informal
sector could therefore be expected to increase the educational attainment in the
economy.

Empirical observations seem consistent with that workers with a lower level
of education face relatively more job opportunities in the informal sector. For
example, Boeri and Garibaldi (2002) show for Sicily, that mainly workers at the
lower end of the skill distribution engage in informal activities. Pedersen and
Smith (1998), using comprehensive survey data, show that almost half of the
informal sector activities in Denmark are carried out within the construction
sector. They also find that around 70 percent of the total hours performed
in the informal sector is carried out within the service sector or construction
sector. Furthermore, Pedersen (2003), using the same questionnaire design for
five countries, concludes that most informal activity in Great Britain, Den-
mark, Norway, and Sweden is carried out within the construction sector. In
Germany most informal activity takes place within a group of sectors denoted:
Fishing, Agriculture (including tree-felling and gardening) and Mining. Finally,
performing logistic regressions for the five countries, Pedersen (2003) confirms
that skilled blue colour workers carry out more black market activities than
others, and that the likelihood of black market activities falls with the length

of education.?

ISee Slemrod and Yitzhaki (2002) and Schneider and Eneste (2000) for two surveys of tax

avoidance and tax evasion.
2See Pedersen and Smith (1998) for evidence for Denmark. One can note that tax evasion

opportunities may, in fact, also reduce distortions. Tax evasion may, for example, reduce the

distortion caused by too high consumption of untaxed leisure.
3Note also that in the literature on crime, it is often stressed that workers with low market

wages have more incentives to commit crimes. Most empirical studies of criminal incomes



The aim of the paper is threefold. First, we want to examine how labour
market performance and incentives to acquire education is affected by informal
employment opportunities. Second, we want to study how tax and punishment
policies affect wage formation, unemployment, educational attainment, and the
size of the informal sector. Third, we want to characterize the optimal tax and
punishment system.

To that end, we develop a four-sector equilibrium model featuring matching
frictions and worker-firm wage bargains. Workers differ in ability and decide
whether or not to acquire higher education. Unemployed workers search for
jobs in both the formal and the informal sector by allocating their search effort
optimally between the sectors.

To keep the model simple, the differences between the formal and the infor-
mal sector, as well as the differences between those that acquire higher education
and those that do not, are kept at a minimum. The only difference between the
formal and the informal sector is that taxes are not paid in the latter. In case a
worker firm pair is detected evading taxes, a fine has to be paid and the worker
firm pair is dissolved. Highly educated workers differ from workers not acquir-
ing education (from now on referred to as manual workers) as they have higher
productivity and face longer expected employment spells. The OECD employ-
ment outlooks and other studies verifies that higher educational attainment is
associated with both higher productivity and shorter expected unemployment
spells.

We find that manual workers face relatively larger informal sector employ-
ment opportunities. This is because shorter expected employment spells in-
crease the relative payoff of opening informal sector vacancies. Consequently,

higher fines on tax evasion increase the incentives to acquire higher education

find that criminal activities offers low skill men higher hourly wages than legitimate activities.
See Freeman (1999) for a survey of the economics of crime. Also, the theoretical study by
Burdett, Lagos and Wright (2003) develops a model where workers are less likely to commit
crimes when their wages are higher. This has a parallel to informal sector work where high
skill workers may not to the same extent get full pay-off for their higher productivity, which

makes informal activities less attractive for highly educated workers.
4The fact that a higher level of initial educational attainment is associated with longer

tenure in the firm at all levels of labour market experiences was documented already in the
OECD employment outlook 1993 (chapter 4). The recent study by Gartell et al (2010) us-
ing linked employer employee data also shows that job destruction rates decrease with the

educational level. For more highly educated workers, fewer jobs are destroyed.



as the attractiveness of informal employment is reduced. Thus, a more severe
punishment of the informal sector increases the stock of educated workers.

More severe punishment will also, most likely, improve welfare. This follows
as both taxation and the fact that the informal sector is punished to a lesser
extent than the formal sector is taxed, implies that too few workers choose to
educate themselves. However, it also follows because the unemployment rate is
too high, and the number of vacancies in relation to the number of job searchers
is too low, from a welfare point of view, when the informal sector is punished
to a smaller extent than the formal sector is taxed. One can note that this is
the case even if the original Hosios condition is imposed. Considering optimal
tax and punishment policy, we find that it is optimal to choose the punishment
rates so to more than fully counteract the distortion created by the government’s
inability to tax the informal sector.

Early theoretical analyses of tax evasion are provided by Allingham and
Sandmo (1972) and Srinivasan (1973), where underreporting of income is mod-
eled as a decision made under uncertainty. Subsequent papers have enhanced
the basic model of individual behaviour by, for example, incorporating endoge-
nous labour supply decisions.” Also general equilibrium models with tax evasion
have been developed (for an example see Cremer and Gahvari (1993)). Several
theoretical papers have also recognized that the opportunities for tax evasion
differ across occupations. See for example Pestieau and Possen (1991). Oc-
cupational choice in this literature is usually thought of as a choice between
self-employment, where under-reporting is possible, and regular employment,
where under-reporting is not an option.

The principal contribution of the analyses in this paper is that we shed
light on how the presence of work opportunities in an informal sector can affect
the educational attainment in an economy, and thereby welfare. This has, to
our knowledge, not been explored in the previous literature. Moreover, we
consider tax evasion in a model featuring involuntary unemployment, which, in
contrast to most previous work on tax evasion, enables us to study the impact
of tax evasion on wage formation and unemployment. During the last decade
there has been focus on how tax and punishment policies affect involuntary

unemployment; see Kolm and Larsen (2001,2002), Cavalcanti (2002), Boeri and

5See for example Andersen (1977) and Sandmo (1981) for early contributions of endogenous

labour supply and underreporting of income.



Garibaldi (2002), and Fugazza and Jacques (2003). These papers however rely
on different mechanisms to generate coexistence of formal and informal jobs than
what is done in this paper.® There is also a recent paper by Albrecht et al (2009)
who considers the impact of payroll taxes and severance pay on unemployment
in the presence of an informal sector. Their informal sector is modelled from a
Latin American perspective where the informal sector is large and can be seen
as an unregulated sector which is not affected by these policies. As their focus
is not on the illegality of this sector, punishment policies of informality are not
modelled.

2 The model

The economy consists of a labour force which differs in ability to acquire edu-
cation. Abilities, e, are uniformly distributed between 0 and 1,e € [0,1], and
based on ability, workers decide whether or not to proceed to higher education.”
The cost of higher education, c(e) is decreasing in ability, ¢’(e) < 0.

Workers face job opportunities in both a formal and an informal sector.
The economy thus consists of four sectors; the formal and informal sector for
manual workers (denoted F,m and I, m), and the formal and informal sector for
highly educated workers (denoted F), h and I, h). Highly educated workers differ
from manual workers as they have higher productivity and face longer expected

employment spells.

2.1 Matching

Both manual and highly educated workers search for jobs in a formal and an
informal sector. For simplicity, we assume that only unemployed workers search
for jobs. This is a simplification, i.e. we do not acknowledge that the connection
to the labour market given by working in the formal sector may bring about

job opportunities not available while unemployed. Workers accept job offers

6This paper assumed directed search where unemployed workers are optimally allocating
search effort into both the formal and the informal sector. This particular modelling strategy
of search effort has a close resemblance to how search is modelled in van den Berg and van

der Klaauw (2006), where search for a job cen be conducted using different search channels.
It is assumed to be costless to become a manual worker, but that workers who get a higher

education find it costly to do so. This is a normalisation and has no consequences for the

results.



as long as the expected payoff exceeds their reservation wage. The matching

1 1
functions for the four categories of jobs are given by X lj = <vlj ) : <(c7j )ﬂ{ ul> ’ ,
where le is the sectorial matching rate, vlj , is the sectorial vacancy rate, and
uy, is the unemployment rate, j = F,I and | = m,h. The rates are defined
as the numbers relatively to the labour force of manual and highly educated
workers, respectively. The exponents in the matching function is set to be equal
to a half. This is done so to simplify the welfare analysis where we derive
the optimal tax and punishment system when we have imposed the traditional
Hosios condition. In that case we can disregard congestion externalities as the
elasticity of the expected duration of a vacancy is equal to the bargaining power
of workers in a symmetric Nash bargaining situation.

Workers allocate search effort optimally across the formal and the informal
sector. Each worker’s total search intensity is exogenously given and normalized
to unity, where af = 0y, denotes search effort directed towards the informal
sector, and of = 1 — 0;,1 = m, h, denotes search effort directed towards the
formal sector. The parameter v < 1 captures that the effectiveness of search
falls with search effort, i.e., the first unit of search in one sector is more effective
than the subsequent units of search. This could capture that different search
methods are used when searching for a job in a market. The more time that is
used in order to search in a market, the less efficient search methods have to be
used.

The transition rates into informal and formal sector employment for a partic-

1 1
, 3 3 1
ular worker i, are \}; = o7, (9{) and Al = (1 — 0y;)” <9lF> , where 0] = %

o'lul

F
and 9lF = m are labour market tightness, I = m, h, measured in effective
1

search units. The rates at which vacant jobs become filled are qu = (9{ ) E =
F.I,l=m,h.
2.2 Value functions

Let Uy, ElF , and ElI denote the expected present values of unemployment and

employment for manual and highly educated workers. The value functions for



worker 7 then reads:

rU;s = RANJ(EF —Uy) + MJ(E —Us) =T () ele)),l=m,h, (1)
rEfi = R+wj (1 —1t)+s(U—Eff)—1()c(e;),l =m,h, (2)
rEf; = R+wf(1—pd)+(si+p) (U — Ef) —1(1)cle;),l =m,h, (3)

where 7 is the exogenous discount rate and le is the sector wage. s; is the
exogenous separation rate, where highly educated workers to a smaller extent
are separated from their jobs and thus face longer expected employment spells,
ie., sp < Spm. R is a lump sum transfer that all individuals receive from the
government which reflects that the government has some positive revenue re-
quirements.® Highly educated workers pay the individual educational costs c(e;),
where e; is the worker’s ability, e; € [0,1], ¢/(e;) < 0 and ¢’ (e;) > 0. In order
to guarantee a non-trivial solution where some, but not all, individuals choose
to acquire education, the individual with highest ability face a very low costs of
education, more specifically ¢(1) = 0, and the individual with the lowest ability
face very high cost of education, i.e., lim,_, c¢(e) = oco. The indicator function
I(l),I = m,h takes the value zero for manual workers and the value one for
highly educated workers, hence I (m) = 0 and I (h) = 1.° The parameter ¢ is the
proportional income tax rate, p is the probability of being detected working in
the informal sector, and ¢ is the proportion of the evaded income the worker has
to pay as a punishment fee if detected. The match is dissolved when detected
which implies that the separation rate in the informal sector exceeds the formal
sector separation rate. For simplicity, we disregard unemployment benefits.
Let JlF and VlF represent the expected present values of an occupied job and
a vacant job in the formal sector, respectively. The arbitrage equations for the

formal sector of a job paying the wage wllf and a vacant job are then

TJI}'; = U 7wl€‘ (1+Z)+SZ(WF 7Jl}1?)7l :m7h7 (4)
i = g U=V —kl=mh, (5)

8 Everyone receives this transfer. The government cannot exclude the informal sector work-
ers as the government does not know who the informal sector workers are (if it did, it could

just punish all of them).
9We assume that the educational cost is a cost to acquire and maintain skill. This is a

simplifying assumption and is not important for the results. The assumption enables us to
use a model without having workers continuously being born and dying. Such a model would,

however, generate the same qualitative expressions.



where z is the payroll tax rate and y; is productivity, y, > ;. Vacancy costs

are denoted k. Analogous notation for the informal sector yields:

rdh =y —wh(L+pa)+ (s +p) (V= Jh),l=m,h, (6)
i = ¢ (J -V =k l=m,h, (7)

where « is the proportion of the evaded wage the firm has to pay as a punishment
fee if detected.

The unemployed worker i allocates search between the two sectors, oy;, in
order to maximize the value of unemployment, rU;;. A necessary condition for
an interior solution is that v < 1, which holds by assumption. The first order

condition can be written as:

(1—0)'" 0f \* Ef — U
~ W | L) 22— l=mh 8
(011)1_7 9{ Bf — Ui " ®

Workers allocate their search between sectors to equalize the marginal re-

turns to search effort across the two sectors.

2.3 Wage determination

When a worker and firm meet they bargain over the wage, wljz, taking economy
wide variables as given. The first order conditions from the Nash bargaining

solutions, with the worker’s bargaining power being equal to a half, can be

written as:
¢_1FJZF — EF —U,l=m,h 9)
%J{ — El —U,i=mh, (10)
where ¢F = % and (;SI = 113’)? are the tax and punishment wedges, and where

we have imposed symmetry and the free entry condition, Vlj =0,75=F1,
l=m,h.

We can now derive an equation determining how search is allocated between
the formal and the informal sectors in a symmetric equilibrium by substituting
(9) and (10) into (8) and using that Jf* = # and Jf = % from (5) and (7)
together with free entry. This yields:

(1—a)' ™ 0

P "



where

w7¢_171+pa/1+z
R e R

(12)

is the wedge between the informal sector and the formal sector. We can interpret
a 1 < 1 as if the informal sector is punished to a lesser extent than the formal
sector is taxed.!”

Equation (11) is a core equilibrium equation. Recall from (8) that workers
allocate their search between sectors so that the marginal returns to search
effort in the two sectors are equal. With wages being endogenously determined
in equilibrium, this implies to account for the wedge, 1, and for the formal
relative to the informal sectorial tightness, 67 /8], when deciding how to allocate
search. For example, if the informal sector is punished to a smaller extent than
the formal sector is taxed, ¢ < 1, unemployed workers tend to direct more
search into the informal sector. And the relatively tighter the formal sector is,
the larger formal sector search tends to be.

By use of equation (1)-(7) and (11) in equations (9) and (10), equilibrium

producer wages, wj, are given by:

1 0/
wl = wfl+2)=2 +h—t J=m,h, 13
l 1 ( ) 5 | ¥ (1_01)1_7 (13)
I I 1 0
wp = w(I+pa)=s|y+ks=|.l=mh (14)
2 o,

Wages increase with labour market tightness and decrease with search in-
tensity in each sector. This follows as a higher labour market tightness and a
lower search intensity improve the worker’s bargaining position. An increase
in tightness makes it easier for an unemployed worker to find a job, and at
the same time harder for a firm to fill a vacancy. This improves the worker’s
relative bargaining position, resulting in higher wage demands. An increase in
search, will instead reduce the worker’s bargaining position. This follows as the

effectiveness of search falls with more search.!?

10Tn contrast, if 1 = 1, the informal sector is punished equally hard as the formal sector is
taxed. With risk neutral individuals there is, in one sense, no substantial difference between
the tax system and the punishment system since the punishment system is a randomized tax

system.
11 An alternative way of describing the intuition for why increased sector search reduces



From (13), (14) together with (11) it follows that producer wages in the
formal sector exceed informal sector producer wages when ¢ < 1, and vice
versa when ¢ > 1. Moreover, rewriting (13) and (14) in terms of consumer
wages we have that consumer wages in the formal sector subseed informal sector
consumer wages when ¢ < 1, and vice versa when 1 > 1. More specifically we
have w! — w! = z(l—fg%(l—w) and wf (1 —t) —wi (1 —pd) = f{%(w—l).

2.4 Labour market tightness

Labour market tightness for the formal sector and the informal sector are de-
termined by equation (4),(5), (6) and (7) using the free entry condition and the
wage equations (13) and (14):

_Ul)

3 1 kot
k‘(TJrSler) (911)2 = §<yl : >7lm7h‘7 (16)

1—v
0y

nE o1 k0, B
k(r+5l)(9l) = 5(3/1—(1717 JL=m,h, (15)

When ¢ < 1, and thus the informal sector is punished to a smaller extent
than the formal sector is taxed, is the most realistic case. In this case, informal
producer wages are lower than formal producer wages and hence the expected
instantaneous profits in the informal sector exceed the instantaneous profits in
the formal sector. The impact from the wedge smaller than one therefore makes
it more attractive for firms to enter the informal sector which tends to make
informal tightness exceed formal tightness, that is tends to raise 911 relatively to
9lF . However, as the separation rate in the formal sector is lower, s; < s; + p,
the formal sector expected job duration is longer. This makes the formal sector
more attractive to enter, tending to raise 6 relatively to 6} .

As from real world observations we have that the formal sector is larger than
the informal sector, we here focus on the relevant case when ;" > 7. Thus, we
assume that the discouraging effect on firms entering the informal sector due

to that informal jobs are more insecure, dominates the positive effect on firms

wage demands is the following. When search time into one sector increases, the bargaining
position for firms in that sector improves. This follows as firms in that sector then will find it
easier to match with a new worker in case of no agreement. The improved bargaining position
for firms moderates wage pressure. Analogous reasoning holds in case search effort into a

sector falls.

10



entering the informal sector due to lower expected punishment in relation to

taxation.

2.5 Education

When workers decide whether to acquire higher education or remain as a manual
worker, they compare the value of unemployment as an educated worker to the
value of unemployment as a manual worker. Workers with low ability find it too
costly in terms of effort to acquire higher education, whereas high ability workers
find it more than worthwhile to do so since they face lower costs of education.
The marginal worker has an ability level, é, which makes him just indifferent
between acquiring higher education and remaining as a manual worker. We

write the condition determining the ability level of the marginal worker as:
rUp = rUn,. (17)

We can rewrite this expression in a number of ways using earlier equations.
For example, by using equations (1)-(3), it is clear that the value of unemploy-
ment for a worker is captured by rU; = R+ pf'wf (1 —1t) + pfw! (1 —pd) —
I(l)c(e),l =m,h. This expression reveals that it is the consumer wages in the
formal and informal sector, weighted by the employment opportunities in each
sector, as well as the cost of education, that is important for the educational
choice.!?

As wages are endogenous, we can use equations (1) and (17) together with
the first order conditions for wages, and equations (5), (7), (11), together with

the free entry condition which gives the following condition:

Nk 0 O
“0= o ((1 o) (1 0m)17> ' 1e)

Equation (18) gives é as a function of the endogenous variables 9lF and oy,

I = m, h. Workers with e < é, choose not to acquire education, whereas workers
with e > é acquire education. Hence, é and 1 — é constitute the manual and
educated labour forces, respectively.

If either the expected employment spells are larger for educated worker than

manual workers, s,, > sp, or highly educated workers are more productive than

12The weights, pf" = )\f/(r+sl+)\f+ﬁ—p)\l[) and pf = A{/(r+sl+p+)\l[+%§;—p}\f),
I

reduce down to ,uf =n; and ,ulI = nlI when the discount rate approaches zero.

11



manual workers, y, > y,, the expected income when becoming an educated
worker exceeds the expected income of remaining as a manual worker, i.e., the
right hand side in (18) is positive. This induces that at least some high ability
individuals will choose to educate themselves as ¢ (1) = 0. Moreover, as individ-
uals with very low ability face very high costs of education, i.e., lim,_,q c(e) = oo,
a non-trivial interior solution for é is guaranteed. See the appendix for the proof

of existence of é € (0,1).

2.6 Unemployment

The equations determining the employment rates in the formal sector and the
informal sector, nf",nf, and the unemployment rates, u;,[ = m,h, are given
by the flow equilibrium equations and the labour force identity.!> The official
unemployment rate u?, is given by uf = u; + nlI . Solving for the employment

and unemployment rates yield:

N Y
I _ si+p F _ St _
ny = A NP YNy = N \F JI=m,h, (19)
I+5s o I+t
AT
1 L+ 53
i+p
u = N )\lF,uf’: , /\lF,l:m,h. (20)
1+sl+p+s_l 1+sl+p+s_l

The actual and official total number of unemployed workers are given by

Uror = €um + (1 — é)up, Uop = éud, + (1 — é)up.

2.7 Manual versus highly educated workers

Comparing unemployment and the size of the informal sector in relation to the

formal sector, we can conclude the following.

Proposition 1 The relatively longer expected employment spells for highly ed-
ucated workers, i.e. Sy, > Sp, implies that manual workers face a higher unem-
ployment rate, i.e., U, > up, and a larger informal relative to formal sector,

‘ I/ F I/F
Q€. Moy [Ny > M3, /M0

13For highly educated workers )\{Luhé = (sp +p) n{Lé, )\fuhé = shnfé, and nf + n{L =
(

1 — uy, and for manual workers AL um (1 =€) = (sm+p)nl, (1 -8, Noun,(1—-8) =

spnk (1 —¢é), and nf +nl, =1 —um

12



Proof. See appendix. m

The expected job duration for manual workers being shorter than for highly
educated workers, tends to increase the unemployment rate facing manual work-
ers. However, the higher unemployment rate for manual workers is also due to
the fact that a higher separation rate facing those workers makes it less at-
tractive to open vacancies. Therefore labour market tightness facing manual
workers is relatively lower in both the formal and the informal sector.

The relative size of the informal sector is also affected by the separation
rate. A higher separation rate hits the relatively larger formal sector more
severely inducing formal sector tightness to fall by more than informal sector
tightness. Thus, as the expected job duration for manual workers are shorter
than for highly educated workers, manual workers will face relatively more job
opportunities in the informal sector. More job opportunities in the informal
sector for manual workers imply that they search for more jobs in the informal
sector in relation to the formal sector than highly educated workers do. As a
consequence, the relative size of the informal sector is larger for manual workers

than for highly educated workers.

3 Comparative statics

This section is concerned with the impact of the tax and punishment system on
labour market performance. Proofs of all Propositions follow from straightfor-
ward comparative statics and are available upon request.

We only consider fully financed changes in the punishment rates. Hence,
changes in the punishment rates, a or 9, are always followed by adjustments in
the tax rates, z or ¢, so as to balance the government budget restriction. The

government budget restriction is given by:
¢ Y (bt (1- ) ) ra-0 ¥ (v (1- ) )€ = R 21
j=F,I ¢’ Jj=FI ¢

where R is the exogenous revenue requirements and ¢ (p) is auditing costs.!?

14 From (21) it follows that any R can be attained by increasing " and ¢! simultaneously so
to keep v constant. Also, as only v affects the variables oy, Of, 0{, an, nlI, uy, uy, L =m,h,
the effects of fully finance reforms on these variables can be considered by only looking at

changes in 1. Thus the government budget restriction can be ignored in section 3.1 and 3.2.

13



3.1 Tightness and search

The effects on tightness and the allocation of search across the formal and the

informal sector are summarized in the following proposition.

Proposition 2 A fully financed increase in the punishment rate (6 or «) will
reallocate search intensity towards the formal sector (o) falls). Furthermore
it will increase tightness in the formal sector (0 ) and reduce tightness in the

informal sector (0} ).

When tax evasion is punished more severely, unemployed workers will find
it optimal to reallocate their search towards the formal sector. However, when
search effort is reallocated towards the formal sector, wage demands in the
formal sector fall whereas wage demands in the informal sector increase. This
follows as the effectiveness of search in the formal sector falls, which weakens
the workers’ bargaining position. In contrast, the reduced search in the informal
sector increases the effectiveness of informal sector search, which improves the
bargaining position for workers in the informal sector. The relatively lower
producer wages in the formal sector induce firms to exit the informal sector
and enter the formal sector; formal sector tightness increases whereas informal

sector tightness falls.

3.2 Employment and unemployment rates

A fully financed increase in the punishment of the informal sector causes the
formal sector employment rate, (an ) to increase as more workers transit into
formal employment. This, in turn, is caused by the increase in formal sector
tightness and the reallocation of search effort towards the formal sector. In
contrast, as tightness and search effort in the informal sector fall, the transition
rate into informal employment, and consequently the sectorial employment rate,
(nf) falls.

The sectorial reallocation of employment affects the unemployment rate. We

have the following results:

Proposition 3 A fully financed increase in the punishment rate (6 or o) will
cause the official unemployment rate (uf) to fall unambiguously and the actual

unemployment rate (u;) to fall if v < 1,1 =m,h.

14



The unemployment rate falls as workers are reallocated towards the formal
sector where jobs last on average a longer time.'® In addition, the official un-
employment rate falls both because the actual unemployment rate falls, and

because workers are reallocated towards the formal sector.

3.3 Education

A closer examination of (18) reveals that changes in the punishment rates,
¢I — 1+pa

, affects the share of educated workers, 1 —é, through 1 only, whereas

= 1+Z , have a direct effect on 1 — é in addition

Changes in the tax rates, ¢!
to the effects working through 1/1. Therefore, in order to consider the effects
of a fully financed change in the punishment rates on the number of educated
workers, we have to account for repercussions on 1 — é following adjustments in
the tax rates. However, let us first consider the impact on 1 — é of a change in

the tax and punishment rates separately:

o(1— k@ koY
( e)|¢F = —— (] , ’7) ynA — h 1,7B >0, (22)
99’ ¢" P (€) (1—on)

o(l—é o(1— c(eé

QW = — ( 7 )|¢F+ - E)F<0. (23)
o¢" ole) ()¢

Yo Y 2 —2 2
where 4 = U= 00’}‘ 7%m—(1_‘;2)7 “-and B = (1—‘7075)7 7y5m7(1—<;2)7 ST

D, = eFelyl(ll 071) - <yl *k(ng:l%.,l/J <1+al (% — 1))) <0and A > B as
Um < Yn and irrespective of the size of .

Equation (22) shows that the number of educated workers increases with
higher punishment rates for a given tax system. This summarizes the impact
through several channels. When manual workers face more informal vacan-
cies relative to formal vacancies than the highly educated workers do, i.e.,
0! /6% > 6] /6] manual workers will also to a relatively larger extent tran-
sit into informal sector jobs than highly educated workers. This follows both
because more informal vacancies are available relative to formal vacancies for

manual workers, but also because manual workers will search for jobs in the

151n case ¥ > 1, the number of vacancies relatively to unemployment is reduced which will
have a counteracting effect on unemployment. Consequently, the unemployment rate may
increase in this case. Recall that 1 < 1 corresponds to the empirically most plausible case
where producer wages in the formal sector exceed those in the informal sector, and where

consumer wages in the informal sector exceeds those in the formal sector.
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informal sector to a larger extent than highly educated workers, i.e., o,, > op,

when 6!

workers are hit more severely by the reduced attractiveness of the informal sec-

/6% > 0] /67 . Thus, when the punishment rate increases, manual

tor than highly educated worker.

Equation (23) gives the impact on the number of educated workers as the tax
rates increase, for a given punishment system. The first term captures the effect
on the educated labour force of an increase in the tax rates working through .
Increased taxation induces the opposite movements as was described in connec-
tion to equation (22) and analogous reasoning can be conducted. The second
term in (23) captures the impact of increased taxation for a given wedge, .
Increased taxation reduces the consumer wages for both educated and manual
workers, but it will not affect the costs of higher education. Consequently, as the
value of being an educated worker falls by relative more than the value of being
a manual worker, the number of educated workers falls. As the effects work in
the same direction, we can conclude that the number of educated workers in the
economy tends to decrease with increased taxation.

In order to consider fully financed increases in the punishment rates, we
need to consider the impact of the tax and punishment rates on the government
revenues. The tax and punishment rates affect the government revenues in a
number of ways (details are given in an appendix available upon request). How-
ever, assuming that we are located on the positively sloped side of the Laffer
curves, and hence dynamic adjustments in equilibrium wages, employment rates
and labour forces are not dominating the direct effects, the government revenue
increases with increased tax and punishment rates. An increase in the punish-
ment rate accordingly calls for reductions in the tax rates in order to maintain a
balanced budget. Considering that we are located on the positively sloped side

of the Laffer curve, we have the following result:

Proposition 4 A fully financed increase in the punishment rate (6 or o) will

increase the number of educated workers.

As manual workers to a larger extent face job opportunities in an informal
sector, there are less incentives to acquire higher education. However, when
the punishment of informal work increases, the attractiveness of remaining as
a manual worker with access to many informal work opportunities is reduced,

and consequently more workers will choose to proceed to higher education.
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3.4 Unemployment

This section is concerned with how the number of unemployed workers is affected
by changes in the tax and punishment systems. As is clear from section 2.6,
the total number of unemployed workers, as well as the number of officially
unemployed workers, depends on the division of labour across sectors. Since the
division of labour across sectors depends on the tax rates, (;SF , separate from the
wedge, 1, we have to account for the government budget restriction explicitly.
Again we assume that we are located on the positively sloped side of the Laffer

curves.

Proposition 5 A sufficient condition for a fully financed increase in the pun-

ishment rate (6 or a) to reduce total unemployment, D%Z?T <0, is that ¢ < 1.

Total unemployment falls because the unemployment rate for both manual
and educated workers is reduced as workers are reallocated towards the formal
sector when 1 < 1, as well as because more workers choose to educate themselves

(as up < Up,)-

4 Welfare

This section is concerned with welfare analysis and the optimal design of tax
and punishment policies. As shown, punishing the informal sector increases the
number of educated workers as it reduces the relative attractiveness of being a
manual worker. This is essential when considering the impact on welfare. In
case the educated labour force is inefficiently low, this provides an additional
argument for fighting the informal sector. If, on the other hand, the educated
labour force is inefficiently high, combating the informal sector induces a welfare
cost as the educated labour force then becomes even higher.

This suggests that the punishment rates are potential instruments that can
be used to affect the number of educated workers and thereby welfare. Even
though there are other, potentially more direct, instruments to correct for in-
efficiencies in the educational level, it is of importance to note that the wedge
actually has an impact on the number of educated workers and thereby poten-
tially an impact on welfare in the economy.

We make use of a utilitarian welfare function, which is obtained by adding

all individuals’ and firms’ steady state flow values of welfare. This accounts for
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that both the formal and the informal economy generate welfare in the economy.

The social welfare function is written as:

1
W = éW,, +/ Wide,
é

where
Wy = uprUn +nErEE 40l rEL 0B r gt 4nl r gl 4 oFrVE 4ol pyI
Wi = uprUn +nb B 4+ nirEl + 0l rdf +nird] + ol rViE +ofrvy!

We assume that firms are owned by ”renters” who do not work. By making
use of the asset equations for workers and firms in the three sectors, imposing
the flow equilibrium conditions as well as the government budget restriction in
(21), and considering the case of no discounting, i.e., r — 0, we can write the

welfare function as:

1
W = éeW,, +/ Whde — € (p) (24)
where
W, = (1 - um) Ym — um9mk7 (25)
Wi = (1—un)yn —un©Onk —c(e), (26)

where ©; = (9{ (o))" + 67 (1— 01)7) , | =m,h.'® With the assumption of risk
neutral individuals, we ignore distributional issues and hence wages will not
feature in the welfare function.

Examining the welfare measure in (24) reveals that we have to consider both
how the tax and punishment system affects the welfare of the manual and highly
educated sector, W, and W}, and how it affects the stock of highly educated
workers, 1 —¢é. We see from the welfare specification in (24), (25), and (26) that
changes in the punishment rates, ¢ or «, only affects welfare through its effect on
the wedge, ¥. The wedge, in turn, affects total welfare, W, through its impact
on welfare for manual and highly educated workers, W,,, and W}, and through
its impact on the number workers acquiring education, 1 — é. Changes in the
tax rates, ¢ and z, on the other hand, affects W through the wedge, 1, but it

will also have a direct effect on the number of workers acquiring education.

16This welfare measure is analogous to the welfare measure described in, for example, Pis-
sarides (2000) as it includes the aggregate production minus total vacancy costs, i.e. we note
that u;©;k = (vlF +le) k, l=m,h.
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Let us first consider how a change in the number of workers acquiring edu-

cation influences the social welfare measure:

ow

a1—e) (27)

=W, (&) = Wy, = nf w4+ nlwl —c(é) —nfwl —nl Wl .

Welfare increases when more workers acquire education whenever the num-
ber of educated workers is too low from a welfare point of view. Similarly, welfare
falls as more workers acquire education when too many workers are educated
from a welfare perspective.'”

By looking at the market solution for the stock of educated workers, it is
clear that it is exclusively the tax and punishment system that distorts edu-
cational choice. The equation for educational choice (18) can be written as
(Z%F (nfwf + AW — T — %nfnwfn) = c¢(¢) by using the expressions for
rU; presented above equation (18). We note that there are two sources through
which the tax and punishment system distorts the educational choice, namely
through the punishment tax wedge, 1, and through the tax rates, ¢’ .

The first distortion on educational choice appears when 1 departs from
unity. When ¢ < 1, being a manual worker is rather pleasant as relatively more
employment opportunities in the attractive informal sector are available. This
reduces the incentives of education, which tends to imply that too few workers
educate themselves. For ¢ > 1, on the other hand, employment opportunities in
an informal sector are not very attractive as the expected punishment rates are
higher than the tax rates. This increases the incentives of education, tending
to make too many people educate themselves.

The second distortion on educational choice follows as tax rates are positive,
¢* > 1. Taxation hits educated workers more severely than manual workers,
which reduces the incentives of education. Hence, positive tax rates distort the
educational choice such that too few workers tend to educate themselves.

From this we can conclude that welfare always increases when more workers
educate themselves when v < 1. When v is smaller than unity there is an
inefficiently low stock of educated workers both because positive tax rates hit
educated workers more severely and because manual workers face relatively more
attractive informal sector employment opportunities. When ¢ = 1, the fact that

tax rates are positive, implies that it is still welfare improving that more workers

17This clearly follows by definition as W is concave in (1 — é), and reaches its maximum

F F 4 oI T 5 F_F 10—
when nf wl + njw; —c(é) —nfwf, —nl,wl, =0.
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educate themselves. When 1) > 1, the punishment of the informal sector works
as an instrument to counteract the distortion created by the tax rates. Further
increases in ¥ above unity eventually fully counteract the distortion of the tax
system, making the market solution stock of educated workers being socially
optimal.

Let us now consider the optimal design of tax and punishment systems. Since
welfare depends on the division of labour across sectors, and the labour division
depends on the tax rates separate from the wedge, we choose the punishment
rates to maximize welfare accounting for that the tax rates adjust to balance the
government budget restriction. We use (21) to write the tax rates as a function
of the punishment rates as ¢* = h(¢!), where % < 0 if we assume that we
are located on the positively sloped side of the Laffer curves.

Maximizing W in equation (24), (25), and (26) with respect to ¢’ enables

us to write the first order condition as:

(28)

We can conclude that:

Proposition 6 Welfare is mazimized when the punishment rate is chosen such
that the informal sector is punished to a larger extent than the formal sector is
tazed, i.e., ¥ > 1.

A detailed proof is available upon request. In case the government has a
positive revenue requirement, R > 0, tax rates have to be positive, and the
optimal wedge is larger than unity.'®

The intuition for choosing a punishment wedge larger than unity, as proposed
by proposition 6, follows from that the educational stock is inefficiently low in
case 1) < 1. The first term in (28) captures how welfare is affected when more
workers acquire education. This term is positive as long as 1 < 1 (see (27) and
proposition (4)). Hence as more educational attainment increases welfare when
1 < 1, it tends to be welfare improving to increase the punishment wedge above
unity to create incentives for education. However, there is an additional source of

distortion in the model in case ¥ deviates from unity. This distortion is captured

18 A zero tax rate also implies that there are no informal sector that can be punished. Hence

it is not possible to obtain the revenue requirements, R unless ¢ > 1.
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by the second term in (28). This term captures how the value of being a manual
and a highly educated worker is affected by ¥». When 1 deviates from unity there
is a distortion between the informal and the formal sector. If ¢ < 1, too much
work from a welfare point of view is carried out in the informal sector, and vice
versa when 1 > 1.9 Hence, when v < 1, welfare improves when increasing 1
both because it increases the stock of educated workers and because it reduces
the distortion between the informal and formal sector. However, when 1 > 1,
additional punishment of the informal sector brings about a negative effect on
welfare as it increases the distortion between the formal and the informal sector.
Eventually, further increases in the punishment rates will induce welfare to fall.

From proposition (6), we can conclude that:

Corollary 7 The stock of educated workers are below what is socially optimal

when the punishment rate is chosen so to mazimize welfare, i.e., when 1 = ™.

This follows from the first order condition determining the optimal punish-
ment rate (28) and equation (27), where the socially optimal number of educated
workers are determined by % = 0. From (28) we observe that the welfare
maximizing punishment rate is set so that % > 0, fulfilling the first order
condition as the second term is negative for ¢) > 1, which implies that the edu-
cated stock is below what is socially optimal. This intuitively follows as it is not
optimal to set the punishment so to fully correct for the inefficiently low stock
of educated workers, as such a choice implies a distortion between the formal
and the informal sector. As it is a trade-off between the two distortions, it is
never optimal to fully eliminate one of them.

The results that the punishment rates should be set such that the infor-
mal sector is punished to a larger extent than the formal sector is taxed, i.e.,
1 > 1, should clearly not be taken literally. Merely it points at that it is po-
tentially important for welfare to acknowledge that employment opportunities

in an informal sector may reduce the incentive to acquire education.

19This is further made clear by noting that vacancies per unemployed worker are maximized,
and the unemployment rates for manual and highly educated workers, are minimized when

P =1.
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5 Conclusion

This paper endogenized the relative size of the formal and informal sector for
highly educated and manual workers. As highly educated jobs were associated
with lower job separations than manual sector jobs, manual workers faced higher
unemployment and relatively larger job opportunities in an informal sector.
These relatively more extensive job opportunities in the informal sector for
manual workers implies that the choice of not acquiring higher education became
more attractive. Hence, informal sector employment opportunities may reduce
the incentives to acquire higher education and thereby reduce the educated
labour force.

This paper developed a four-sector general equilibrium model featuring match-
ing frictions and worker-firm wage bargains. Workers differed with respect to
ability, and the choice of education was endogenously determined. We asked if
increased punishment of the informal sector and/or reduced taxation induced
more workers to educate themselves. The answer to that question was yes, and
the story just told provides the intuition behind this result.

We also studied how unemployment, was affected by increased punishment
of the informal sector and/or reduced taxation. Although some recent studies
have shed light on how punishment policies affects unemployment, this paper
uses a framework which enabled us to study the impact of tax and punishment
policies when workers are searching in both a formal and an informal sector.
We found that increased punishment most likely would reduce the number of
unemployed workers.

Finally, the paper characterized the optimal tax and punishment system.
We showed that it was optimal to punish the informal sector to a larger extent
than the formal sector is taxed. The optimal choice of tax and punishment
system, however, implied an inefficiently low stock of educated workers. The
results show that it is potentially important to take into account the impact of
the employment opportunities in the informal sector on education, as it in turn,

may have consequences for welfare.
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Appendix

6.1 Existence of ¢ € (0,1).

Consider equation (18). High productivity workers face a lower separation rate

and identical or higher productivity than manual workers, that is, s, > sp

and y, > Ym. To ensure that

05
(1—op)' =7

eF
(17‘7m)17’Y

> we need to show that,
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9F

o™ o‘l)l —, decreases in the separation rate, d — /ds; < 0 and falls or is

( —o;
unaffected by an increase in productivity dW / dy; > 0.

oF 1—y
Differentiating W with respect to s; gives, after using that (ﬂ)

ol
0
Y

ds; 1 — o'l 9F ds; 1 — o ds;

1—)

oF
d(l,gi)lfw _ ( 1 d@l 1 - 7@)
2k

—17 T 3 ! z
oDy <(0F) (yl_a]jlel”) <aiz‘1>+(9{) (yl_a— s

where

1 (1-9)1 oF < (1 )>
Dy = — — |y —k—Lt——y 1+ (=—1 .
l elpel[yl 1— 0, oy <yl (1 - 01)1_71/} gl w

To show that D; < 0 we first consider the case when 1 < 1. By inspectation
of equation (15) we observe that D; < 0 if ¢ (1 + o0y (— — 1)) < 1, which is

true. In the case when ¢ > 1, we rewrite D; using equation (11) to obtain:

1 (1-9)1 9’ 1
Dy =— — |y —k 1 ——1 .
: QZFQ{yl l—0 0 (yz o)~ T (0

and then use equation (16) to show that a sufficient condition for a negative
sign is that (1 + oy (L — 1)) < 1, which is true. Hence D; < 0 for all ¢, which

ensures that d e —1—/ds; < 0.
Furthermore, dlfferentlatlng equations (15),(16) and (11) with respect to y;

gives the following

y 11
ao* 0% o' 6l do _aa opor¥
dy  w Tdyr oy T dy Dy ’
F
whereby d T /dy; > 0. Hence, we can conclude

(1—0y
F F
9h 9m

> .
(1 - Uh)l_’y (1 - 0-7n)1_’y

Thus, at least some high ability workers will educate themselves, that is,

there exist an é > 0 as ¢(1) = 1. Moreover, as individuals with very a low
ability face very high costs of education, i.e., lim._,g ¢(e) = oo, this ensures that

e <l
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6.2 Higher employment rate facing highly educated work-

ers

High productivity workers face a lower separation rate and identical or higher
productivity than manual workers, that is, s,, > sp and y; > y.,,. Therefore,
in order to show the difference between high productivity workers and manual
workers, we consider the impact of a higher s; and a higher y;. Differentiating

equations (15),(16) and (11) with respect to s; gives around the equilibrium:

1 1 1
3 oF 2 3
e o 1o, w(0F) kb= ((ef ) a—oyw+(6f) al)
ds; o 011 (1*0’1)0’[ —-D;
1 1 1
3 oF 3 3
g0t ok 1y U (90 i r— <(91F) (I=o)y+ (9{) Uz)
ds; - QlF (1—0’1)0’1 —Dy
1 1
F\2 I\?2
o _ o () (%)
— = 2 k > 0,
ds 070! —Dy
We can show that % is negative for all ¢ in the following way. Consider
the case when ¢ < 1. Using equation (15) and 8/ > 0] we observe that % is
negative. Next, consider the case when ¢ > 1. Rewriting using equation (11)
we obtain:
F\? 6/ F\? L (o1
aoF ok 11—y (o) G (o) -0+ (00) "
ds; o 911 (1—0’1)0’1 —Dy ’

which by use of equation (16) can be proved to be negative for » > 1. Hence
&% < 0 for all 4.

The sign of % is indeterminate. In case % > 0. then relatively labour
market tightness, 9lF / 9{ , decreases with the separation rate. This in turn implies
that relative employment decreases with the separation rate, d%;; /ds; < 0. In
case % < 0, then the negative impact on the formal sector labour market
tightness is larger than the negative impact on the informal sector labour market

tightness:

' LileF ‘ or (elF)% ~ Kol <(91F)% (1—01)+ (Qf)% ioz)
Si o
Y
!

B () soter ()" -+ (1)

dsl
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F
Hence also in this case we have that d:;—’l /ds; < 0, which therefore holds in
L

general for the model.

ot _ o" do’ _ 9 dof
Next, as T 0, = o 0 we obtain that 2L > Ty and

F
therefore d%% /dy; > 0. We can conclude that relative employment, formal
L
relatively to informal sector, is higher for highly educated workers than for
manual workers, Tth > n
l

Finally, we compare unemployment rates for highly educated and manual

workers. The total impact on unemployment from a higher separation rate is

b w0 ol ot
dsi 14 2L \sitp ooy dse (si+p)® s 00 dsi s )
1

As ﬂ < 0 then for 22 < 0 we obtain that dl‘; > 0. If ‘fi‘z > 0 then a

suﬁic1ent cond1t1on for a p051t1ve sign is

Lol
s1.00F dsy

L o
s+ ap; ds

if and only if
%Af (yl (9f)%k0?1 ((91>5(1al)+al (9{)%))
Y (@gf it (o) 0o o (o) %))

which is true. Hence, d—“l is positive.

As ‘ffyl =05 0, lel = 0’ >0 and d"’ = 0, this corresponds to d“l < 0.

Hence unemployment increases with s; and falls with y;. We can conclude that

up < Uujy.
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