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Abstract

A matching model will explain both unemployment andnomic growth by considering the
underground sector. Three problems can thus be l&meously accounted for: (i) the
persistence of underground economy, (ii) the anduguelationships between underground
employment and unemployment, and (iii) between ftijroand unemployment. Key
assumptions are that entrepreneurial ability isdémegeneous, skill accumulation determines
productivity growth, job-seekers choose whetheintest in education. The conclusions are
that the least able entrepreneurs set up undergidiorms, employ unskilled labour, and do
not contribute to growth. Underground employmerievahtes unemployment only if the

monitoring rate is sufficiently low.
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Non-technical summary

This theoretical paper contributes to explainingéhstylised facts at the same time, viz.:
(1) the underground economy appears to be persistenivialespread in most countries.
This fact has also been called the ‘shadow puzzle’;
(i) underground employment and unemployment exhibitaambiguous relationship
across countries;
(i) economic growth and unemployment also exhibit amiguous relationship across
countries and over time.

As far as we are aware, no study has attemptedabvdth these three issues at the same
time. In particular, no study has attempted to link human capital-economic growth nexus to
unemployment through the economy’s compositioménregular and underground sectors.

The paper develops a search and matching modetufitgium unemployment la
Mortensen and Pissarides in two sectors where @etneurial ability and human capital play a
key role. The model is based on the following agstions, which are supported by a variety of
empirical studies:

- labour productivity is lower in the undergroundtseavith respect to the regular sector;

- individuals are heterogeneous in their entrepraakabilities;

- irregular firms have lower entry costs and taxestregular firms, but bear the risk of being
discovered as unregistered and destroyed, accomlithg monitoring rate implemented;

- irregular firms employ unskilled labour, while régufirms employ skilled labour;

- education is costly, and individuals can choosethgreor not to invest in education and
become skilled,;

- the education level determines productivity grolthproducing externalities also in favour
of the underground sector.

These assumptions make it possible to find aniontexguilibrium where both sectors
survive, thus providing an original explanation ftie ‘shadow puzzle'. In this equilibrium,
individuals with an unprofitable level of entrepeemial ability seek jobs as employees;
individuals with just sufficient ability open vaaaas in the underground sector, and the ablest
individuals open vacancies in the regular sectape€Eted profits and wages are higher in the
regular sector. On this basis, individuals who gledor jobs as employees choose whether or not
to invest in education and to become skilled befamering the labour market. Therefore, the
education level is higher in the regular sectod #re size of this sector can thus contribute to
explain economic growth.

If education influences labour productivity wittcheasing returns when it is at low levels,
and with decreasing returns at high levels, twevaht equilibria may emerge. The economy
represented by the more efficient equilibrium daggla smaller underground sector, higher levels
of entrepreneurial ability used, extra-profits, atele wages, skill, education, and greater
productivity growth.

The model contributes to explaining the other twgised facts by adopting a novel
perspective in which the monitoring rate plays & kale. In fact, the model predicts that the
relationship between the underground employment @amemployment (issuei)) is negative
(positive), and the relationships between proditgtigrowth and unemployment (issud )) is
positive (negative) if the monitoring rate is saifintly low (high). These results may account for
the difference between Latin American and EU tt#nsi countries vs. EU non-transition
countries.

Policies for entrepreneurship, education, and manij would help both employment and
economic growth.



INTRODUCTION

The study of the underground economy that adopiismng-type models is not new
in the economic literature. Two aims are usuallgspad: solving the ‘shadow puzzle’, i.e. the
persistence of the underground economy in a varétygontexts and times (Boeri and
Garibaldi, 2002, 2006); highlighting the ambiguotedationship between underground
employment and unemployment (Bouev, 2002, 2005riBvel Garibaldi, 2002, 2006; Kolm
and Larsen, 2003, 2010; Fugazza and Jacques, Bi®th and Esteban-Pretel, 2009;
Albrecht et al., 2009).

The study of endogenous economic growth thatadlepts matching-type models was
initiated by Pissarides’ (1990) book, and by Aghamd Howitt (1994), so that the issue of the
relationship between growth and unemployment has beth raised and addressed with new
analytical tools (Laing et al., 199%ghion and Howitt, 1998; Mortensen and Pissarides,
1998; Pissarides, 2000; Mortensen, 2005). In fdifterent authors obtain different results
concerning the sign of the correlation between g¢noand unemployment, both across
countries and across long periods of time in theesaountry (Aghion and Howitt, 1994;
Bean and Pissarides, 1993; Caballero, 1993; HodnP&relps, 1997; Muscatelli and Tirelli,
2001). This ambiguity has been explained on thasbaf theoretical assumptions about
technological progress and the interest rate (se=adxt section).

However, as far as we are aware, no study hangiiéel to deal with the three issues
at the same time, i.ei)(the persistence of underground economy, alseddle ‘shadow
puzzle’, (i) the ambiguous relationship between the undergro@mployment and
unemployment, iij) the ambiguous relationship between growth andnph@yment. This
paper makes such an attempt by developing a newhimgtmodel with the following key
assumptions. First, individuals are heterogeneoubkeir entrepreneurial ability, and they can
use it to run either a regular firm or an undergibéirm, which has smaller entry costs and
taxes, but also lower productivity. These assumgtiavhich are empirically well-founded
(La Porta and Shleifer 2008), make it possibleital fan interior equilibrium where both
sectors survive, thereby adopting Lucas’s (197®y@gch of heterogeneous talent allocation,
which has been subsequently developed by Baum8Dj1®auch (1991), and van Praag and
Cramer (2001). In this equilibrium, individuals tvian unprofitable level of entrepreneurial
ability seek jobs as employees; individuals witht jaufficient ability open vacancies in the
underground sector, and the ablest individuals ogmrancies in the regular sector. This

solution of the ‘shadow puzzle’ is new and genérai and Pugno, 2010).



Another key assumption of our model states thatlezgirms employ skilled labour,
while underground firms employ unskilled labour.idrassumption is supported by a variety
of evidence (Agénor and Aizenman, 1999; Boeri aratitgaldi, 2002, 2006; Bosch and
Esteban-Pretel, 2009; Cimoli, Primi and Pugno, 20Q6lm and Larsen, 2010). In the
individual's choice setting, this assumption leadsthe further analytical postulate that
individuals who search for jobs as employees hé&eady chosen whether or not to invest in
education and to become skilled before enteringlab@ur market. Empirical support is
provided by the fact that employment in the undaugd sector and the education level
within countries appear to be negatively correlgt&ltbrecht et. al., 2009; Cappariello and
Zizza, 2009).

A further key assumption of our model receives eailisual support in the literature
about the role of human capital in endogenous drof®omer, 1986, 1988, 1989; Lucas,
1988; Rebelo, 1991; Stokey, 1991), as recentlyesiast by Savvides and Stengos (2009).
Specifically, the assumption states that the edutdevel determines productivity growth
(Laing et al., 1995) by producing externalitiesoals favour of the underground sector. Since
the education level is higher in the regular sectbe size of this sector contributes to
explaining economic growth. Therefore, the ultimategine of economic growth is “good
matching” between the ablest entrepreneurs anchtdst educated workers.

This conclusion is interesting for the debate amnble of the underground economy
in economic development, and on the policy impima (de Soto, 1989; Johnson et al.,
2000; Friedman et al., 2000; Farrell, 2004; Cardlod Pugno, 2004; Banerjee and Duflo,
2005; Cimoli, Primi and Pugno, 2006). In particulanr theoretical conclusion accounts for
La Porta and Shleifer’s (2008) empirical findingtlgrowth needs those firms which are most
productive, and which hence cannot be informal.

On the basis of these assumptions, our model aiderstanding of not only the
shadow puzzle (issuei)), but also the ambiguous relationships betweederground
employment and unemployment (issug)(and between growth and unemployment (issues
(iii)). Issue if) has arisen in the literature because of an antpiguthe results. According to
Bouev’'s (2002, 2005) matching model, scaling doha einderground sector may lead to a
decrease in unemployment, whereas, according taiBoel Garibaldi’'s (2002, 2006)
matching model, attempts to reduce shadow employmah result in higher open
unemployment. Issueii() has been effectively synthesised by Mortensef3p0~vho shows
that the correlation between average growth andageeunemployment over the past ten

years across 29 European countries is essentaity z



By considering that the economy includes undergiofirms, which benefit from
evading taxes and from lower wages, but are budiéyebackward techniques and by the
risk of being discovered as unregistered and dgstr@according to a monitoring rate, our
model yields the following conclusion about issug. (The proportion of underground
employment is positively related with the unempleyr rate if the monitoring rate is
sufficiently high, whereas, conversely, the proport of underground employment is
negatively related with the unemployment rate & thonitoring rate is sufficiently low. Since
the proportion of underground employment negativagptributes to economic growth, the
conclusion about issueiiij follows. Economic growth is negatively related ttwi
unemployment if the monitoring rate is sufficienthygh, whereas economic growth is
positively related with unemployment if the monitgy rate is sufficiently low.

The empirical plausibility of these conclusions de& shown by scatter diagrams on
the growth/unemployment axess-a-vis Mortensen’s (2005) synthesis, which eventually
brings us to issuaii(). The groups of countries with the highest momiiprate (captured by
the ‘rule of law’ index), such as the EU non-traioesi countries, exhibit a negative correlation
(Fig. 1). The groups of countries with the lowesinitoring rate, such as the EU transition
countries and the Latin American countries, exhgbgositive, though less close, correlation
(see Figs 1-2).

========== Figs. 1-2 about here (now at the end with relatath)l =========

The rest of the paper is organised as followsi@edt briefly reviews the literature on
growth and unemployment in the matching framewadgtion 2 presents the model with
underground sector and finds the steady-state igofjt section 3 extends the model to
endogenous investment in education and finds #adgtgrowth solutions; while section 4
concludes with some remarks on policy implicatiohbe appendices set out the relevant

proofs and mathematical details.

1. A BRIEF LITERATURE REVIEW
Before the recent papers of search and matchimayytheconomic growth was usually

analysed in a framework without unemployment. Twés an important shortcoming in the

! The correlation coefficient between the growtterand the unemployment rate for the group of EU-non
transition countries is —0.30 if they report a highle of law’ (above 88), and —0.17 for the santeup
irrespective of the ‘rule of law’. The correlati@oefficient for the group of EU transition coungis —0.13 if
the outlier Poland is included but 0.30 if it isckidded. The correlation coefficient for the group Latin
American countries is 0.43 if Chile, which recorl$igh index of ‘rule of law’ (88), is excluded,d0.39 if
Chile is included.



neoclassical literature, as acknowledged by Solmasélf (1988), but it was justified by the
mere cyclical nature of unemployment. The influainpapers of Aghion and Howitt (1994,
1998), Mortensen and Pissarides (1998) and Pigesa(®000), enable us to study growth and
unemployment in the same framework, linking theatessical growth theory (Solow, 1956)
with the theory of the natural rate of unemploymg@friedman, 1968; Phelps, 1968). It has
thus been recognised that unemployment has alsw@uwal nature which persists over the
business cycle.

The analysis of both growth and unemployment haxeatrated on technological
progress. As shown in Pissarides (2000), innovatan be introduced into search and
matching models in two ways. First, this can beedoy assuming that technological progress
is disembodied, meaning that labour productivitybimth old and new jobs grows at the
exogenous rate of technological progress. Secondassuming Schumpeter's notion of
“creative destruction”, technological progress msbedied in new jobs, meaning that labour
productivity in old jobs does not grow.

As in the standard neoclassical model (Solow modelghnological progress is
disembodied in the sense that both old and new pebgfit from higher labour productivity
without it being necessary to replace their capitatk? In the disembodied technological
progress, the higher the technological progress,ldlver is the discount rate. Hence, the
present-discounted profits are higher and firmsnop®re vacancies. This is the so-called
“capitalization effect”, which implies both highegrowth and a lower steady-state
unemployment rate (Pissarides, 2000).

When technological progress is embodied in new,jayswth can come about
through job destruction and the creation of new @age productive jobs, owing to the need
to replace the capital stock. In the case of endmbtiechnological progress, the rate of job
destruction is endogenous, and it is higher atefasates of growth. Hence, faster
technological progress is associated with a higheady-state unemployment rate (Aghion
and Howitt, 1994, 1998).

According to Mortensen and Pissarides (1998), tloggmosite results found in the
literature on growth and unemployment can be imetgal within a more general model in
which the direction of the effect of productivityogvth on unemployment depends only on
the size of the updating cost. Formally, Mortenserd Pissarides (1998) find a critical

renovation cost such that faster growth decreasesployment if the updating cost is below

% This is the only form of technological progresattis consistent with a balanced-growth path.



this critical value, and it increases unemploymiérthe updating cost is above the critical
cost.

Finally, according to Mortensen (2005), there isabear prediction about how the
unemployment rate and the aggregate growth rateldhze correlated across countries or
across time, and the net effect of growth on unegmpént is unclear. Indeed, in Mortensen’s
model two opposite effects are at work: the negagiffect of creative destruction on market
tightness, since a more rapid rate of job deswoateduces the value of firm and entry, and
the positive relationship between the creativerdesbn and labour market tightness implied
by the steady-state equilibrium condition and thermployment identity.

The present paper takes another look at the stalctunk between growth and
unemployment by recognising that the economy ugualtludes an underground sector,
which is backward and less attractive for educataple with respect to the regular sector.

The fact that education plays a key role in humapital formation and economic
growth has been widely studied in the endogenooawtdr literature (Savvides and Stengos,
2009) since the pioneering works by Romer (1986 laicas (1988). In particular, Laing et
al. (1995) use a matching framework to analyze'ltmg-run’ endogenous growth rate in an
economy in which ‘short-run’ labour market frict®rand investment in education are
important for the economic growth process. In patér, the economic growth rate depends
crucially on the human capital growth rate. Thayfihat a higher contact rate of workers
with vacancies leads to a higher rate of growthhofman capital and a lower level of
unemployment.

However, no study has attempted to link the hunzgoital-economic growth nexus to

unemployment through the economy’s sectoral coniposi

2. MODEL WITH UNDERGROUND SECTOR AND UNEMPLOYMENT

2.1  The matching framework

The paper proposes a general model of equilibrimemployment where individual
wage bargaining prevails in the labour market (Miosen and Pissarides, 1994; Pissarides,
2000). Numerous firms competitively produce a hoemmgpus product, but adopt different
institutional and technological set-ups. They may fegistered, and therefore pay a
production tax and adopt a relatively advancedrteldyy; or they may not be registered, and
therefore evade taxes and adopt a less efficiehnt#ogy. Hence non-registered firms form
the underground or shadow sector of the economychais illegal because of the process

employed, not because of the good being produced.



As is usual in matching-type models (Pissaride€)02(Petrongolo and Pissarides,

2001), the meeting of vacant jobs and unemployedkeve is regulated by an aggregate
matching functiorm =m(v,,u), wherei 0{r,s} denotes the sector € regular, s= shadovy,
vV, measures the vacancies in the sector, undeasures the unemployed (who are the only

job-seekers). By assumption, the matching funcisonon-negative, increasing and concave
in both arguments and performs constant returnsctde, so that the job-finding rate,
9(6)=m(v,,u)/u=m(6, 1), is positive, increasing and concave in the stedamarket
tightness, 6 =v./u. Analogously, the rate at which vacancies are edill
£(6,)=m(v,,u)/v, =mlL8), is a positive, decreasing and convex functiog,iFurther, the
Inadatype conditions hold: lim, _, f(g)= lim, ., 9(8)=o;

lim, ., f(6)=1m, ,9(6)=02

The Bellman equations specified to find infiniteizon steady-state solutions &re:

Value of ... Underground sector Regular sector

a vacancy rv, =—c, + f(6,)43, -V.] rv, =—c, +(6,)09, -V, ]

afiledjob | Pe=XYs W +(@+ o)V, -3]] 13, =xy, -w -7+, -]

searching for ajop "Ws =z+9(6,)0w, -u ] riw, =z+g(6,)dw, -u,]

being employed | " W =W, + (6+ p)u, -W] rw, =w, +30u, -W,]

whereV; is the value of a vacancy; is the value of a filled jolyJ; is the value for seeking a
job:> W is the value for being employedis the instantaneous discount rageis the start-up
cost; z is the opportunity cost of employmeny; is entrepreneurial abilityy; is labour
productivity; wj is the wage rater is an exogenous production taxjs the monitoring rate,
l.e. the exogenous instantaneous probability ofra being discovered (and destroyed) as
unregisteredpis the exogenous destruction rate. The parameters, 7, p andodare always

considered as positive and exogenous.
Empirical evidence suggests that underground emmpoy is one of low productivity
jobs (Agénor and Aizenman, 1999; Boeri and Gariba®02, 2006; Cimoli, Primi and

® The matching functions of the two sectors may ifferént, but evidence is lacking in this regard.

* Time is continuous, and individuals are risk naitive infinitely, and discount the future.

® The unemployed cannot search for jobs in bothosgait the same time (i.e. there is a directedchar
However, irrespective of the sector, if an unemptbyerson fails to find a job, s/he falls back itlie same
pool of unemployment.



Pugno, 2006; Bosch and Esteban-Pretel, 2009). fidrereour first key assumption is the
following.

Assumption 1Labour productivity is lower in the underground seowith respect to

the regular sectory, <y, .°

As usual, wages are assumed to be the outcomBlasgtabargaining problem:

w, =argmadw, U, )" 3, -V, }= (w —ui)=ﬁmai -v)  withiOfr,

where the paramete 301(0,1) is the surplus share for labour. Simple manipofeti thus
yield:

w, =(1-4)0u,(6,)+ Bx y, ~7-1V,(6)))

w, = (1- £)0U(6,)+ BTy, ~1V,(6.))

with w.'(6,)>0 Oi, sinceV,'(8)<0, andU,'(6,)>0 Oi.

The surplus of a job in each sector (divided betwaee entrepreneur and one worker
by the wage) is defined as the sum of the workamts firm’s value of being on the job, net of
the respective outside options, so tS =J, -V, +W —-U,. Using the Bellman equations,
we get:

S = X, LYs —Z+Cq . S - X ly, —T-z+c,
Cor+s+p+(-AI @)+ pme) T r+s+(-8)0r(e)+ ple)

Note that both the surplus and wages are heterogsmneithin the two sectors, besides

being different between them. This is due to theral heterogeneity of entrepreneurial
ability.
The expected present values of vacancies for ficas be also obtained, since
(3,-Vv,)=(-pB)is, and(J3, -V,)=@1-B)IS, , i.e.
_f6) - B)ix Ly, -2)-c,[(r+3+p+ BLg(6,))
rVS(X)—
r+3+p+(1-B)0F(6,)+ £ 0(6.)

V. (x)= f(6,)i-B)i(x ty, ~-7-2)-c [(r+3+B19(6,)) -

r+o+1-B8)0F(6.)+B8(6,)

As in Fonseca et al. (2001), we ignore the rang@ie which 8 is large enough to

[1]

turn rV, negative. Hence, it must be ttg, D[O,é) Oi, Whereé <o is the value such that
V, (é)=o. Furthermore, since fcg =0 the vacancy would be always filled, the relevant

interval for & become:g D(O,é) Oi, which impliesu#0, v, 20 Oi.

® We neglect possibilities of moonlighting, so thairkers can perform only one activity at a time.



2.2 Entrepreneurial ability and the underground sec

A key feature of the model is that the comparisetwieen the expected profitability of
posting vacancies in the two sectors depends oarttriepreneurial ability of individual: x).
More precisely, let us assume the following.

Assumption 2 Entrepreneurial ability x is distributed over a unitary set of a
continuum of infinitely-living individuals who exgteto participate in production activity
either as entrepreneurs or as workers. This abitiégyy be measured in continuous manner,

X 1 [0, Xl » following the known c.d.F :[O, xmax] - [0,1].

max.

The individual must be endowed with a minimum legélentrepreneurial ability in
order to open a vacancy, thus becoming an entrepreAs will shortly be made clear, this
minimum level is required to enter the undergrosedtor only, because the level of ability
required to enter the regular sector is even highlee minimum ability required to become

an entrepreneur, labelled wix_. , can thus be obtained from the zero-profit coodiin the

underground sector, i.e. froV, =0 in equation [1]"
Iimvs_.0|: Cs - (1_ﬂs)[(xs |:ys_z) jxmin :£>O
i) (r+o+p+B 16,) Yo

Therefore, the zero-profit condition can be usedistinguish entrepreneurs from workers.

Lemma 1. All the individuals endowed wittx>x_ , i.e. within the interval

F(x...)F(x.,) expect to profitably open a vacancy, thus becgmairtrepreneurs, while the

individuals, labelled witrl =F(x_, ) and endowed with< x;,, will not post any vacancy,

min min ?

thus becoming workers.
Note that entrepreneurs will earn extra-profit a®mt in posting vacancies, because
ability is not tradeable.

Let us now define a threshold level of entrepreiaability T [1]x ] such that

min ? Xmax
two entrepreneurs drawn from the two sectors yeeldal expected profitability, i.e.:
Vi (x=T)=V,(x=T) 3]

T can therefore be derived from equations [1], §2[d [3]:
r+z+c [A(B+1)-(z+c,[B)A+1) 4]
Y, (B+1)-y,(A+1)

with a=!*9*ALo6) gngg =" *9+P*ALY6.)
(L-B)or(6,) (- B)r (6.

pod

" In a framework in which the number of firms isdik the zero-profit condition is no longer used&termine
the labour-market tightness (see Fonseca et &l1,2(hd Pissarides, 2002).

10



Equation [4] defined as a speciak, so that the conditio x> x .. >0 requires that
T>0. Sufficient conditions fof>0 are that both the numerator and the denomirmtfet] are
positive. The numerator is positive (r+2z)>c,, ¢, >z, and ¢, >c,, which are realistic
conditiond. The denominator is positive y, is sufficiently greater thaiy,, which is a
necessary condition for the regular sector to bk @b survive, and it qualifies our
Assumption 1.

A further result can be obtained from these restnis: the intercept cV, (x) is lower
than the intercept ¢V, (x), and the slope ¢V, (x) is steeper than the slopeV,(x) (see Fig.
3).

From the macroeconomic point of view, the entrepues’ indifference condition [3]
implies that, given the set of entreprenel-|, the share of entrepreneurs who open a
vacancy in the regular sector is:
1-F(T)=v, [5]
while the share
F(T)-1=v, [6]
opens a vacancy in the underground sector. Entrepre may thus post a vacancy and then
fill the job, or fail to fill it, in one of the twasectors, so that it can be simply stated that

v, =1—(vS +I).9 Hence, equation [4] can be re-written in a moneegal form as follows:
T=T(v) [7]
Equation [7] makes evident the relationship betwemntwo variable:v, andT, and it can
thus be calledl-curve. Only the variabliv, appears in [7] because in this subsection the

variableu appearing in [4] is taken as exogenous, thus lindey the fact that it is taken by

entrepreneurs as given, while in the next seatiaill be a function otv,.

The relationship is negative in the equation [dese of the wage cost effect, and the
effect due tasearchor congestiorexternalities (see Pissarides, 2000). In fadhefirregular
vacancies increase, wages increase, and the pliopabifilling them is lower. Hence, it is

more difficult to fill an irregular vacancy and fewentrepreneurs enter the irregular sector. It

® The value of the start-up cost in the undergrosextorcs should be very low, since ease of entry is oftea o
of the criteria used to define the informal se¢térxhani, 2004). By contrast, the start-up aps$ often very
heavy because of regulations, administrative bugdie@ence fees, bribery (Bouev, 2005).

° In this model, the number of incumbent entrepresewho runn, + n, firms, is exogenous, and adds to those
who enter the market. Matters thus become simpitéiowt loss of generality.

11



can thus be proved thidT /dv, <0 under restrictions very similar to those requifed
T =T(v,)>0 (seeAppendix A

Equation [7] can be coupled with equation [6], whiepresents the distribution of
ability across entrepreneurs. In this equav,ns monotonically rising inf from x_,, up to

n

Xmax - BOth equations [6] and [7] can thus be depictethe diagram with axe:v,,T], as in

Fig. 4. Equation [7] has been built under the fweiltg condition:

7= (r+z+c (A)-z((A+]) .
; Yo —Yo(A+])

lim

so that the available entrepreneurial ability isient to open some vacancies.
Lemma 2.A unique intersection between the two curves exXists determining the
partial equilibrium of the model, since u is talengiven.

From this result, and from the previous one represkin Fig. 3, a further result

follows, thus substantiating the statement thatti@mum level of entrepreneurial ability to

profitably open a new vacancy, i x_., strictly regards the underground sector.

min ?
Lemma 3. The less ableentrepreneurs open irregular vacancies; the abler

entrepreneurs open regular vacancies.

2.3 Unemployment and the steady state general @opuuim

Although the economy has two sectors, we empisicalbserve a single rate of
unemployment, which is defined thus:
u=Il-n, —n [8]
where n, and n, represent steady-state employment in the reguidruaderground sector,

respectively. Since jobs arrive to unemployed wislka the rat(g(ﬁi), with i D{r,s}, and

regular and irregular filled jobs are destroyethatrated and (5+ p), respectively, then in

the steady-state equilibrium it must be that:

dln, =ulg(8) [9]

(6+p)mh, =urg(é,) [10]
Given the assumptions in the previous subsectiencam viewu[g(8.) and u [g(HS)

as the share of skilled and unskilled workers whal fijobs, respectively. Steady-state

unemployment is thus given by equations [8], [9] &L0]:

12



[11]

+ L+

o o+p

This equation can be rewritten in general andiepbrm as follows:
u = u(vs) [12]
where steady-state unemploymans a function of vacancies in the undergroundcgemly,
sinced, =(1-1-v,)/u and g, =v,/u. Equation [12] can be depicted as a U-shaped darve
the (s, u)-axes over the rancv, 0]0,(L-1)[, with perfect symmetry in the case @0 (see
Appendix A

Equation [12] closes the general equilibrium maodeined by the system including
the three main equations [4], [6] and [12] in theee unknownss, T, andu. It is intuitive that
the equilibrium result obtained in the previous sadiion (whereu was taken as given),

which concerned with the intersection between tireas represented in [6] and [7], does not
gualitatively change ifi changes through equation [12] only moderatelgaft be proved that

this condition is— al;(v) , which obviously holds for intermediate levelswf(see
r VS S
Appendix A
It can also be proved that the equilibrium resoksinot qualitatively change even in
the complementary conditions, i. a;(v) Hi and a;(v) >5 which may hold whervs
V, V,

S r S S

takes extreme values. In these two cases the nwaromic condition of the labour market
affects both the regular and the underground sebtdiact, forvs close to zerodu(v,)/av,
may be so negative that both and g rise, buté; rises more tha®}, while for vs close to
(1-1), au(v,)/av, may be so positive that both and & diminish, buté& diminishes less than
G (seeAppendix A

Therefore, this concluding proposition can be otsdi

Proposition 1.The solutions for the four key variablvg v,, T and u are obtained
by considering: 1) the present discounted valueth@fvacancies, i.e. equations [1] and [2];
2) the entrepreneurs’ indifference condition betwepen vacancies in the two sectors, given
their entrepreneurial ability distribution, and thareshold level of entrepreneurial ability,

l.e. equations [3] and [4]; 3) the unemploymentntty [8] and the equilibrium condition of
the transition flows on the supply side of the labmarket, i.e. equations [9] and [10].
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2.4  Discussion

The main result of the model of this section ig that only is there an interior solution
whereby both the underground sector and the regelaor survive in equilibrium (Boeri and
Garibaldi, 2006; Albrecht et. al., 2009), but tlquilibrium is determined by allocating
heterogeneous entrepreneurial ability between wee gectors (Rauch, 1991; Carillo and
Pugno, 2004). This may explain the so-called “shagozzle”, i.e. the persistence of the
underground sector despite advances in detectmhmééogies and greater organisation by
public authorities to reduce irregularities (iss@i¢ in the Introduction). This kind of
explanation runs counter to the argument that titeerground sector is an incubator of infant
industries (see also La Porta and Shleifer, 20@8icR, 1991; Levenson and Maloney, 1998).

A number of other important results can be dravwamficomparative statics exercises,
although described in dynamic terms for shortn@sgeneral exercise concerns the effects of
the shift of thel-curve due to changes in some parameters. Its davehshift decreases both

the (partial) equilibrium ov, in Fig. 4, and the model’s (general) equilibriuf v,, and
hence alscd,. Therefore, this downward shift squeezes the ptapoof the underground

sector and expands the proportion of the reguletoseas clearly emerges from equations [5]
and [6], and as can be easily derived from equa{i8p [9] and [10] jointly.

The downward shift of thél-curve can thus increase overall output, because it
increases the proportion of the most productivaosedhe regular sector is in fact more
productive than the underground sector for twoaeasthe regular sector exhibits a greater
labour productivity, and the most able entrepresiguefer this sector. In fact, for a greater
number of regular vacancies made possible by tiie afhthe abler entrepreneurs from the
underground sector, both the number of regular Ieatcm, =m(v,,u), and skilled
employmentn,, are greater because of the greater probabilitiypntoa regular job.

The downward shift off-curve also increases the shadow wage gap, i.ewdgye
differentials between the two sectors. This effeadue to the rise of the equilibrium level of
v, , since the wages are increasing functions witpaeisto the vacancies level.

The main policy implications can be drawn from #féects of the changes in the
policy parameters of, and hence on the proportion of the undergraeudor, i.e.:

a_T<O; a_T>O; a_T>O
20 or oc

r
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In words, closer monitoring, lower taxation and éwvstart-up costs reduce the underground
sector. This is in line with the conclusions of @timodels (see e.g. Friedman et al., 2000;
Johnson et al., 2000; Sarte, 2000; Bouev, 2005).

A new contribution of this model regards a muchrencontroversial question, i.e. the
ambiguous relationship between the undergroundaugrand unemployment (issue) (in
the Introduction). This relationship is representgdthe equation [12], which is U-shaped,

thus showing thaou(v,)/dv, <O whenvs is relatively small, ancou(v,)/dv, >0 whenvs is

relatively great. But ip increases, then the minimumwfu(vs) shifts in the region wheng
is closer to zero. A more precise Proposition tas be stated:

Proposition 2.If v.<V;, the relationship betweenr and u is negative jp is sufficiently
low, it is positive ifo is sufficiently high. If V. the relationship between and u is positive
for any o (see Appendix B for proof).

This is an interesting result from the policy imsptions point of view. In fact, the role
of the monitoring parameter is strengthened, sargepolicy intended to reduce the irregular

sector may also reduce the unemployment ragésifsufficiently high'°

3. EXTENSIONSTO INVESTMENT IN EDUCATION AND PRODUCTIVITY GROWTH

3.1 A steady-growth solution of the model

This paper assumes that human capital accumulasothe primary engine of
economic growth. In the growth literature, workehsiman capital usually refers tahé
average level of educational attainmegNelson and Phelps, 1966; Benhabib and Spiegel,
1994) or similarly to the average total years of schoolin@avvides and Stengos, 2039).
Specifically, education and schooling enable waker absorb knowledge and acquire
additional human capital once employed (Rosen, 1$i6key, 1991; Laing et al., 1995).
Therefore, it can be stated that the higher thelle¥ schooling or knowledgek) and the
larger the human capital accumulatidiy, ¢the higher is the rate of economic growth.

To simplify matters, and without loss of generalitye assumé =k, so that education
and human capital will be used interchangeablynTtet us specify a simple equation for the

rate of productivity growthy):

19 Bosch and Esteban-Pretel (2009) focus on theablie job destruction rate. According to their oféig
model, policies that reduce the cost of formality those that increase the cost of informality)duwe an
increase in the share of formal employment whig® aéducing unemployment because the reallocagomden
formal and informal jobs has non-neutral effectstlom unemployment rate, since informal jobs reaoretch
higher separation rates.

! Indeed, the latter is often used as a quantit@tioey in empirical estimations (Savvides and Stsng@009).
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y = y(h) witt y*(h) >0, y'(h)<0 [12]
with the further property thir > y(h) (Oh, in order to keep present values finite.

Since the education level and skill in the workensployed in the regular sector are
higher than those in the underground sector (Aldret. al., 2009; Cappariello and Zizza,
2009), growth is expected to be faster in the mgsector. This link is assumed in the form of
labour-augmenting technological progredsla Pissarides (2000¥, where, specifically,
workers’ human capital plays two roles, as suggebie Laing et al. (1995). In fact, since
human capital is firstly acquired through formaledtion, workers can be employed with an

initial productivity (y,) that depends on the level of schoolirg. (Secondly, workers’

productivity increases according to equation [12} us then state the following assumption.
Assumption 3 The total discounted value of productivity in tegular sector is given

by:

y, (h)= Ie o () e ot = Yoll) [13]
0 r-= V(h)

where:

Yo=Yo(h) witty,’(h) > 0, lim, ,y, =0, lim, _y, <o [14]

Productivity in the underground sector is given by:
y. =gy, (h) with 0< ¢ <1 [15]

According to this assumption, the underground sector partiallgfierfrom this
process because of spill-over effects in the diffusion of knowledgerelore, both sectors
can grow at the same rey(h), while the level of productivity in the regular sector remains
higher than that of productivity in the underground sector.

In order to endogenise the rate of productivity growth, let usidenshe optimal
choice of education for individuals, given that schooling irmesit is costly (cf. Laing et al.,
1995; Decreuse and Granier, 2007), and that only regular firmggigfiemploy educated
workers. Formally:

Assumption 4 Let the cost function of education be c(k), vc'(k)>0, c"(k)>0

and dc(0)/0k =0, because of either a direct pecuniary cost or the disufilisn scholastic

21n our terms, Pissarides’s (2000) simple spedificais: Y: (h,t) =y, &™)
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effort. Each job-seeker in the regular sector sslthee following program, before entering the

labour market:*®

ma.., U, -k}

2, 96) ()~
= et Zo S o, () )
sincerU, =z+g(8,)0w, -U,|=U, = ~ ;(gr)+ r f(gg(’g)r)w\/,(wr (k)), and wage depends

on both labour market tightness and productivity.
The job-seeker’s investment in education that méasthe value of his/her future

search k") can be obtained by the usual condition:

0(6,) pw(k*)_odk?)
r+g(@) ok ok

=0 [16]

This condition shows a positive relationship betwé, andk, besides the implication
thatk* > 0. In fact, a rise irg, increases the probability of finding a regular,jab. g(6, ),

and consequently both the regular matches and aegudges increase. Hence, in order to
search for a job (work) in the regular sector, memgkers choose to invest in education. In
turn, the higher the optimal investment in eduggtithe greater is human capital and the
greater is the productivity level of the economiiefiefore, regular wages are higher also for
the increase in the productivity level, while timerease in the size of the regular sector, i.e.

6., spurs economic growth by a higher investmentuncation.

It follows that, from a macroeconomic point of vietive investment in education is on
the one hand negatively linked to the size of tinelemground sector, and on the other,
positively linked to productivity growth of the emomy throughAssumption 3and the
equationh = k. The following Proposition can thus be stated.

Proposition 3.The solution of the steady-state model can bendgtkto include the
optimal investment in educatidk’), and the rate of productivity growth of the ecoydp,
thus finding a steady-growth solution.

These results, together witRroposition 2 of the previous section regarding the
relationship between the underground economy arempfoyment, help understand the

relationship between economic growth and unemploynfissue ifi) in the Introduction).

13 Workers invest in education when young, and hacimgpleted their schooling, they search for empleym
(Laing et al., 1995).
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Indeed, the relationship betweny(h) and u is positive if p is low, this relationship is
negativef pis high, under the condition tha<v..

Our analysis is thus able to reconcile the configctresults found in the literature on
growth and unemployment. This suggestion is alter@edo Aghion and Howitt's approach,
nevertheless it refers to the structure of the eson Since the conditiow<v; is the usual
condition throughout the world, the monitoring raecomes a very important parameter. Not
only does it affect the size of the undergroundt@edut it may positively affect both

unemployment and economic growth.

3.2 The case of multiple equilibria

The extended model may also be adapted in ordacdount for a relevant case: that
of regional dualism, i.e. the failure of the mormckward region to catch up with the more
developed region.

Let us assume thzyo(h) is a logistic function, i.e. it performs increagireturns to

human capital before the usual and eventual dengeasturns. This form may be due to
thresholds in human capital, i.e. once human dagitains a certain threshold levetiical
mas$ productivity may reach a higher steady-statellé&eariadis and Drazen, 1990). This
pattern has also received some empirical evideéBaevides and Stengos, 2009).

Under this assumption, the relationship betwT :and v, may change significantly.

Indeed, if the functions [13] and [15] are pluggetb [4], then multiple equilibria become
possible since th&—curve may display an increasing part in the midiies cutting the other
curve twice, as depicted in Fig. 4 (dotted lifre).

The two extreme equilibria may be labelled as “goartd “bad” because they define
two different conditions where the proportion ofetlunderground sector is small and,
respectively, large, with the consequent desirablel undesirable characterisations.
Specifically, in the “good” equilibrium one regioexhibits higher productivity, a more
efficient use of entrepreneurial ability, higheveéstment in education, greater employment of

* The models which describe general nonlinearitiethé relationship between growth and human cagitaiot
provide specific functional forms (Savvides andngtes, 2009). Azariadis and Drazen (1990) even stustgp
functional form, where thresholds are more than one

> As shown by Savvides and Stengos (2009) — addpiad Azariadis and Drazen (1990) — a step funciiona
form may generate the possibility of multiple eduib, with different balanced growth paths. Thiowth
process comes to an end whiabour productivity attains the highest possiblalwe and the system settles
down on the ultimate stage of growtt&zariadis and Drazen, 1990, p. 517).
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skilled workers, and, finally, a higher rate of romic growth with respect to the region in
the “bad” equilibrium.

This result is interesting because it can represenieconomy characterised by a
uniform institutional set-up, as captured by thmegarameters of the model, but with two
regions that differ in their histories, as captubgdthe initial economic structure. The region
that has inherited a greater proportion of the uydend sector may converge towards the
“bad” equilibrium. The region that has inheritedsimaller proportion of the underground
sector may converge towards the “good” equilibriudowever, the region in the “bad”
equilibrium does not catch up with the other regibecause it exhibits a lower steady-
growth. This case seems to be the best fit witHtdian North-South divide, which is special
but not unique in the world. This case is alsorgggng theoretically, because it shows the

crucial importance of the allocation of entrepraséip for economic development.

4. CONCLUSIONS

Several empirical studies clearly document thatuiheerground sector persists with a
different size in many and various countries arotimel world, thus raising the ‘shadow
puzzle’. Related studies also show that a lessr ghastern emerges in the relationship
between the size of the underground sector and piogment. Another unclear pattern has
been observed in the literature on economic groighthe pattern regarding the relationship
between growth and unemployment. However, microecon studies have found that
underground firms employ relatively backward tedbgy, less skilled and less educated
workers, as well as less able entrepreneurs, owerl quality inputs for growth. This
microeconomic evidence has suggested useful Imksild up a matching type of model that
is able to account for both the ‘shadow puzzled Hre two evidenced unclear patterns.

The assumption that entrepreneurial ability is gtogeneous input for production is
rather new in matching models. However, it canaase their explanatory power, because
heterogeneous entrepreneurs can well-match to weonrkeh different skills, thus forming
firms with rather different productivity. In thisay, less productive firms can persistently
survive by evading taxes, and can discourage huoapital accumulation and hence
productivity growth.

Monitoring firms’ regularity appears to be the kggrameter for determining whether
or not unemployment is complementary with undergcbemployment, and, consequently,
whether unemployment is positively or negativelyretated with economic growth. As

shown in Figures 1 and 2, low levels of monitoragpear to make unemployment positively
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correlated with economic growth, and high levels mionitoring appear to make
unemployment negatively correlated with economangh.

The paper has also been able to account for theadpase of regional dualism, as in
the Italian case, where the more backward Soutkrges from the North, although both
regions share the same institutional set-up. Tés® enay arise if non-linearities in the human
capital accumulation function produce multiple éigua in the size of the underground
sector.

Finally, a number of policy implications follow fno this analysis. Reducing the tax
burden becomes especially effective if monitorisgat a high level, because underground
firms are discouraged without raising unemployménthe long run, this may also enhance
growth. These same results follow if monitoringiteelf increased. In the case of regional
dualism, a one-shot change in the policy parameterng trigger an endogenous dynamic of
convergence between the two regions. More generafiyeffective policy should seek to
increase entrepreneurial ability, typically througlucation, so that overall economic
performance improves, both because of the sectoraposition effect, and because of the

positive level effect of each firm.

APPENDICES

Appendix A: Proof thaldT/av, <0

It will be firstly proved thalgT/ov, <0 (with O<v<(1-l) andv,=1-1-v5) whenu is

assumed as exogenous, as in subsection 2.2, and/hi®au is assumed as endogenous, as in

subsection 2.3.
Sufficient conditions fo 0T/dv, <0 are thaldN/dv, <0 andoD/dv, >0, whereN and

D are the numerator and the denominator @i [4], both divided by A+1)(B+1). To prove
this, let us observe, from the definitions AfandB in [4], that dA/ov, <0 and 0B/dv, >0,

because dA/09. >0, 46, /ov,<0, and 0B/ag, >0, 06,/av,>0. Therefore, N/dv, is

negative ifc, > (r + z) andc, > z, as it emerges from the derivativeNof

] (r+z+qA_z+csBj=aA ¢ (A+1)-(r+z+cA)| aB(c(B+1)-(z+cB) (A1]
ov, L A+l B+1 ) dv, (A+1) ov, (B+1)

while aD/dv, is always positive, as it emerges from the derreadf D:

0 [ Yo _ Y )zaB Y. _O0A [A.2].
ov,\ A+1 B+1) dv, (B+1) dv, (A+1)
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The restriction set of the parameters for b®#0 and 9T /dv, <0 thus becomes:
¢, > (r +z)>c, >z, andy; sufficiently greater tha.
Subsection 2.3 assumes thias endogenous through equation [12]. This equason

U-shaped within the relevant rangevafin fact, the derivative af(vs) can thus be calculated

through some manipulations (more mathematical ldetae available on request from the

authors):
g'6)_g(6.)
ou_ 0 0+4p [A.3]
ov dle)_egle), o@)_ 6906, '
d+p O+p o o

While the denominator of [A.3] is always positivedausey(4) is a concave function so that

9(8)/6 > g(8), the numerator is negative for relatively smejl and it is positive for
relatively greaws, because, agaig(8) is a concave function.

The fact thatu(vs) is U-shaped maintains thdN/dv, <0 and daD/dv, >0, so that
dT/av, <0. This can be proved by distinguishing the interradrange ofvs around the
minimum ofu(vs), from the extreme ranges, whetds either close to zero or close to-kiL
In the former caseadu(v,)/dv, is relatively small, so that it can satisfy thesmnditions:

—i<M<i, which guarantee thédd, /ov, <0 and 06,/dv, >0, and thus also that

6  ov, 6

S S

0A/dv, <0 and 9B/dv, >0, because o=t -v.)/utw)) _ (£M+(1—I—VS)+1J and
ov ulu ov,

S

(véu(v )) (1 A al;(v )J This case also holds for the extreme rangesg, af g(4) is not
v, u

S

very concave.

1 S ou(v,)

In the lower range of;, where it is close to zero, the conditi- emerges,

r VS
if g(4) is very concave, as in the Cobb-Douglas spetifinaf the matching equation. In this

case, the derivativead, /av, and dA/dv, take the “perverse” positive sign, whaé,/ov, and
0B/dv, maintain the positive sign, although increasingize both because the numerator of

@ rises, and because its denominator diminishes. liffie of [A.1] makes it evident that

ON/dv, <0:
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lim, ,N _O0A(C —t-Z _‘LB(C - z), which would be equal t-« if the matching function
v ov,| (A+17 ) oav,

were Cobb-Douglas. Similar reasoning can be appii€ which would be equal teo at the

limit of the Cobb-Douglas case.

ouw,) , 1
ov,

S S

In the upper range of, where it is close to (), , the conditior emerges,

if g(&) is very concave. In this case, the derivatiod,/dv, and dB/dv, take the “perverse”
negative sign, while the derivativiag, /dv, and dA/dv, maintain the negative sign, although

becoming even more negative, both because the atonaf & diminishes, and because its

denominator rises. The limit of [A.1] makes it esnd that, agair oN/ov, <O:

lim, ., N :%(cr ~t-2z)- 0B ¢, -2

> . (B 1) , which would be equal t- if the matching function
V, v, (B+1

were Cobb-Douglas. Similar reasoning can be apjplgadn toD, which would be equal teo
at the limit of the Cobb-Douglas case.

Appendix B: Proof of Proposition 2

Equation [12] is perfectly symmetric with respéztvs if p=0, so thatu(vs) is at the
minimum whenvey,. If p>0, the minimum lies in the region whewxy,. In fact, the

5+p_gl6,)
s g(g)

condition for the minimunau(v,)/dv, =0 that can be derived from [A.1]

This condition states that the greatep,ishe smaller is the level @f for whichu(vs) is at the
minimum. Therefore, for any giver such thadu(v,)/av, <0 at some level gb, there exists a
sufficiently greater level op such thatau(v,)/dv, >0. Note that this result holds even if two
different concave matching functions governed twe sectors, although the downward
bound of the range of wheredu(v,)/av, >0 for anyp would be different fronvs=v;.

Let us give a numerical example by using the Cbbhglas matching function, the
parameters as given in the literature, such asfp@nent of the function is equal to 0.5,
0=0.15, and let us assume th=.5, and that=0.15, which is the 30% of the vacancies open

in the whole economy. It thus emerges tau(v,)/dv, <0 if p=0.04, andau(v,)/dv,>0 if

p=0.08. Both values fop are close to those given by the literature (Beew Garibaldi,
2006; Busato and Chiarini, 2004).

22



REFERENCES

Agenor, Pierre-Richard, and Joshua Aizenman, (1999acroeconomic adjustment with
segmented labor marketgddurnal of Development Economié&s8(2), 277-296, April.

Aghion, Philippe, and Peter Howitt, (1998Eridogenous Growth TheqgtyCambridge, MA,
MIT Press.

Aghion, Philippe, and Peter Howitt, (1994), “Growdnd Unemployment,’Review of
Economic Studie$1(3), 477-94, July.

Albrecht, James, Lucas Navarro, and Susan Vron2&09), “The Effects of Labour Market
Policies in an Economy with an Informal Sectdé¢onomic Journal119(539), July,
1105-1129.

Azariadis, Costas, and Allan Drazen, (1990), “Thodd Externalities in Economic
Development, The Quarterly Journal of Economick05(2), 501-26, May.

Baumol, William J, (1990), “Entrepreneurship: Protive, Unproductive, and Destructive,”
Journal of Political Economy98(5), 893-921, October.

Banerjee, Abhijit V., and Esther Duflo, (2005), ‘@rth Theory through the Lens of
Development Economics.” Iidandbook of Economic GrowtlLA, edited by Steve
Durlauf and Philippe Aghion, 473-552. Holland: Eige Science.

Bean, Charles, and Christopher A. Pissarides, (19%Bemployment, consumption and
growth,” European Economic Revie®7(4), 837-854, May.

Benhabib, Jess, and Mark M. Spiegel, (1994), “Toke of human capital in economic
development evidence from aggregate cross-counata,’dJournal of Monetary
Economics34(2), 143-173, October.

Boeri, Tito, and Pietro Garibaldi, (2002), “Shadoctivity and Unemployment in a
Depressed Labour MarkelCEPR Discussion Paper3433, June.

Boeri, Tito, and Pietro Garibaldi, (2006), “Shad&@m®rting,” Fondazione Collegio Carlo
Alberto Working Paper Serig0, May.

Bosch, Mariano, and Julen Esteban-Pretel, (20098 yclical Informality and
Unemployment,'CIRJE F-Serie®iscussion Paper$13, February.

Bouev, Maxim (2002), “Official Regulations and t&#adow Economy: A Labour Market
Approach,"William Davidson Institute Working Papers Serig24, December.

Bouev, Maxim (2005), “State Regulations, Job Seamod Wage Bargaining,William
Davidson Institute Working Papers Seri@é4, April.

23



Busato, Francesco and Bruno Chiarini (2004). “Maded underground activities in a two-
sector dynamic equilibrium modeEconomic Theory23(4), 831-861.

Caballero, Ricardo J., (1993), “Comment on the Bead Pissarides paperEuropean
Economic Revieys7, 855-859;

Cappariello, Rita, and Roberta Zizza, (2009), “Ouiog the books and working off the
books,”Temi di discussione (Economic working paperep, Bank of Italy, Gennaio.

Carillo, Maria Rosaria, and Maurizio Pugno, (2004)he underground economy and
underdevelopmentEconomic System&8(3), September, 257-279.

Cimoli, Mario, Annalisa Primi, and Maurizio Pugn¢2006), “A Low-Growth Model:
Informality as a Structural ConstrainCepal Reviewd8, 85-102, April.

de Soto, Hernando, (1989)THe Other Path: The Invisible Revolution in therd@hivorlds,
New York: Harper and Row Publishers.

Decreuse, Bruno, and Pierre Granier, (2007), “MatgHrictions and the divide of schooling
investment between general and specific skidPRA Paper6948.

Farrell, Diana, (2004), “The Hidden Dangers of limfermal Economy, McKinsey Quarterly
3, 26-37.

Fonseca, Raquel, Lopez-Garcia Paloma, and ChristopA. Pissarides, (2001),
“Entrepreneurship, start-up costs and employméfiifybpean Economic Review5(4-
6), May, 692-705.

Friedman, Eric, Simon Johnson, Daniel Kaufmann, &ablo Zoido-Lobaton, (2000),
“Dodging the grabbing hand: the determinants offficial activity in 69 countries,”
Journal of Public Economi¢§6(3), June, 459-493.

Friedman, Milton, (1968), “The Role of Monetary Rgl” American Economic Review
58(1), 1-17, March;

Fugazza, Marco, and Jean-Francois Jacques, (2Q@bpr market institutions, taxation and
the underground economyjburnal of Public Economi¢88(1-2), January, 395-418.

Gérxhani, Klarita, (2004), “The Informal SectorDeveloped and Less Developed Countries:
A Literature Survey,Public Choice 120(3-4), 09, 267-300.

Hoon, Hian Teck, and Edmund Phelps, (1997), “Growtkalth and the natural rate: Is
Europe's jobs crisis a growth crisis Eliropean Economic RevieWl(3-5), 549-557.

Johnson, Simon, Daniel Kaufmann, John McMillan, adlristopher Woodruff, (2000),
“Why do firms hide ? Bribes and unofficial activigfter communism,”Journal of
Public Economics76(3), June, 495-520.

24



Kolm, Ann-Sofie, and Birthe Larsen, (2003), “Wagesiemployment, and the Underground
Economy,”CESifo Working Paperl086, November.

Kolm, Ann-Sofie, and Birthe Larsen, (2010), “TheaBk Economy and EducatiorRResearch
Papers in Economi¢2010:3.

Laing, Derek, Theodore Palivos, and Ping Wang, )99 earning, Matching and Growth,”
Review of Economic Studjeé2(1), 115-29, January.

La Porta, Rafael, and Andrei Shleifer, (2008), “THeofficial Economy and Economic
Development,NBER Working Papein4520, December.

Levenson, Alec R., and William F. Maloney, (1998)he informal sector, firm dynamics,
and institutional participation,”Policy Research Working Paper Serie$988,
September.

Lisi, Gaetano and Maurizio Pugno, (2010), “Entreetaship and the Hidden Economy: An
Extended Matching ModelJhternational Economic Journa24(4), 585-602.

Lucas, Robert E., (1978), “On the Size DistributiohBusiness Firms,Bell Journal of
Economics9(2), 508523.

Lucas, Robert E., (1988), “On the Mechanics of Ecoic Development,”Journal of
Monetary Economic22(1), 3-42, July.

Mortensen, Dale T., and Christopher A. Pissari{l394), “Job Creation and Job Destruction
in the Theory of UnemploymentReview of Economic Studjesl(3), July, 397-415.
Mortensen, Dale T., and Christopher A. Pissarid@998), “Technological Progress, Job

Creation and Job DestructiorReview of Economic Dynamjcdg4), 733-753, October.

Mortensen, Dale T., (2005), “Alfred Marshall LeauiGrowth, Unemployment, and Labor
Market Policy,” Journal of the European Economic Associati@{2-3), 236-258,
04/05.

Muscatelli, Anton V., and Patrizio Tirelli, (2001yUnemployment and Growth: Some
Empirical Evidence from Structural Time Series MisdeApplied Economics33(8),
1083-88, June.

Nelson, Richard R., and Edmond S. Phelps, (1986yeStment in humans, technological
diffusion, and economic growthAmerican Economic Review: Papers and Proceedings
51 (2), 69-75.

Petrongolo, Barbara, and Christopher A. Pissarif&)1), “Looking into the Black Box: A
Survey of the Matching FunctionJournal of Economic Literature39(2), 390-431.

Phelps, Edmund S., (1968), “Money-Wage Dynamics &athor-Market Equilibrium,”
Journal of Political Economy76, 678-711.

25



Pissarides, Christopher A., (200@quilibrium Unemployment Theqrfhe MIT Press (first
edition 1990).

Rauch, James E., (1991), “Modelling the informaitseformally,” Journal of Development
Economics35(1), January, 33-47.

Rebelo, Sergio, (1991), “Long-Run Policy AnalysisdalLong-Run Growth,”Journal of
Political Economy99(3), 500-521, June.

Romer, Paul M., (1986), “Increasing Returns andd-aim Growth,” Journal of Political
Economy94(5), 1002-1037, October.

Romer, Paul M., (1988), “Capital Accumulation iretfiheory of Long-Run GrowthRCER
Working Papers123.

Romer, Paul M., (1989), “Human Capital And Growifheory and Evidence,NBER
Working Papers3173.

Rosen, Sherwin, (1976), “A Theory of Life Earnirigdpurnal of Political Economy84(4),
S45-S67, (supplement), August.

Sarte, Pierre-Daniel G., (2000), “Informality an@ri®-seeking Bureaucracies in a Model of
Long-run Growth,”Journal of Monetary Economicd6(1), August, 173-197.

Savvides, Andreas, and Thanasis Stengos, (20B@)ynan Capital and Economic Growth
Stanford University Press, Calif. : Stanford Ecoimsand Finance.

Solow, Robert M., (1956), “A Contribution to the ddry of Economic Growth, The
Quarterly Journal of Economic30 (1), 65-94, February.

Solow, Robert M., (1988),Growth Theory: An Expositigh (Radcliffe Lectures), Oxford:
Oxford University Press.

Stokey, Nancy L., (1991), “Human Capital, Produatafity, and Growth,"The Quarterly
Journal of Economigsl06(2), 587-616, May.

Van Praag, Miriam C., and Salomon J. Cramer (2001)e Roots of Entrepreneurship and
Labour Demand,Economica68(269), 45-62.

26



FIGURESAND TABLES
FIGURE 1. Unemployment vs Growth in EU countries (seel@&for the data details)

FIGURE 2. Unemployment vs Growth in Latin American coiggr(see Table 3 for the data details)




TABLE 1. Data for Figure 1

EU non-transition unemployment rate GDP growth rate Rule of Law

countries (%) * (%) * (Percer:iil)e Rank
Austria 3.73 2.29 99.0
Belgium 6.40 2.04 89.0
Cyprus 3.63 3.77 84.2
Denmark 3.88 1.56 99.5
Finland 6.76 3.21 97.6
France 7.44 1.90 90.0
Germany 8.51 1.47 93.3
Greece 7.98 3.98 73.2
Ireland 3.74 5.02 94.3
Italy 6.43 1.16 62.2
Luxembourg 3.06 4.27 96.2
Malta 4.69 1.80 914
Netherlands 2.88 2.16 94.7
Portugal 5.48 5.84 83.7
Spain 8.43 2.80 85.2
Sweden 4.92 4.71 98.1
United Kingdom 3.71 1.70 92.3

unemployment rate GDP growth rate <o °f Law

EU transition countries (%) * (%) * (Percet:il)e Rank

Bulgaria 10.94 5.59 51.2
Czech Republic 6.18 4.20 77.0
Estonia 7.86 7.02 84.7
Hungary 5.73 3.52 76.1
Latvia 8.91 7.32 71.3
Lithuania 9.47 6.97 67.5
Poland 13.11 1.32 65.1
Romania 5.46 5.70 53.6
Slovakia 13.52 4.32 67.0
Slovenia 4.92 3.31 82.3

* (2000 - 2008) average.
Source: (http:/ /epp.eurostat.ec.europa.eu/portal/page/portal /statistics / themes)
** Source: (http:/ /info.worldbank.org/governance/wgi/mc_countries.asp)

*** Percentile rank, from 0 (worst) to 100 (best). Precisely, according to the World Bank, the ‘Rule
of Law’ index measures the quality of contract enforcement, the police, and the courts, as well as the
likelihood of crime and violence.
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TABLE 2. Data for Figure 2

Latin America Unemployment GDP growth Rule of Law
countries rate * rate ** index ***
Argentina 12.95 2.51 32.10

Bolivia 52 1.47 12.00
Brazil 8.99 2.08 46.40

Chile 7.46 3.51 88.00
Colombia 13.92 2.73 37.80
Costa Rica 6.01 2.74 62.70
Dominican Republic 14.7 3.85 33.00
Ecuador 8.99 3.05 9.10

El Salvador 6.75 1.06 30.60
Guatemala 2.25 1.50 12.90
Honduras 4.48 2.85 20.60
Mexico 3.2 1.72 29.70
Nicaragua 7.64 0.91 21.10
Panama 11.85 3.45 49.80
Paraguay 7.52 -0.20 15.30
Peru 7.94 3.40 25.80
Uruguay 12.77 1.58 65.60
Venezuela, R. B. de 12.28 2.63 2.90

* (%) of labour force (2000-2008) average. Source: http:/ / data.worldbank.org/indicator/

** (2000 - 2007) average.

Source: Alan Heston, Robert Summers and Bettina Aten, Penn World Table Version 6.3,
Center for International Comparisons of Production, Income and Prices at the University of
Pennsylvania, August 2009.

http:/ /pwt.econ.upenn.edu/php_site/pwt_index.php

*** Source: (http:/ /info.worldbank.org/governance/wgi/ mc_countries.asp).
Percentile rank, from 0 (worst) to 100 (best).
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FIGURE 3. Entrepreneurs’ indifference condition

Xmin

FIGURE 4. Interior equilibrium and multiple equilibria
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