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Preface

Itis well known that cross-country fierences in income per worker are very large. For
example, the average per-capita income of the richest terepieof countries of the
Penn World Tables in 1996 is about thirty times that of therpstten percent. Devel-
opment accounting uses cross-country data on output aotsitgpmeasure the relative
contribution of diferences in factor quantities, andfdrences in Total Factor Produc-
tivity (TFP) or the dficiency with which those factors are used, in explaining ¢hes
vast diferences in income per worker. The consensus view in devaopatcount-
ing is that TFP is the most important factor in accountingdiferences in income
per worker across countries (See, for example, Klenow andigaek-Clare (1997),
Prescott (1998), Hall and Jones (1999), Ferreira, IssiddarAbreu Pessa (2000), and
Caselli (2004).)

This suggests that in order to explain cross-countffetknces in income per
worker we need to understand why TFHfelis across countries. An emergent litera-
ture addresses this issue and shows that cross-couffieyetices in the institutional
environment, in policies, or in human capital can causeelaiferences in TFP. In
particular, Acemoglu and Zilibotti (2001) emphasize thke mf skill-mismatch. They
argue that even if all countries have equal access to newmaémgies, the existence
of technology-skill mismatch can lead to sizeabl&atences in TFP and output per

worker; Parente and Prescott (2000) and Herrendorf anceifaix2004) build the-

viii



ories in which the protection of monopoly rights impedes daeption of superior
technologies; Rogerson and Restuccia (2004) argue thateafices in the allocation
of resources across heterogeneous plants may be a sighiawaor in accounting

for cross-country dierences in output per capita; Erosa and Hidalgo (2005) pepo
theory in which capital market imperfections are at theiaraf cross-country TFP dif-
ferences; and Kocherlakota (2001) shows that limited eefoent and high inequality
are crucial to understand the existence of institutionditeato the indficient use of

technologies.

The first chapter of this thesis makes a contribution to itesdture by examining
the role that labor market features and institutions hawexpiaining barriers to tech-
nology adoption, which have a direct impact on TFP. | buildaei that includes labor
market frictions, capital market imperfections and hegereeity in workers’ skills. |
find that the unemployment rate together with the welfaredeghat workers experi-
ment after displacement are key factors in explaining thetemxce of barriers to tech-
nology adoption. Moreover, none of these factors aloneftscgent to build these bar-
riers. The theory also suggests that welfare policies hieeunemployment insurance
system may enhance these kinds of barriers while polidiesdiseverance payment
system financed by an income tax seem to be mffeetd/e in eliminating them.

Two important characteristics shared by low income coastrivhich are likely
to play an important role in explaining the observed inteamal income diferences,
are that they have larger informal sectors and higher velgtiice of investment than
rich countries (see, Loayza (1996), Schneider and Ens@0j2&asterly (1993) and
Jones (1994)). Djankov, La-Porta, Lopez-De-Silanes ardif8hHs (2002) find that
countries with heavier regulation of entry, which increéise start up cost of new
business, have higher corruption and largertticial economies, while Restuccia and

Urrutia (2001) show that the relative price of investmentagatively correlated with



PPP investment rates. According to Hsieh and Klenow (2008),PPP investment
rates in poor countries are not due to low savings rates aigtotax or tarif rates on
investment but to lowf@ciency in producing investment goods.

Based on the previous two observations | study in the secaayes this thesis
the extent to which one can account for international difparon income and on the
size of the informal sector with fierences in policies that either increase the entry cost
in the formal sector or distort thefiency of the investment sector and, as a conse-
guence, distort the accumulation of capital. To this endtrbduces an informal sector
into an otherwise standard neoclassical growth model withapolistic competition
in the formal sector.

The main finding of this chapter is that the model is able tcegate income dier-
ences consistent with the observed international patterrtifferences in the produc-
tivity of the investment sector that produce reasonalffeinces in the relative price
of investment. To generate a relative price of investmerat fafctor of 4 with respect
to the benchmark economy the model only requires a redugtitme productivity of
the investment sector of a factor of 3.11, which is smallantthe distortions required
by most models in the literature. | also perform a “De Sotoegxpent” to analyze
how much of the dterences in the size of the informal sector and in per capitanne
can be accounted by policies that increases the entry cdbeiformal sector. The
gquantitative exercises suggest that higher entry costassm@ciated with both a higher
size of the informal sector and a lower per capita incomelleVke results supports
De Soto’s (1989) argument that the size of the informal sastmainly determined
by entry barriers, and they are consistent with Djankov & é€002) findings that
countries with heavier regulation of entry have higher gption and larger urféicial
economies. The magnitude of thi§ext on income, however, is modest.

Although large entry costs alone are unable to explain albttserved international
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income diferences across countries, when these costs are combirnedistiirtions to
the dficiency of the investment sector, they have the potentiatptagn an even larger
part of the observed international incomé&eliences. This is a relevant result because
these two distortions are likely to coexist in poor courstrie

The third essay in this thesis, which is a joint work with AdarKolev, analyzes the
effects that monetary policy might have on informal sectowvégtiWe consider this as
an interesting research question since in the past seeaed ynany studies have found
that informal economic activity is a fact of life in marketa@mmies. Some claim
that its share in measured GDP has been increasing in foagh€®0 years to make
the informal economic sector a significant phenomenon inyncanintries. Informal
activity, by definition, is not ficially documented. There is ndfcial statistics about
its parameters and dynamics and of course there is no infairman the impact of
different public policies on it. Clearly, it is very important thplicy makers have a
better understanding of both the causes of informal sectority and its reaction to
economic policy measures. While there exist studies on fieete of fiscal policy,
social welfare, and institutions’ quality on the informalcsor we lack understanding
of how, if at all, informal sector activity isfeected by monetary policy.

This chapter makes a step towards estimating the potefiegke of monetary pol-
icy on informal sector activity and understanding the mactra behind thesefkects.
We estimate a time series index of the informal sector in UKfard that informal sec-
tor activity reacts very dierently to monetary policy than that in the formal sector. In
order to get some insight of this somewhat surprising reselbegin by examining the
differences between the two sectors. In our opinion, two impbdi&erences have the
potential to explain this result. First, informal sectotiety typically does not have
access to external financing and therefore is not direfidceby liquidity gfects. Sec-

ond, informal sector activity makes its transactions myaimcash, so that inflation acts
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as a tax on these transactions. Based on these two obsesyat®build a two-sector
monetary business cycle model that captures quite well wigahave found in our
estimation. In future work we plan to repeat the estimatmmvarious countries with
significant informal sector, such as Spain, Italy, and Gegand to calibrate the model
to these economies incorporating aggregate uncertairttis Will allow us to study
the business cycle properties and bring us better undeistanf how the mechanism

works.



Chapter |

Labor Market Frictions, Social
Policies, and Barriers to Technology
Adoption

1 Introduction

Barriers to technological changes have recently been shoviae &a key element in
explaining diferences in output per worker across countries (see Panedit@rascott
(1999, 2000)). These barriers can have a first oréieiceon total factor productiv-
ity (TFP), which is the most important factor in accountimg @ifferences in output
per worker across countries (See, for example, Hall andsJ@rg99), Caselli (2004),
Ferreira et al. (2000) and Prescott (1998)).

In this chapter | examine the role that labor market feataresinstitutions have

in explaining barriers to technology adoption. Technatagichanges imply many

Iparente and Prescott (2000) argue tBatfferences in international incomes are the consequences
of differences in the knowledge individual societies apply to thdyrtion of goods and services. ...,
these dfferences are the primary result of country-specific polidke result in constraints on work
practices and on the application of better production mdthat the firm level. Many of these con-
straints, or barriers, are put in place to protect the intst® of groups vested in current production
processes. Such barriers at the individual production leiel imply diferences in output per unit of
the composite input at the aggregate level, that igedénces in total factor productivity (TFP). Most of
the djferences in international incomes, thus, are the result gédinces in TFP(p.2).
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different changes for workers. Among the more important ongseipossibility of
switching from operating a low productive technology to igteg a more productive
one, and this switch may imply higher future wages. If, hosvethe new technology
is labor substituting or skill biased or the firm faces anasét demand, the change
may imply the displacement of part of the taln this case workers face the risk
of becoming unemployed or of losing the skills accumulatéti ¥he old technology,
since skills may not be transferable across technologi@®eitechnological change
is implemented. The possibility of being displaced or of loosing skill arsasiated
with substantial earning losses, and these losses migle maikers reluctant to adopt
new technologies, specially when the likelihood of findingesv job is low.

Jacobson, LaLonde and Sullivan (1993) and Topel (1991 )eptesubstantial ev-
idence that job losses are associated with loss of skillslang@ earning losses. In
particular, Jacobson et al. (1993) find that the earningsspfiaced workers remain
25% lower than those of similar non-displaced workers ewanyfears after displace-
ment. Figure 1.1, taken from Jacobson et al’s (1993), shinesdisparate expected
earning-patterns of long-tenure workers who were displatéhe first quarter of 1982
compared to workers who remained employed throughout thede

To study the role that labor market features and institgtibave in explaining
barriers to technology adoption I introduce technical ¢gfgainto an otherwise standard
Mortensen and Pissarides model of unemployment. In my fnaoriethere is matching
between workers and firms. When a worker is matched with a fiey bargain the
wage at any moment in time. Firms receive stochastic oppibies of adopting a
more productive technology. Workers are risk averse argl thae risk of loosing their

jobs or skills when a technological change is implementedcaBse capital markets

2By skill  mean the experience that a work has with the teabgplnd the industry specific knowl-
edge that can imply an increase in wages while the workettéslad to the firm and which are lost
when the worker becomes unemployed.
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Figure 1.1: Quarterly earnings of high-attachment worlsegarated in the first quarter
of 1982 and workers staying through 1987. The sample is frermBylvania. Source:
Jacobson et al. (1993).
are imperfect, workers can not be insured against labomiecosk. Workers might
become reluctant to a technological change if the risk obberg unemployed or
losing skills after the adoption of the new technology ighi§ince my focus is on the
circumstances that may lead workers to reject a technabglange, | assume that
workers have the power to block the technological changedgfriot optimal for them.
Therefore, the new technology is adopted if and only if tha fand workers agree on
it. When the firm is willing to adopt the new technology but wenk reject it, | say
thatthere is a barrier to a technological chang&irms, however, cannot commit to
compensate displaced workers after the technologicalgehan

| study how unemploymenttiects barriers to technological change and examine
the consequences offtrent welfare policies for technology adoption. Welfaré-po
cies may seem to be a natural way to provide commitment thromgjitutions to dis-
tribute the aggregate gains of a technological improvem&herefore, well defined

institutions may help to reduce workers’ resistance todlaimnges.
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[ find that both unemployment and the loss of skills cause@blgriological changes
are key factors behind barriers to technological changbis Work also suggests that
welfare policies have to be careful designed since no weligthed policies can have
negative &ects on technological progress.

A well intentioned policy maker can think that an unemploymiasurance (Ul)
system may reduce barriers to technological change bedacese reduce the unem-
ployment risk. My work suggests that Ul may, instead, enbathe barriers. If |
consider two economies with the same unemployment rate ibotdiferent level of
unemployment benefits, the economy with the higher unempoy benefit is cer-
tain to exhibit weaker barriers because the unemploymskigsismaller. In a general
equilibrium context an increase in the unemployment berteds to a higher unem-
ployment rate, and a higher unemployment rate leads to higgrgiers® In contrast
| find that a severance payment system financed by an inconse&rs to be more
effective in eliminating these barriers. Severance paymeata more &ective device
for dealing with the earnings variability induced by disfganent and do not discour-
age employment, since they provide a cash transfer to thieawtirat is not contingent
on the worker choosing not to work.

As an example of how unemployment risk can lead to barrietsdionology adop-
tion, consider the textile industry in England at the enchef19th century. This exam-
ple shows that when new technologies threat the job stabilia group of workers in
an industry, no matter how productive it may be, the intraduncof that technology is
certain to face strong rejection by théexted group. The case is provided by Randall

(2002)# The example he provides is the attempts of Shearers to bhedktroduction

3Ljungqvist and Sargent (1998), among others, argue thagrifisiant component of the rise in
European unemployment can be accounted for by the factigeladed workers in Europe can receive
unemployment benefits for very long periods.

4An extensive list of evidence concerning barriers to tetbmp adoption or implementation of
more dficient work practices can be found in Parente and Prescd®(1800). Schmitz (2002) also
provides an industrial case that illustrates how changewitk practices lead the U.S. and Canadian
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of the gig machine at the end of the eighteen century in Emg¥izollen industry. The
Shearers were responsible for the finishing of fine cloth aatevihe best paid. In
1793 the gig mill was found to be suitable for the finishing okficloth, although it
was not a new invention at that time. With the use of this maelone man and two
boys could accomplish in 12 hours what it took one man to dodrdhn 88 to 100
hours. With this huge labor savings, the use of this machiag eertain to finish the
job of the majority of shearers. Not surprisingly, the Skesaresisted the gig mill’s
application to the finishing of cloth and were successfuletaging its adaptation to
finishing cloth for nearly twenty-five years in some regions.

Other historical episodes illustrate that workers are \wenycerned about the dis-
tribution of the potential gains due to a technological debetween the winners and
losers of the process (see Parente and Prescott (2000)).

Many recent papers can be related to my work. Aghion and H¢®894) discuss
the relation between growth and long-run unemployment,revigeowth is modelled
as technological progress, and shows that unemploymeiffifeisted by growth both
directly through the job-destruction rate, and indire¢hyough its &ects on the in-
centive for firms to create job openings and hence on the jabrig rate. In contrast,
my work suggests that unemployment may have a negafieeteon the growth rate
by making more diicult the adoption of new technologies.

My findings complement those in a recent paper by Rogersonamdder (2002).

iron-ore industries to double their labor productivity etmiddle 1980s. Some other examples about
several innovations in English woollen industry, the adopbf which were delayed for many years on
account of workers blocking then, can be found in Randald2}0

SParente and Prescott (2000) document an increase in labdugdivity by a factor of 3 in the U.S.
subsurface coal mining industry in the 1949-1969 periode fidason for this increase in productivity
was basically the introduction of the boring machine to aepl pick-and-shovel technology. These
machines were widely used to construct tunnels for manysyeefore their use in coal mining. They
had not been used in mining because union contracts haciéyptirohibited their use. They were
introduced when their use benefited the miners, which wasiwheap substitutes for coal, namely, oil
and natural gas, became available in the late 1940s. Whemaoais allowed the introduction of boring
machines, they did an explicit agreement and, as part ofgheeanent, the coal miners subsequently
receive $20 for every ton of coal mined to finance union penbanefits.
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They find that the welfare costs of the earning losses adedardth the displacement
of high tenure workers are substantial. Their analysis ssigthat long duration un-
employment insurance is likely to exacerbate this cost,thatigovernment-financed
severance payments are a moffeeive way of dealing with the displacement risk. In
this chapter | obtain similar conclusions in the contexeahinological changes, which
makes the point more relevant.

My work is also related to the works of Acemoglu and ShimeiO@0 and Mari-
mon and Zilibotti (1999). These authors emphasize a pesifect of unemployment
insurance on thefgcient use of technologies. They show that unemployment-insu
ance #ects workers’ productivity by allowing better matches betw workers and
firms. While their analysis abstract from thffeet that this system may have on the
adoption of more productive technologies, and hence onfliéets on technological
progress, my analysis suggests that Ul may have negdiiwet® on the adoption of
better technologies.

The rest of the chapter proceeds as follows: the next septiesents the model.
In section 3 and 4 | present some numerical examples thatréiie the results, and

section 5 presents the conclusions.

2 The Model

In this section | present the structure of the model. The esgnconsists of workers
and firms, and in the matching process between them theret®ry, which causes
unemployment. Workers can be either employed or unemp|ayedl firms can have
their jobs either filled or vacant. Time is continuous ande¢benomy is populated by

a measure one of individuals who discount the future at achtene preferencepg
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and have utility function given by

wi o -1

Uw) = 1o’

wherew, is income at timd. All unemployed workers are unskilled, but once they
initiate a match they can become skilled with the technoiogyse at a ratey, per unit

of time. When the match is broken they lose their skill. Thentéskill ” in this context
means éxperiencéor the firm specific knowledge workers can learn to increas# t
productivity but that cannot be transferred to other firms.

A new firm incurs initial investment cost and receives a technology with pro-
ductivity normalized to one. Firms can freely enter the negriand they can have at
most one worker. For the latter reason | am going to referHerrest of the chapter
to a firm as a job. The output produced by an unskilled worker wshile a skilled
worker produce®y, with 0 < 6 < 6, = 1. Firms matched with a worker receive
a stochastic opportunity of adopting a new technology wittdpctivity = > 1, and
when a firm adopts the new technology it uses the new techyalai it closes down.
An individual who meets a firm that uses the new technologplis t operate the new
technology with probabilityl,. This assumption implies that when a firm receives an
opportunity of adopting the new technology, with probapili — 1, the worker is not
able to operate it and has to be dismissed. | can then studgimme way workers’
decisions when they face a technological change that magdham to lose their jobs.

To study the &ect that the possibility of losing skill might have on workedeci-
sions, | assume that with probabiliy a skilled worker will remain skilled with the
new technology and that before the change takes place hendb&sow whether he
is going to remain skilled or not. In contrast, unskilled wens can only remain in the
job as unskilled.

In addition | assume that workers have the power to blocklan@logical change if
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they think it is not optimal for them. This assumption allaws to focus on the reasons
workers have to block a technological change rather thah@mechanism they might
use to do it. In the real world, however, successful detgrahnew technologies or
better work practices seems to depend on how much politmakepdo labor unions
have in the economy and on the willingness of the governneptatect workers’
employment. The implication of this assumption is that &texdtogical change would
be adopted only if the firm and workers agree on doing it.

Finally, there is no physical depreciation of the technglbgt each job faces the
risk of being destroyed with probabiligy per unit of time. This implies that in the
steady state equilibrium of the model both technologieshirigexist.

The remaining of this section is devoted to the descriptiballbthe necessary
elements that are needed to define the steady state equniilofithe economy. The
first step is to describe the matching process between wodket firms. The second
step will be to derive the value functions for firms and woskierall possible states of

the economy.

2.1 Matching Process

The matching process between workers and firms is randonmaéed place in a pool
comprising all workers and vacancies. All vacancies aleand the search process
only takes time. When a worker is unemployed he can work at hwithea technology
mp < mearningw, = mo.%

Let A, andAs be the rates per unit of time at which a worker meets a vacamty a
a firm meets a worker.The number of matches in any moment is given by a constant

return to scale matching function(v, u), wherev is the total measure of vacancies and

8In section (3.1) | consider the inclusion of an unemploymestirance system and analyze the
effect that it may have on the existence of barriers to techyaoption.
“Implicitly, | assume thafl,, ¢, ¢ andry, are Poisson processes.
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u is the total measure of unemployed workers. | also assuntaritvau) is strictly
increasing in both arguments and satisfy some standardarégwconditions® Let

6 = v/u denotes labor market tightness. Hence,

1,(6) = M8, 1) and 1;(0) = m(Z’ b

2.2 Value functions

Let v denote the rate per unit of time at which a firms receives thgodpnity of
adopting the new technology. Because there is no depretiatithe technology and
firms’ and workers’ transition among thefidirent states follow Poisson processes, the
value of a vacancy, the value of a filled job, the value of b&nmgployed and the value
of being unemployed do not depend on how long a worker or a fasldeen in its
current state or on its prior history. This observation ieplthat on the steady state
those values are constant over time.

For the rest of the chapter the termow productive firm will refer to a firm that
has not adopted the technologyand the term High productive firmito one that has
adopted it.

To define an equilibrium | need to specify the market valueafdirm and for a
worker in all the possible states. A firm can be low or high picitke, and it can
have its job ether filled or vacant. A job can be filled by a skilbr by an unskilled
worker. A firm, them, can have sixftierent market values. Individuals, instead, can

be unemployed or employed ether in a low or in a high prodadtivn as an unskilled

8These conditions are:

m(0, u)
lim my(v, u)

V— o0

lim m,(v, u)
v—0

m(v,0) = 0,
l!im my(v, u) = 0,

lim my(v, u) = oo.
u—0
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or as a skilled worker. This implies the existence of fivéadtent market values for an
individual.

In section (2.2.1) | derive the market values for high prdaskecfirms and for the
workers matched with those firms, and the rest of the valuetimms are derived in

section (2.2.2).

2.2.1 Value functions for high productive firms

Let J,; be the value of a match with a typevorker,i € {I, h}, wherei = | means
unskilled and = h means skilled, ant, be the value of a vacancy for a high produc-
tive firm. The wage paid by a high productive firm to an unskileorker is denoted
by w,, and to a skilled worker bw, . | derive the present discounted value of these
value functions using arbitrage as is standard in seardryhalthough | can also use
dynamic programming. Think of,, J,; andJ, as assets priced by firms, which are
risk neutral investors, with required rate of retugrwherer is the interest rate. The
expected return on a vacangy is the probability1¢(6)1, per unit of time of finding

a worker that is able to operate the technology and obtaimp#at gain ofd,; — V,
minus the probabilityy per unit of time of a capital loss &f; if the firm closes down.
Agents will be willing to hold the assét; if its expected rate of return, i.e., its div-
idends plus any expected capital gain or loss per unit of,tieggalrV,. Thus the

arbitrage equation that determines the present discowatad ofV, is given by

'V, = /lf(e)/la (‘]n,l - Vﬂ) — $Vr. (Il)

If the firm is matched with an unskilled worker, the return fioe firm is the dividend
76 — W, per unit of time plus a capital gaidy,, — J,; with probability 7, per unit of

time if the worker gains skill, minus the capital loss&f with probability ¢ per unit
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of time if the firm closes down. Hence,

rJ,,J = 9|7T — Wy + 7t (Jn,h - J,r,|) — ¢J,r,|. (|2)

Similar reasoning implies

I'J,r,h =7 —W;h— ¢‘J7r,h- (|3)

LetW,; andW, , be the present discounted value of being employed as anledski
and as skilled worker in a high productive firm, and Uete the value of being un-
employed. Parallel to the previous analysis, | can thinWpf as an option value that
yield utility U(w,,) per unit of time, has an expected capital gain\gf, — W, with
probability 7y, if the worker gains skill, and an expected capital los$\Qf — U with
probability ¢ per unit of time if the match is destroyed. In order to holdtasset a

worker requires that the expected rate of return egeMds. Thus,

pW,r,| = 7/{(Wm|) + 7 (W,r,h - W,TJ) - ¢ (W,r,| - U) . (|4)

Finally, the expected rate of return @f,, is the utility Z/(w, ) per unit of time

minus the expected capital lossWf, — U with probability ¢ per unit of time. Then,

pWﬂ',h = q/[(Wﬂ,h) - (P (Wn,h - U) . (|5)

To determine wages | use a Nash bargaining solution with &rstkbargaining
power equal tgg. The Nash bargaining equation, which implicitly defines wages

W, andw,, are

B ke U' (W) (Irs = Vz) = (1 = B)(Wry — U), (1.6)

ﬁ kJT (Ll,(Wn,h)(‘Jir,h - V7r) = (1 _ﬁ)(Wzr,h - U)’ (|7)
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wherek, = (r + ¢ + n)/(0 + ¢ + 7p).

2.2.2 Value functions for low productive firms

I now turn to derive the market values for low productive firamsl for workers matched
with them. LetJ; be the value of a match with a typevorker,i € {l, h}, andV be
the value of a vacancy for a low productive firm. The wage pgi@ bow productive
firm to an unskilled worker is denoted lwy and to a skilled worker byw,. Since
only operating firms can receive the opportunity of adopthmgnew technology, the
arbitrage equations determining the present discountked vd V can be derived in
the same way that, was derived. The main filerence is that all workers can operate
this technology. This implies that with probabilify (6) per unit of time a firm finds
a worker that can operate the technology as an unskilledev@kd obtain a capital
gain ofJ, — V. Thus,

(r+ o)V =2(00)(J -V). (1.8)
To derive the arbitrage equations f@rand J,, | have to take into account that with
probability y per unit of time a firm has the opportunity of switching to tkeehnol-

ogy n. Firms take as given worker’s decision and decide whethadtmpt the new

technology or not. The arbitrage equations are as follow:

rd O —-wW +mn (=) - +y I((W!a) max{dadr) + (L — Aa)Vr — J — €l¢, 0}(1.9)

rJh 1—Wh — ¢dh +y T(WD maxaa(Gnden + (1 - 6n)In) + (1 — 2a)Vy

—Jn — €lc, 0} (1.10)

Equations (1.9) and (1.10) can be derived in the same waytemsa(1.2) and (1.3) were
derived, but now with probability per unit of time firms have the expected gain of
changing the technology, which are the last terms in equ&ijp9) and (1.10). These

terms merit an explanation. First, the functidg) is the indicator function, which
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equals one if the argument is greater or equal than zero amalsegero otherwise.
Second, the functio. , i = | for unskilled and = h for skilled, represents workers'’
expected gain of accepting the technolaggnd will be derived later. A type(i = 1, h)
worker will accept the technological change if and onlyMf, > 0. Conditional on
workers’ decision the firm will be willing to accept the techogical change if and
only if the value of expected gain with the new technology risager or equal than
the cost of adoption plus the value of expected gain of camm with the current
technology. That is,

Aadey + (1= AV, > J + €l (1.11)

and

Aa(0nden + (1 = 0n)dns) + (1 — Aa)Vr = In + €l (1.12)

for a firm that is matched with an unskilled and with a skilledricer. Then equations
(1.9) and (1.10) follow. | now explain expression (.12)nse (I.11) has a similar inter-
pretation. The left hand side of (1.12) is the expected gaimdopting the technology
n. Conditional on being able to operate the new technologyijlegkvorker will re-
main skilled with the new technology with probabiliéy and will lose the skill with
probability 1- 6. If the worker is not able to operate the technology the métch
broken and the firm changes its valueto The right hand side of (1.12) is the cost of
adoption. This cost is the sum of the value of continuing i current technology,
Jn, plus the cost of the new technology,, which is a fractiore € [0, 1] of the entry
cost.

In order to study firms’ decisions | define the following fuiocts

Fo = Qadey + (1= )V, — I — €l (1.13)
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and

T2 = Aa(6nden + (L= 6n)Jni) + (L= AV — Jn — €lc. (1.14)

Hence, a firm matched with a type(i = |, h) worker will want to adopt the new

technology if and only ifF] > 0.
For workers | proceed as follow. L& andW, denote the present discounted
value of being employed in a low productive firm as unskilled as skilled worker.

The equations that determikkg W, andW, are

PU = UMW) + 2(0) (oM~ U) + dar (Wi = U)), (1.15)

pW UW) + 7th (Wh — W) — ¢ (W — U) +y T(F3) max{daWs + (1 - 1)U

~W, 0}, (1.16)
pWh = UMW) — ¢ (Wh = U) +y Z(FD) maxida(@nWen + (1 = 6n)We) + (1 - 22)U

~Wh, O} (1.17)

wherevy andv; are the number of vacancies in firms that use the low and thHe hig
productive technology, and= vy + Vv, is the total number of vacancies in the economy.
These equations have the following interpretation. Aceaydo (1.15) the flow return

to an unemployed workes,U, equals the utility provided by home productidd(w,),
plus the gain from switching from unemployed to employed reskilled worker in a
low productive firm,W — U, with probability 1,22 per unit of time and in a high
productive firm,W,, — U, with probability 1,152 per unit of time. According to
(1.16) the flow return to an unskilled worker employed in a lpmductive firm,o W,
equals the sum of four terms. The first is the utility providgdhis assetf{(w). The
second is the rate at which an unskilled worker becomesskit},, times the gain from
switching from being low productive to be higiA, — W. The third term is the rate at
which a match is destroyed because the firm closes dewiimes the capital loss from

switching from employed to unemployed(W — U). The last term is the rate at which
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a firm receives the opportunity of adopting the high prodectechnologyy, times the
firm decision,Z(#,"), times the expected capital gain from accepting or rejgdne
technology. Note that a worker decides whether to accemjectrthe new technology
taking as given the firm decision. Equation (1.17) can beveerifollowing a similar
reasoning.

A worker will accept the new technology if the expected gdiraccepting it is
greater or equal than zero. Since an unskilled worker wikiible to operate the tech-
nologyn with probability 1, and will be dismissed with probability-41,, his expected

gain of accepting the new technology is

W, = W, + (1 - 2)U — WL (1.18)

Similarly, a skilled worker will remain employed as skilledth probability 1,6y, as
unskilled with probabilityd,(1 — 6,) and with probability 1- 1, the worker will be
fired. Hence, the expected gain of accepting the new tecgpdto a skilled worker
Is given by

W = 2a(GhWieh + (1 = Sn)We)) + (1 — 22)U — W, (1.19)

Thus, a type worker,i = | h, will accept a technological change if and onlylf’, > 0.
Finally, in equilibrium I requirev = I so that there is no profitable entry by new firms.
This is the so called free entry condition.

As for the firms with the technology, wagesn, andw, solve first-order conditions

from a Nash bargaining solution with the workers bargaimpoger equals t@:

Bk U W)(J-V)=(1-p)W-U), (1.20)

B kn U (Wh)(Ih — V) = (1 - B)(Wh - U), (1.21)

wherek; = (r + ¢ + m +y I(F)I (WD) /(o + ¢ + mn +y T(FHI (W) fori =1, h.
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Ho,;

Unskilled workers in the
low productive sector

Hi

Unskilled workers in the
high productive sector

Unemployed
workers

Skilled workers in the
low productive sector

Skilled workers in the
high productive sector

Figure 1.2: Transitions

2.3 Distribution of employment

To fully solve for the equilibrium, it is necessary to derxplicit expressions for the
matching probabilities in terms of the endogenous vargabl&o this end | need to
determine the unemployment rate and the distribution oéneies and employment
across firms. Begin by letting;;, i = 0,1, andj = I, h, denotes the proportion
of the population who is employed in a firm with productivitfyi = 0 means low
productive and = 1 high productive) as unskilled & ) or as a skilled workerj(= h).
The proportion of the population that is unemployed is deddiyu. The transitions
between all possible states is illustrated in Figure |.2exely; = y I(F)) I(W), i =

|, h. To determine the steady state valueg;gf i = 0,1, andj = |, h, | equate the flow
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out of and into each of the filerent states:

(tn + ¢+ yuor = ﬂw(e)v—\fu, (1.22)
(¢ +¥n)on = 7oy, (1.23)

(Tn + A = idaptor + Ynda(l — n)uon + /la/lw(e)%l«l, (1.24)
duin = Tl + YadaOntop. (1.25)

In addition, the flow equations for the measure of vacant lowdpctive firms,vy, is
given by

(¢ + At (0))Vo = Bluor + Hon + Ha) + pan + Vo + Va). (1.26)

The left hand side of (1.26) is the measure of low productigeancies that are de-
stroyed ¢vo, plus the number of firms that finds a matah(f)v,. In the steady state it
should equals the number of firms that enter the market emstsnt, which is equal to

the number of jobs and vacancies that are destreyes] + uon + g1 + tan + Vo + V).
Hence, equations (1.22) to (1.26) together with the factt thi¢(6) = ud,(0) and

that theu’s plusu sum to 1, form a system of seven equations in seven unknowns,
Hol, Mon, M1l M1p, Vo, Vi @andu, which can be solved and expressed as functions of

the value of the market tightnegsin particular, for the ratiosy/v andv, /v, | have

Vo _ (yh + ¢)(Aad(6) + @) (71 + 7n + @)
Vo (vh+ 9)(Aads(0) + @) (ni + mn + @) + A:(0) (A — A)(yn(y1 + 7)) + i)’

and

Vi At(0)(A = ) (yn(n + ) + 1)
Vo (rn+ 9)(ad(6) + @)1 + mtn + @) + 11(0)(1 — Aa)(yn(n1 + ) + 1ig)”
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2.4 Steady state equilibrium

In this section | define the equilibrium of the economy. Befpreceeding | want to
claim that each value function can be written as an impliaitction of the value of
the market tightnesg. The reason is the following. Equations (1.1)-(1.5) formira |
ear system of equations in the variab\és J.|, J.h, Wy andW, ;. | can solve this
system and find the formulas that define each of these valuidas as functions
of w1, W,n, U andé, which remain linear functions di. Then, substituting these
values into equations (1.8)-(1.10) and (1.15)-(1.17) | aist another linear system of six
equations in the variableg J,, J,, W, W, andU. Solving this new system | can find
the formulas that define these functions as functions of thgesw;, Wh, Wy, W,h
andé. Finally, substituting all the value functions into the Hdsargaining equations
(1.6), (1.7), (1.20) and (1.21) | obtain a non-linear systeffour equations that implic-
itly define all wages as functions 6f which, in turns, allows us to write each value

function as a function of the market tightness

Definition 2.1 For a given set of parameter valuése, r, p, B8, 6, no, 7, l¢, An, Aa, ¥
ande such thats, ¢, I, v, e >0,r <0, p, B, 6, dh, Ao, p+6 < 1land0 < np <
1 < =, and a functional form for the matching function, a steadesequilibrium for
this economy is a vector of value functidivsJ, Jn, U, Wi, Wh, V., 515 Jehs Wi, Wi},

wages{w;, W, W, |, W, n} and a value of the market tightnegsuch that:

(i) The value functions V;,dJ,, U, W, Wh, V,, Jui, deny Wei, W, and wages y w,
W, 1, W, , satisfy equations (1.1)-(1.7), (1.8)-(1.10), (1.15)-{I7), (1.20) and (1.21).

(i) The value of the market tightne®ss v/u, satisfies the free entry condition

V(o) = I.. (1.27)
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3 Barriers to a technological change

The previous sections give us the necessary tools to defwaerier to a technological
change

Definition 3.1 Given the values, 1y, 1; ande for the new technology, | say that there
exist abarrier to a technological change in the economy if firms are willing to adopt

the new technologyr" > 0 (7} > 0), but ether skilled or unskilled workers do not,
i.e., Wh<0orwh<o.

This definition allows the existence of a barrier to a techgmal change by both
skilled and unskilled workers, or by only one of such groupte next proposition

states the conditions under which a barrier to a technaddgltange depends only on
skilled workers.

Proposition 3.1 If workers are risk neutral, whenever a technological chargyep-

timal for a firm matched with an unskilled worker. i.&, > 0, it is also optimal for

unskilled workers to accept it. i.W! > 0.°

Proof:Using the Nash bargaining equations (1.6) and (1.20), | catevy’, as

Wa= 1—ﬁ (Aa(Jes = Vi) = (4= V), (1.28)

or equivalently

W, =L (7!

1-8

Solving for A5(J.) — V,) from equation (I.1) and for) — V) from equation (1.8) and

— (Ve =V —él)) .10 (1.29)

substituting those values into equation (1.29) | obtain

(Wl ﬁ r+¢

a 1—18/1—@ Vﬂ V)

9This result seems to be true when workers are risk aversell mumerical examples | have per-
formed the result holds for risk averse agents.
10since workers are risk neutral | assume that they have the doount rate than firms, i.e.=r.
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Hence, a necessary andistient condition for an unskilled worker reject a technolog-
ical change is tha¥, < V. But, if V, < V, equation (1.29) would imply thaf} < 0.
The proposition followsm

This proposition implies that in any equilibrium of the ecomy in which the new
technology is at least optimal for a firm matched with an uietiworker, | will have
both technologies in operation. Skilled workers, howewgan block the technological

change even if the change is optimal for the firm.

Corollary 3.1 In an economy with only one type of workers, whenever it is optona
the firm the adoption of a new technology, it is also optimaltie workers to accept
it.

Proof: This is the especial case whepn= 0. Since proposition 3.1 is valid for all
values ofry, > 0, the proof followsm

This corollary says that there is no way | can generate branigh only unemploy-
ment risk, independently of the level of unemployment, thb production wage, etc.
A plausible explanation is that when there is only one typeadker the welfare losses
of a displaced worker are very small. In fact, these losseasisbof the reduction in
wages while unemployed, since they can find similar jobs ¢ooites they had before
displacement, and the losses can be easiebby the possibility of getting a higher
wage if the new technology is implemented. For instancehgfunemployment rate
is large, workers’ threat point is small and the bargainingcpss implies that wages
should be close to the home production wage which makes woakeost indiferent
between working in a firm or being unemployed. The possybidftobtaining a higher
wage in the event of remaining employed using the technatogfyset the risk of be-
coming unemployed. It does not happen when there are manetietype of workers
in the economy, because for a worker who has gained a wageymmewith the tech-

nology n, the losses in the event of being displaced are much higltemay not be
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easily dfset. On the other hand, if the unemployment rate is smallptbkability of

finding a similar job is high, which reduces the losses in treneof being displaced.
This result does not contradict the main point of this chajaée illustrated later,

that unemployment is at the origin of barriers to technolaggption, but points out

that the secondanyiects of unemployment are very important.

3.1 Numerical examples |

The next examples illustrate the quantitative implicagiah a change in the level of

unemployment on barriers to technological changes.

Example 3.1

In this example | study the existence of barriers to techgiold change in economies
that difer only in the level of unemployment. | consider economieth\the unem-
ployment rate varying from.8% to 20%. In order to generate economies witfedéent
unemployment rates | adjust the job creation chstThis election is based on the fact
that the relative price of investment is higher in poor coestthan in rich countries
(See for example Easterly (1993) and Jones (1994)), anddingdo Restuccia and
Urrutia (2001) the relative price of investment is negdyiverrelated with investment
rates. A lower investment rate generate fewer jobs, and adtewof job creation leads
to an increase in the level of unemployment. In the simutalio increase in the job
creation cost increases the unemployment rate by 18%.

Before proceeding, | need a functional form for the matchungcfion. | follow
the existing literature and use a Cobb-Douglas functionahfom(v,u) = veul-?,
@ € (0, 1), which implies thaf¢(6) = 6*~* andA(6) = 6%; 2;(6) < 0, and;,(6) > O.

In this example a period is a month. The model has sixteempeeas|{o, r, p, 3,

a, ¢, v, le, b, mo, 8, mh, T, A4, On, €}. | choose then in the following way: the parameter
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of risk aversion isr = 1.5; the interest rate, and the rate of time preferences.are
equal to 5% per year; the exogenous firm destruction ¢ate,set such that the prob-
ability a firm closes down before 9 years equal&)y is set such that the probability
a firm receives the opportunity of adopting the new technplogfore 9 years equals
0.75; b equals zero, so there is not unemployment benefit in the ecgnworkers
bargaining poweg is 2/3, and the matching function parameteis 0.6; 7o = 1/5 and
the productivity of an unskilled worker is 30% lower than greductivity of a skilled
worker, i.e.,, = 0.7; finally, m, is chosen such that a worker gains skill in one year
with probability Q75.

The parameters of the technological changenarg,, 6, ande. The new tech-
nology is 65% more productive than the current technology,s = 1.65. Workers’
probability of being displaced is. 05, which implies thait, = 0.85. The probability
that a skilled worker remain skilled with the new technolagyy, = 0.75. Finally,
for the technological change to be optimal for all firms | take 0.84. Under these
assumptions low and high productive firms are always wiltmg@dopt the new tech-
nology. Table I.1 summarizes the parameter values of theemod

The type of equilibria | consider are pure strategy equdibFigure 1.3 (a) presents
the expected gain of accepting the new technology for seskillorkersW", in economies
with different unemployment rates. The continuous line represeatsxpected gain
of accepting the new technology if everybody else accephil, the dashed line when
everybody else reject it. Note that in all cases the adopifdhe new technology is
optimal for firms and also for unskilled workers. In what &olls | restrict the analysis
only to skilled workers.

When the unemployment rate is less or equal than 7% both Ineesb@ve the hori-
zontal axis, which means that workers are always willingcitept the new technology,

and an equilibrium where there is always adoption of the m@hiriology exists. If the
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| Parameters u=2.5% | u=20% |

o 15 15
o 0.0042 | 0.0042
B 2/3 2/3

a 0.6 0.6

¢ 0.012 | 0.012
y 0.012 | 0.012
I 27.7 38.3
7o 0.2 0.2

) 0.7 0.7
7 0.02 0.02
n 1.65 1.65
Aa 0.85 0.85
S 0.75 0.75
€ 0.84 0.84

Table I.1: Parameters of the model. (Period 1 month)

unemployment rate is greater or equal than 15% both linebelmv the horizontal
axis. In this case it is optimal for a skilled worker to rejdat technology when every-
body else is rejecting it, and an equilibrium wdtbarrier to the technological change
exits since workers will reject a technology that is optirfaal firms. For unemploy-
ment rates between 7% and 15%, it is optimal for workers eeith accept the new
technology when everybody is accepting nor to reject the @ahnology when ev-
erybody is rejecting. In this case there should be a mixeggaequilibrium with an
intermediate level of adoption. The main conclusion from #xample is that barriers
to a technological change are stronger the higher is the plogment rate and that
they disappear when the unemployment rate figantly low. This result indicates
that labor market frictions can play an important role inlakpng the existence of
barriers to technology adoption.

Part (b) of figure 1.3 presents a measure of aggregate wdbarthe economies
where technological changes are always implemented andewhe changes are al-

ways rejected. The measure of aggregate welfanéisuU -+ Wi + o nWh+ 1 Wy +
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Figure 1.3:

(a) Skilled workers’ expected gain of adoption fochanging from 5% to 20%.

(b) Social welfare for economies where there is adoptioregction of the new tech-
nology.

u1nW,n. This figure shows that the whole economy is bett&wdhen the new tech-
nology is implemented than when it is rejected. The rejectibthe new technology
represents a welfare loss for the whole economy.

In figure 1.4 | perform the same experiment but increasingptiodability of being
displaced to 30% if the new technology is implemented, ig.= 0.7. In this case
barriers become stronger. This result suggests that néandagies are more likely to
be rejected the higher is the labor substitutability of #g&hthology, which in this case

Is modeled as the inability to operate the new technology.

Example 3.2

In this example | consider economies with the same cost @itiog jobs but dier-
ent levels of unemployment benelfit All unemployed workers receive a transférs
in addition to the home productiom, i.e., the income of an unemployed worker is
W, = 7o + b. The unemployment benefit is financed by a lump sum tax to glleyed
workers. The economy with = 0 has an unemployment rate equals to755%0, and

the rest of parameters are like in the previous example. khatefor this level of



3. Barriers to a technological change 25

Adopti on

\ — — — No Adoption

Figure 1.4: Skilled workers’ expected gain of adoption ochanging from 5% to
20% andi, = 0.7.

unemploymenty = 15.75%, there is already a barrier to the adoption of the newtech
nology. The experiment consists in increasingnd observes how workers decision
change in economies with higherFigure 1.5 shows hovi4! changes for the dfierent
economies. Note that’" decreases dsincreases, which implies that barriers to tech-
nological change are more severe in economies with high plogmment benefit. This
surprising result was unexpected. In principle one coulgeekthe insuranceflect
that the Ul provides to fiset the risk of becoming unemployed. In a general equi-
librium context, however, economies with high unemploymeenefit and the same
cost of creating jobs exhibit higher unemployment ratese fiilgher unemployment
rate dfsets the insurancdfect of the Ul and leads to higher barriers. In the present
example the unemployment rate increases fron7T3% whenb = 0 to 22% when
b =0.012.

This result does not imply that for two economies with the samemployment
rate but with diferent level of unemployment benefits, the economy with tigddr
unemployment benefit should exhibit higher barriers. Thenemy with the higher

unemployment benefit is certain to exhibit weaker barriexsise the unemployment
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Figure 1.5: Skilled workers’ expected gain of adoptid¥ for economies that éier
only in the value ob.

risk is smaller. But, in order to have the same unemploymeat the economy with

the higher unemployment benefit requires a lower cost otiogfobs.

4  Severance Payment System

Example (3.2) shows that economies with generous unem@oi/tenefit exhibit
higher barriers to the adoption of new technologies thanlairaconomies with less
generous unemployment benefit when they face the same cogating jobs. In this
section | consider the inclusion of a severance paymengisyahd study how barriers
to the adoption of new technologies change. The motivatfdhis experiment is the
following. Severance payment system does not discouragéogment, as the unem-
ployment insurance system does, since it does not deperamemployment spell,
and the increase in unemployment was the main reason whyltpertbrmed badly
in the previous section. In addition, according to Rogersuh &chindler (2002), a

severance payment system seems to be appropriate to rérulosses of displaced
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workers, which in this model is a key factor in the determivabf barriers to techno-
logical changes.

The mechanism through which a severance payment helpsadespworkers to
reduce their losses is saving. When a worker is displaceddedves a severance pay-
ment and distributes it in an optimal way in order to smoothfhture consumption.
The possibility of distributing the severance paymentlgimut the future is essential
when workers are risk averse since for them consumption gnmapis very impor-
tant. Unfortunately, | do not have saving in my model. A sienppproach to this
problem, which allows me to use the same framework, is torasghat workers are
risk neutral. Risk neutral workers are ifiégrent in the way the severance payment is
distributed throughout the future, which makes saving gassary! This simplifica-
tion, however, makes moreficult the existence of barriers since the risk of becoming
unemployed or losing skill have less importance.

Note that the risk neutrality assumption rules out any iasoe aspect of the sys-
tem. In addition, the fect of a pure transfer from employer to worker is neutral
under bilateral bargaining because the worker would cosgterthe employer for the
expected transfer ex-ante in the form of lower initial watfesAlthough severance
payments do not have angfect on labor market outcomes, it can still have interesting
redistributive consequences that can help to reduce batag¢echnological changes.

The severance payment policy considered entitles all wenklo are displace ei-
ther because the firm closes down or because of a techndlepi@age to receive a
paymenfl atthe moment of separation, and the system is financed by@dum tax,

7, to all employed worker§ Since this payment is a one-time shock and because only

The results obtain in this section would be undoubtedlyngfen if workers were risk averse. When
workers are risk averse the barriers to a technological gdane higher and the possibility of saving
plays a more relevant role.

12 azear (1986, 1990) notes that if contract were perfectersexce payments would be neutral.
Burda (1992) also derives the Lazear result in a searchammient with exogenous job destruction.

3This way of modelling the system does not increase workengalirsing power and, therefore, has
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workers who are displace either because the firm closes dowecause of a techno-
logical change can receive the payment, the policy doesffeattavorkers’ bargaining
power and has not direcffect on unemployment.

All value functions for the firm and the value of being unenygld remain un-
change. The transition dynamics of the model also hold. ®we value function for

workers are:

r Wﬂ',l = Wﬂ,l =T+ Tty (Wﬂ,h - Wﬂ',l) - ¢ (Wﬂ,l - (U + T)) ’ (I3O)

r Wﬂ,h = Wﬂ‘,h - T - ¢ (Wﬂ’h - (U + T)) s (|31)

FWi = Wi =7+ 70 (Wh — W) — ¢ (W — (U +T)) +y T(F,) maxt oW,
+(1-22)(U + T) - W, 0}, (1.32)
rWh = Wh—7—¢Wh— (U +T))+y I(F2) maxda(6nWep + (1 — 5p)We))

+(1 - 2)(U + T) — W, O}, (1.33)

where upon separation the insider worker receives the aeverpayment. Since
workers are risk neutral | assume that they have the sameutiscate than firms, i.e.,
p =r. An equilibrium also requires thaf = I, so that there is not profitable entry by

new firms. The Nash bargaining solution for wages are now

B =Va) = (1-B) Wy -U),
Brn=Va) = (1= Wen—U),
B-V) = 1-pW-U),
Bh=V) = (1-Wh-U),

neutral €fects on real variables as thexts of a direct transfer from the firm to the worker.
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and workers decision are studied by the functions:

WL AW, + (L= 2)U +T) - W, (1.34)

wa

/la(éhWn,h + (1 — (Sh)W,TJ) + (1 — ﬂa)(U + T) — Wh. (|35)

As before, a skilled (unskilled) worker will accept a teclogical change only
if Wh > 0 (W, > 0, respectively). It can be observe from equations (1.34) an
(1.35) that an increase i increases the net gain of adopting the new technology for
both unskilled, W, and skilled,W", workers. Since a higli does dot increase the
bargaining power of workers the result of having a higivould be weaker barriers by

workers.

4.1 Numerical examples Il

In this section | study numerically théfect of a severance payment system on barriers

to technological changes.

Example 4.1

This example considers the same parametrization used mpaa3.1), except for
the technological change. The parameters of the techruabghange are as follow.
The new technology is 40% more productive than the currehin@ogy, sor = 1.4.
Workers’ probability of being displaced is3D, which implies thatt, = 0.7. The
probability that a skilled worker remain skilled with thewéechnology is5, = 0.7.
Finally, for the technological change to be optimal for aiifs | takee = 0.4. Under
these assumptions low and high productive firms are alwalimgvio adopt the new
technology, and low skilled workers do not reject the tedbgical change. Figure 1.6
shows the expected gain of accepting the new technologyskillad worker, W%, in

economies with dierent unemployment rates. For economies with unemployraést
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less or equal than.3% it is neither optimal for workers to accept the new tecbgyl
when everybody is accepting nor it is optimal for them to ecejbe new technology
when everybody is rejecting. These economies should exduibintermediate level
of adoption. Workers, however, are more reluctant to thengbahe higher is the
unemployment rate, and when the unemployment rate is greatxjual than 5%

there exitsa barrier to the technological change

Wh
\ Adopt i on
2} \\ — — — No Adoption
1.5}
\
1} \
AN
0.57 AN
~
L L >~ ~ L L L L u
0.0250.050.07/5°0-1-0.1250. 150. 175
-0.5} T

Figure 1.6: Skilled workers’ expected gain of adoption tochanging from 5% to
20%.

| consider now economies with the same cost of creating joibsvith different
severance paymenis The economy witil = 0 has an unemployment rate equals
to 15%, and the rest of parameters are like in the previoumpba Note that for
this level of unemployment) = 15%, there is already a barrier to the adoption of the
new technology. The experiment consists in increa3irend observe how workers
decision change.

Figure 1.7(a) shows the change" for the diferent economies. Observe from
this figure thatW?! increases a§ increases. This implies that barriers to technological
change are weaker in economies with high value$ ,adind the barriers disappear in

economies withl' large enough. In the present example the barriers vanistater
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Figure 1.7:

(a) Skilled workers’ expected gain of adoption foichanging from 0 to 4.
(b) Social welfare for economies where there is adoptiorection of the new tech-
nology.

ues of T greater or equal than@ Since the system plays only a redistributive role,
social welfare is independent of the transfeas figure 1.7(b) indicates. Nonetheless,
an equilibrium with adoption exists in economics with trf@ms greater or equal than
3.6. Thus, those economies are bettfrtban economies with no transfer since the
equilibrium with adoption exhibit a higher level of welfatigan the equilibrium with
no adoption. This result indicates that a severance paysysteém can help to elimi-
nate barriers to technological change, and that the eltibmaf such barriers may be
desirable for the whole society as it implies an increasbearével of welfare.

Figure 1.8 shows that under this new set of parameters theyplogment insur-
ance system continues performing badly. These obsergatidicate that a severance
payment system financed by a lump sum tax seems to be rfiective in eliminating
barriers to technology adoption than an unemployment arsie system. the previous
exercises suggest that policymakers should be very candfah designing welfare

policies because they can have negattVeats of technological progress.
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Figure 1.8: Skilled workers’ expected gain of adoptid¥ for economies that éier

only in the value ob.
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5 Conclusions

This chapter presents a model that includes labor marlatidinis, capital market im-
perfections and heterogeneity in workers’ skills in ordestudy the existence of bar-
riers to the adoption of new technologies or implementatiimetter work practices.

| analyze numerically theffects of labor market frictions on barriers to techno-
logical changes by studying the circumstances under wharkevs may be willing to
reject a new technology. | find that when the unemploymestisalarge and workers
have the possibility of losing skills if fired, new technoleg are more likely to be
rejected.

This work suggests that the design of social policies to d@éaiently with these
barriers is not trivial. | consider two fierent social policies: an unemployment in-
surance system and a severance payment system. With réspleetunemployment
insurance system | find that for economieffeting only on the level of unemployment
benefit, the one with the higher level of unemployment beheststronger barriers to
technological changes than the one with the lower level emyployment benefit. The
explanation is that economies with high unemployment benafi the same cost of
creating jobs exhibit higher unemployment rates. The higinemployment rateft
sets the insuranceffect of the Ul and leads to higher barriers. This suggests that
welfare policies have to be careful designed since no weligthed policies can have
negative &ects on technological progress.

Then | consider a severance payment system. Under thimsyskevorkers who
are displace either because the firm closes down or becaastechnological change
are entitled to receive a lump sum payment at the moment @fragpn. The experi-
ments show that barriers to technological change are wealsronomies with high
transfers. In practice this policy requires the identifmatof those workers who are

displace because of a technological change which repradenitation of the policy.



Chapter Il

Low TFP in the Investment Sector, the
Informal Economy, and International
Income Differences

1 Introduction

The existence of a large informal sector has always beendsmes as a bad indicator
of an economy’s performance. This is confirmed by the styongbative correlation
between the size of the informal sector and per capita GDRa@rsin figure 11.1. The
correlation between the log of per capita GDP and the shaveatptit produced in the
informal sector for the sample is -0.86There may be many plausible explanations
for the existence of such large informal sectors in many @owh developing coun-
tries. One potential explanation, connected with De Sq®89) work, is related to a
form of implicit taxation, due to obstacles to productiomlpbitions, corruption, and
bureaucratic regulations, among others, which lead to fa éngry costs in the formal
sector and low investment rates.

Low income countries are not only plagued by high entry cbetshey also face

!Loayza (1996) derives a similar finding using a multiplessunultiple-indicator (MIMIC) method
for a sample of 14 Latin American countries. He obtains angtnoegative correlation (-0.7) between
the size of the informal sector and real per capita GDP.

34
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higher relative price of investment than rich countrieg(deasterly (1993) and Jones
(1994)). A higher relative price of investment discourageestment and reduces the
creation of formal jobs which, in turns, provides incensite unemployed workers to
engage in informal businedsAccording to Hsieh and Klenow (2003), low PPP invest-
ment rates in poor countries are not due to low savings rateshagh tax or tatf rates

on investment but to lowf&ciency in producing investment goods. These observations
suggest that high entry costs and lofli@ency in the investment sector are likely to
play an important role in explaining the large observedrimagonal income disparities
and the size of the informal sector.

In this chapter | study the extent to which one can accounnternational dispar-

ities on income and on the size of the informal sector witfedences in policies that
either increase the entry cost in the formal sector or diserdficiency of the invest-
ment sector and, as a consequence, distort the accumudditaapital. To this end,
I introduces an informal sector into an otherwise standaatlassical growth model
with monopolistic competition in the formal sector. Thearrhal sector uses a labor
intensive technology to produce one good that is an impesigastitute of the goods
produced in the industrial sector.

The main result of this chapter is to show that the model cootd is able to
generate income flerences consistent with the observed international patter dif-
ferences in the productivity of the investment good sedtat generate reasonable
differences in the relative price of investment. The aggregatame of an economy
where the low productivity of the investment sector raisesrelative price of invest-
ment with respect to consumption by a factor of 4 is 14% of #mechmark economy,

and the share of employment in the informal sector is 73%.CHpétal to output ratio

2Restuccia and Urrutia (2001) show that the relative pridevefstment is negatively correlated with
investment rates in a cross section of countries, and HsidrKéenow (2003) show that the positive
correlation between PPP investment rates and PPP incoreks lgeross countries is almost entirely
driven by diferences in the price of investment relative to output actosstries.
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Figure I1.1: Estimates of the underground economy as a ptage of measured GDP.
Country codes as in the Summers and Heston data set. The datdhe informal
sector is as reported in Schneider and Enste (2000). Thisefigdirom Koreshkova
(2003).
is 3.12 times smaller than in the benchmark economy. These inclffieeences gen-
erated by the model are larger than in a standard one-sectetilgmodel with similar
capital share, which implies that a country with low TFP ia thvestment sector that
increases the price of the investment good relative to tihhewoption good by a fac-
tor of 4 has an aggregate income of 50% of the benchmark ecgreord larger than
two sector-models with technology choice, like the onegmésd by Restuccia (2004),
which implies that a country with a relative price of invesimhof 4 has an aggregate
income of 41% of the benchmark economy.

The intuition for this result is the following: a reductiom the productivity of the

investment sector increases the rental price of capitaddéswburages the creation of
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firms in the formal sector causing a reduction in competitibhe fall in competition
allows monopolies to operate old technologies more intehsiby allocating more
labor and less capital to old vintages which, in turns, cawassharp decrease in out-
put per worker in the formal sector. This reallocatidfeet is similar to mechanism
present in the home production model of Parente, RogersokiVvaigght (2000) or the
multi-sectoral models of Restuccia (2004) which generafiier@inces in output per
worker, mainly through the reallocation of inputs from hijgtoductive sectors to low
productive ones.

A second important result is that to generate a relativeepoicinvestment of a
factor of 4 with respect to the benchmark economy, the madglrequires a reduction
in the productivity of the investment sector of a factor df13.which is smaller than the
distortions required by the home production model of Parenal. (2000) or the multi-
sectoral models of Restuccia (2004). This result comes fl@rassumption that the
good produced in the informal sector can not be used in thdugtamn process of the
investment good. The implication of this assumption is thatprice of the investment
good difers from the price of the consumption good, which is a comeagdod of
both formal and informal goods. Given that the informal eecises a labor intensive
technology, any distortion that reduces the productivitithe investment sector raises
the price of capital making the goods produced by the forreelcs more expensive,
because the formal sector uses capital more intensively tth@informal sector. A
reduction of the productivity of the investment sectoreaithe price of the investment
good by more than the price of consumption. The low price olsconption goods in
poor countries, therefore, might be due to the existencargklinformal sectors that
generally produce their goods with labor intensive tecbgials.

De Soto (1989) reports examples of the type of economic ypali institutions

that have fiected economic development in Peru, and argues that obstecpro-
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duction account for a large fraction of the low returns toipnvestment during
the period. He describes a simulation performed by his rekess’ team to quantify
the time necessary to legally open a small business in Pet@88, without revert-
ing bribes. They spent six hours a day at it and finally regesteéhe business 289
days later. Although the garment workshop was supposed tpéeated by only one
worker, the cost of legal registration was, 881 - thirty-one times the monthly min-
imum wage. These kind of regulationffext the creation of firms by substantially
increasing the startup cost of business.

To assess the quantitativefext of the De Soto’s (1989) argument that the size of
the informal sector is mainly determined by entry barriéqgerform a “De Soto ex-
periment”. In this experiment | analyze how much of thfetences in the size of the
informal sector and in per capita income can be accounteayfpplicies that increase
the entry cost in the formal sector. The quantitative esecisuggest that a higher
entry cost is associated with both a larger informal sed® and a lower per capita
income level. The magnitude of thisfect, however, is modest. To generate an ag-
gregate income of 50% of the benchmark and a share of empiayiméhe informal
sector of 34%, the required entry cost should be 7.6 timesehnithan the entry cost
of the benchmark, which seems a bit higher. | see this resuttoanplementary to
Antunes and Cavalcanti (2006) who examine how much of thierdince in the size of
the informal sector and in per capita income across cowntaa be accounted for by
regulation costs and enforcement of financial contractgyTimd that for developing
countries contract enforcement and regulation costs arallggmportant in account-
ing for the size of the informal sector, but they do not ac¢donmost of the income
differences observed among countries. My findings also poihetoriportance of the
combination of distortions to thdteciency of the investment sector and costly barriers

to entry. These two distortions are likely to coexist in poountries and they have the
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potential to explain a large part of the observed intermaticncome diferences.

The rest of the chapter proceeds as follows. In section 2 ¢keslsl of model and
define the equilibrium are presented. The calibration proreis discussed in section
3, and in section 4 | perform some numerical simulations sess quantitatively the
effect of policies that distort the productivity of the investinh sector on the size of
the informal sector and incomeftirences. The “De Soto experiment” is presented
in section 5. Section 6ffers a sensitivity analysis of an important parameter of the

models, and section 7 concludes.

2 The economy

| consider an infinite-horizon model of infinitely lived hedgeneous agents. The econ-
omy consists of a household sector, an industrial sectdraarinformal or extralegal
sector. In the industrial sector there is a positive meastdgterentiated goods, each
of which is produced by a monopoly. The informal sector preduonly one good, and
the household sector is composed of a measure one of risksadvelividuals, who
are endowed with one unit of time every period. The utilitpdtion of each individual
IS

(25

0 . 1-o )

wherec, is a consumption goog, is the discount factor, and > 0. The consumption
good is a composite good defined over the gredt) produced in the informal sector
and a goodk;s(t) produce in the formal sector, both indexed by dat€{0, 1, 2, ...}. It
is given by,

o= (e Xest) + (1 ) Xalt)") (1.1)

The parameter & ys < 1 is the elasticity of substitution between the formal aral th

informal good. Large values of are associated with a higher substitutability between



2. The economy 40

formal and informal goods. The composite good producedaridimal sector is given

Xis(t) = [ f xi(t)ydi] ,

0

by

wherex(t) are diferentiated goods produced in the industrial sector, indegype
I € [0,v] and by datd, andv > 0 is the measure of flerentiated goods that is endoge-
nously determined in equilibrium. The parametex @ < 1 measures the degree of
competition in the formal sector.

Given pricespy for the diterentiated goods this preference specification implies

the household’s demand for goots

p,\L/(-79) 4
%P G 1) = (”—) (p' ) . (11.2)
Prt Pt

and the demand for the informal good is

Xis(C, 1) = ((1 —,u)Pt)l/(l—Vs) C.

where the price of the informal good has been normalizedéomn = (fo t/(y U )(y 1)/7

andP; is the aggregate price of the composite good given by

ys-1

Ly L E
e
t ((#) o \1l-p

The informal sector in the model is an alternative to unewyplent. To generate un-
employment | introduce search friction in the economy as Ivafez and Veracierto
(2001). The search friction takes place only in the format@eand unemployed in-
dividuals must divide their time between searching for aijothe formal sector and

working in informal activities. To simplify the expositiasf the model | abstract from
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search friction in the informal sector, although it is arguleat employment in the in-
formal sector is also very volatile. Firms in the formal seanust hire agents at a
common labor market, which changes location randomly auez,tand the probabil-
ity that an unemployed individual finds the labor market aejseon the individual's
search intensity level according to a matching functione Tratching functionm(r;)
depends positively on the time devoted to search the labdtatva Thus, the proba-
bility of finding the labor market increases with the indiwad search intensity.

Each diferentiated good is produced by a monopoly that uses capithlabor
as factors of production. A new technology appears in everjod and grows at a
constant ratg. Once a firm enters the market it can not update the technoldggh
implies that its technology depreciate over time relatovéhe newest technology. Ac-
cordingly, firms with diferent productivities will coexist in the economy and wilkus
factors of production with dierent intensity levels. As we will see later, economies
with low TFP in the investment sector are going to use old netdlgies more in-
tensively and, as a consequence, will exhibit low levels wpat per worker. The

production function of a firm that uses a technology that app& period, is

¥e = k" (Aph) ™,

whereA;, = A¢(1 + g)® is a technology parametds,is capital, andy, is labor.

Firms producing new dlierentiated goods can be createdk.(t) units of the con-
sumption good are allocated to it. This cost includes thiertelogy cost and the entry
cost, and it grows at the same rate than the technology. FRirrtiee formal sector
face a constant risk of being destroyed every period, andnatfem closes down all
workers in that firm becomes unemployed. Unemployed ind&isl can freely use a
linear technology that uses labor as the only factor of pctdn. This technology

is less productive than the one used in the formal sector ande used to produce
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the informal good. The measure of individuals that usestéuknology constitute the

informal sector. The productivity of the technology usethia informal sector equals

B = A(l+9)"

The good produced in the formal sector can be used for cortsumypurposes or
to accumulate physical capital. The informal good can omlycbnsumed. It can not
be used in the accumulation of capital. | consider the matifio of the capital accu-
mulation equation used by Parente and Prescott (1994) ndufication has become
standard in the cross-country income level analysis anessthat the aggregate capital

stockk; satisfies the law of motion

K1 = (1= 0K + X/,

whereé is the depreciation rateg is gross investment in physical capital, antgs a
technology parameter that determines the rate at whichottmeal good is transform
into capita. Notice that also determines the price of capital since in order to obtain
one unit of capital we need to investunits of the formal good. This implies that the
price of one unit of capital equaigs, whereps is the price of one unit of the formal
good.

Finally, a competitive banking sector accepts deposits fagents at the interest
ratei and holds physical capital and firms as counterparts. Fiensaapital at the
rental pricer, and in equilibrium there is no arbitrage between th€edent type of
investments. i.er, =1 +94.

Before defining equilibrium for this economy, | normalize \ariables and define
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output relative to the newest vintage. That is:

ki = Ke/(1+ @)

and the same fot, y, andl.. | also transform the consumers discount factog te
B(1+ g)“ and the financial intermediary discount factor te (1 + g)/(1 + i).

In what follows | focus on the steady-state of the normaligednomy, which cor-
responds to the balance growth path of the economy. Theysstate competitive
equilibrium | consider is characterized by a complete latkrovate insurance mar-
kets. Agents have no access to private insurance marketthapdire not allow to
borrow. The only way they can privately smooth consumptioross employment
states is by saving in an interest-bearing asset.

As in Alvarez and Veracierto (2001), | assume that agentaatarerify the state of
a particular firm when they join it. This assumption guarastiat all hiring firms will
offer the same wage rate in equilibrium which grows at thegat@nce an agent joins
a firm, the firm’s individual state is revealed to the agent,tba wage rate cannot be
renegotiate. Under these assumptions, agents are iddntitethe hiring firms’ point
of view and the hiring firms are ex-ante identical from theragegpoint of view, which
imply that the market for new hires will be perfectly compieé. The labor contracts
| consider specify that the market wage per unit of labor sugipould be paid as long
as the employment relationship last.

The objective of the remaining of this section is to define quilérium of the
economy. To define the equilibrium | need to specify how firmd &orkers take their
decisions in the economy. The individual state of a firm iegiby the ages of the
vintage it uses. The problem of a firm with current vintageto maximize the current
period profit, taking as given the wage rate per unit of lalpdy, w, the rental price

of capitalr, the aggregate price levél, and the demand for the ftkrentiated good
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xi(p, Y) given by equation 1.2, wher¥ is the aggregate demand of the composite

good. This maximization problem is stated as follows:

(9= max{psys ) ys—Wns—r 7 pr kf (11.3)
subject to (11.4)

Ys = k*(Ar(1+9)~° ns)l_a,

wherernps is the price of one unit of capital ard(ys, Y) is the inverse demand function

given by
Ys .
ps(ys) = (C_l) s
where .
c=|[PL) 7 e x| pEn (I1.5)
1 — ﬂ P pf B .

C is aggregate consumption, akds aggregate investment in capital.

In equilibrium, since banks can create new firms by allocgltirunits of the con-
sumption good to it and their discount factor j&Rl= (1+g)/(1+1), the following free
entry condition must be satisfied:

Pl.= i (ﬂ)s I1(s), (11.6)
R

s=0
whereg is the probability of being destroyed faced by each firm epenyod. The free
entry condition (I1.6) states that the expected discoumtdde of a newly created firm
must be equal to the fixed entry cost.
I now proceed to define the agents’ problem. At any point ireten agent is ei-
ther employed or unemployed. Unemployed agents divide thei of time between
searching for a job in the industrial sector and working ia thformal sector. The

individual state of an agent is given by the agent’s emplaoyséatus and by her cur-
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rent assets leved. Let W(a) and U(a) represent the value of being employed in a
formal firm and the value of being unemployed, and workinghi@ informal sector,
for an agent with current assets legelAn employed worker with current assets level

amaximize

W(a) = mcax{ 101_0 +B[L- @) W@) + ¢ U(a’)]} (11.7)

-0
subject to

Q+ga=@QA+i)a+w-Pc

a >0.

In the next period, with probability (£ ¢) a worker will remain employed in the firm
and obtains a value &¥(a’), and with probabilitys the firm closes down and workers
becomes unemployed. Displaced workers obtain the vad(@8. Unemployed agents
find the labor market with probabilityn() = 7', wheren denotes individual search
intensity and > 0, and when they find it they join some randomly determined firm
among those that hire obtaining a value/ifa’).® With probability (1-m(z;)) the agent
continues being unemployed. The income of an unemployendtageetermined by
the asset holding and by the income earn in informal actiwifil— )w;, wherew; is

the wage paid in the informal sector per unit of labor supply.

The value of being unemployed for an agent with current assaitisfies the

3This matching function is similar to the one used by Alvarad ¥eracierto (2001).
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following functional equation:

1-o
U@ = max{ I B [m) W) + - m) U@} (1e)
subject to
(Lo =@+i)ar@-nw-Pe

a>0.

An important observation is that the lower the wage gap betwtbe formal and the
informal sector, the smaller theftBrence between the value of been employed in the
formal sector and the value of been unemployed and workirigearinformal sector.

A small premium for formalization decreases agents’ inwertb look for a job in the
informal sectory, and, as a consequence, increases the size of the inforohad. Sehis
makes the model consistent with the empirical finding docueteby Lemieux, Fortin
and FEchette (1994) that after-tax wages in the formal sectonegeatively correlated

with hours worked in the informal sector.

2.1 Distributions

The second step to define an equilibrium is to determine homsfaind workers are
distributed across the filerent states of the economy. In the steady state the measure
of firms using the dferent vintages are described by a time invariant meagsufréis

measure is defined by

x(0)

x(9)

¢V,
(1-9¢)(s-1), fors=1,23,....

(11.9)

Let g(a, j) be the optimal saving decision rule for a tye j) individual, where

] = umeans that the individual is unemployed gnd e means that she is employed.
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Let n(a) be the optimal search decision rule for unemployed agérits. distribution
of agents is characterized by time invariant meas@@s j) describing the number of
employed and unemployed agents across individual stateselmeasures are implied
by the optimal search rulg(a) and the optimal saving rulega, j). In particular, the

measureb satisfies

(A, ©) = f m(n(a). S.) do(a, u) + f (1-¢)dd@e., (I1.10)
{a:g(a,u)eAo} {a:g(ae)cAo)

for all Ay € B(R,), whereB(R,) is the borelo-algebra ofR,. The first term in this
equation is all those unemployed agents who find a job in thedbsector and save

an amount that belongs . The second term is all those employed agents whose net
saving is inAg, and remain employed. The measure of unemployed agents sgét a
levels inAg is given by all those unemployed agents who do not find a job thlase
employed workers who become unemployed because of tharghdtiwn of firms

which savings are idy. That is,
o= [ @-mo@ SHwv@u+ [ sdo@e. (11D
{a:g(au)eAo} {a:g(a.€)eAo}

Finally, the units of work allocated to informal activities
Q; = f(l —n(a)) dd(a, u). (1.12)
R,

2.2 The aggregate production function in the formal sector

An important question | wanted to address in this chapterweaher the introduction
of monopolistic competition in the formal sector togethathmthe low TFP in the
investment sector were able to generate endogenous TiFePedices in the formal

sector. The answer to this question turns out to be no. THiiformal sector depends
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only on some parameters of the model. To illustrate thistda@empute the average

TFP of the formal sector which is given by

AT
(1+gto-1+¢

1 - 1-a
Average TFP= = ; [Ar(L+ )] "x(9) =

This average TFP depends positively on the job destrucatsg; which is an
exogenous parameter in my model. Economies with large w#sin rates will up-
date their technologies faster and, as a consequence xwiitliea higher productivity.
Properly modelling the job destruction decision is a paédeixtension that could help
us to better understand th&exts on TFP of the interaction between monopolistic
firms and labor market frictions. This extension is in linghwliagos’s (2006) work.
He shows how aggregate TFP depends on all the characteostice labor market as
summarized by the job-destruction decision, and used hdehto study the fects of
labor-market policies on the level of measured TFP. In hidehtabor-market policies
can make an economy exhibit a low level of TFP by distortirggwlay in which firms
react to the economic environment. As a result, two econ®migy exhibit diferent

levels of TFP even if production units in both have acceskésame technology.

2.3 Equilibrium

In this section | define the steady state equilibrium of tr@nemy, which corresponds
to the balance growth path. Lefa, j) be the optimal consumption rule for a type
(a, ]) individual. The aggregate demand of the consumption gapele household

consumption plus investment in the creation of new firmss given by

C= Z fc(a,s)dd)(a,s)+¢vlc.
SE{&U}R
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Total production of the differentiated goog;, i € [0, v], and production of the infor-

mal goody;s are given by

Y = k(s) (AL + 9 n(s)) ", Vie[oV, (11.13)

and
Yis = A @;. (11.14)

Definition 1 A stationary equilibrium for this economy is: a set of pri¢esw, P}, a
set of functions for the firm@l, ps, ns, k}, and for worker§W, U, g,n, ¢}, and a set

of time invariant measure®, y} such that the following conditions hold:
() Giveni,r, and w, the functions k and n solve the firm’s pewblgiven by (11.3).

(i) Giveni,w, and P, the functions W, U, g, and c solve the agent’s problem (11.7)
and (11.8).

(iif) The measurg, satisfy the condition given by (l1.9).

(iv) The measure®, and®; are consistent with the individual decisions of agents as

given in equations (11.10), (11.11) and (11.12).

(v) Given the aggregate price; @nd the interest rate i the functidn satisfies the

free entry condition (I1.6).
(vi) Markets clears:

Good’s market:

Xi(pi,C)+(5+g)7TK(%)m = vy, Yie[0,V] (11.15)
f
Xs(C) = Vi, (11.16)

1/ys

-

v ¥sly
C:[“ [f ’“(pi’c)’di] +(1-p) ms(C)Ys]

0
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where (11.15) is the equilibrium condition in the formal sec(l1.16) is the

equilibrium condition in the informal sector.

Labor Market: The number of unemployed agents who find the labor market

must equal total hiring by firms.

f m(n(a)) do(a, u) = ¢ f do(a, 6. (11.17)

R,
Financial Market: The total amount of savings by agents must equal the total

value of assets owned by the banking sector.

\

Y, [ado@s = pike( [ (pryi-wnis)-r7prks)u(s) di-ov PL)
se{eu}

- ’ (11.18)
where K= [ kg x(s) di.

(vil) The no-arbitrage condition & i + § is satisfied.

3 Calibration

The quantitative exercise is based on the following stsatEgst, choose a base coun-
try and find a set of parameters such that the informal secer along with other
characteristics of the base country, are delivered by timepetitive equilibrium in
the model economy. Second, consider a world populated byhtincoam of closed
economies, all of them being replicas of the benchmark eograd time 0 and dfer-
ing only in the the size of the investment sector’s TFP. By canmg equilibria across
the economies, one can learn about the relationship betp@eres that distort the
efficiency of the production process of the investment sedtersize of the informal
sector, and theirféect on income dferences across countries.

In this section | calibrate the model to the U.S. data. In thidcation | treat the
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U.S. as an economy with no distortions to the TFP of the imeest sector. In this
economy one unit of the formal good is transformed into oni¢ afincapital, which
implies thatr = 1. The period in the model correspond to a quarter of a yedrean t
data.

| follow standard procedures for choosing the parametextsate presented in the
standard growth modelg, 8, 6, a, ando. The growth rate of the technologgy, is
chosen to match long-run post-ward U.S. productivity growtarget an annual inter-
est rate of 6.8%, implying a value fop of 0.9918 and a capital income share of 0.3,
which is consistent with U.S. capital income share. The gaysapital depreciation
rate and the technology parametesire chosen to match the investment to output ratio
and the capital to output ratio. The relative risk aversiaremeterr is 1.5.

With respect to the technology parameters the formal sectatuctivity As is cho-
sen to generate a normalized annual aggregate output iotmalf sector of 1 in the
benchmark economy and the informal sector productijtis chosen to generate an
informal output to aggregate formal output of 0.07. Thisseslis between the smallest
estimates of the informal production as a percentage of G0ORe U.S. Diferent es-
timates of the size of the informal economy, or undergrowswhemy, as a percentage
of GDP in the U.S. range from 6.7 to 13.9%, with an average &6 {8chneider and
Enste (2000) and Schneider (2005)).

Labor market functioning is determined by the firms’ dedinrc parametew,
which coincides with the job separation rate, and by thecketachnology parame-
terl. | assigned a value of 0.035 ¢ which is consistent with Shimer (2005) finding
that the U.S. separation probability averaged 3.5 pergenpaints during the period
1948 to 2004, and the search technology paramasechosen to match the employ-
ment share in the informal sector.

Relative to the standard growth model, what is new are thegi@mameter between
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Parameter  Value  Target

g 0.02 growth rate of the technology 2% per annun
B 0.9918 capital income share of 0.3
1) 0.014553 investment to output ratio of 0.275
a 0.33 capital to output ratio of 2.5
o 15 relative risk aversion parameter 1.5
As 0.01137 annual aggregate output in the formal sector of 1
A 0.16324 informal output to aggregate formal output of 0.07
1) 0.035 job separation probability 3.5% per quarter
I 0.85 employment share in the informal sector 13%
u 0.5 share parameter between formal and informal goods of 0.5
le 0.057063 normalization of fferentiated goodg = 1
y 1011  steady-state markup of 1.1 in the formal sector
Vs 0.8 substitution between the formal and the informal good.8f

Table 11.1: Calibration of Benchmark Economy

formal and informal goodg;, the firms’ creation cost,, the elasticities of substitution
between formal goods, and the elasticity of substitution between the formal doed t
informal good,ys. The share paramet@ris 0.5, and the firms’ creation cokt is
chosen to generate a normalize measure fbémdintiated goods in the formal sector
v of 1. The the elasticity of substitution for thefidirentiated goods in the formal
sectory determines the markup for individual goods. The steadigstaarkup is set
equal to 1.1, corresponding $o= 10/11. The last parametex is especially relevant
in determining the impact of the distortion of capital accuation on the size of the
informal sector. This parameter may vary a lot across casand is likely to be
larger in countries with large informal sectors. | set thasgmeter equal to 0.8, which
represent a lower substitution between the formal and tleenral good than between
the formal diferentiated goods alone. In section 6 | analyze the sengitifthe result
to variations of this key parameter. Table II.1 reports ammany of all parameter values

and targets.
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4 Effect of policies that distort the productivity of the
investment sector on informal employment and in-
come

In this section, | examine to what extent policies that digtee dficiency of the in-
vestment sector account forfidirences in income and in the size of the informal sector
across countries. The way | approach this issue here is htirghdown technolog-
ical differences in the formal and the informal sector and asking howhnncome
inequality can be explained byftérences in distortions alone, i.e., byffdrences in
the productivity parameter. The experiment therefore is to consider the whole world
as having access to the same technology, and quantify thacingh bad economic
policies (or other institutional fierences) that raise the cost of capital lt§eeting
the productivity of the investment sector. The empiricalerpart of the distortions
to the investment sector in the data is the relative pricenadstment. According to
Restuccia and Urrutia (2001) and Jones (1994) reasonalte thferences in the rel-
ative price of investment across countries lies betweend4@anTable 11.2 presents
the variations in output in both sectors, formal and infderttze size of the informal
sector, and capital to output ratios fofférent values of the distortion parametehat
generates reasonabldfdrences in the relative price of investment. To be condisten
with the way the data is reported in Summers and Heston (198%g the price of the
composite consumption good and the price of the investmaod @f the benchmark
economy to compute aggregate income in all other economies.

The first important observation from this simulation exeecis that the model is
capable of delivering the negative correlation betweersthe of the informal sector
and output per capita presented in figure I.1. The seconditapt finding is that the
model is able to generate incométdrences consistent with the observed international

patterns for reasonable valuestoffFrom table 11.2 can be observed that the aggregate
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. _ , 0.5y Yi
T Pi/Pc Vi Yi +Yi @, K/Y 05Yi+y: Yi+y
1 1 1 1 0.107 2.50 0.0338 0.0653

15 154 0669 0.714 0.231 1.66 0.0873 0.161

2 2.16 0438 0.562 0.387 1.25 0.174 0.297
25 288 0.271 0.469 0.551 0.997 0.297 0.458
27 322 0218 0.442 0.614 0.923 0.356 0.525
311 40 0.135 0.400 0.727 0.801 0.484 0.652
3.36 456 0.100 0.382 0.782 0.741 0.561 0.719
3.8 5.69 0.0579 0.360 0.857 0.655 0.682 0.811

Table 11.2: Htect of changes in the distortion parametesn income and the size of

the informal sector. Columns 2 and 3 are formal output and ¢atiput relative to the
benchmark case.

income of an economy where the low productivity of the inueet sector raises the
relative price of investment with respect to consumptioraligictor of 4 is 14% of the

benchmark economy, and the share of employment in the isflasector is 73%. The

capital to output ratio is.22 times smaller than in the benchmark economy.

An important implication of this result is that aggregatedme diferences across
countries in this model are larger than in a standard onmsgcowth model with
similar capital share, which implies that a country with |@WP in the investment
sector that increases the price of the investment goodvelatthe consumption good
by a factor of 4 has an aggregate income of 50% of the benchacarkomy, and larger
than two sector-models with technology choice, like the presented by Restuccia
(2004), which implies that a country with a relative priceimfestment of 4 has an
aggregate income of 41% of the benchmark economy.

More relevant than generating large incom@diences across distinctive economies
Is to understand the sources of thesedences. The aggregate incoméeatiences

across countries generated by two sector models that ioiga non-market sector,



4. Effect of distortions on informal employment and income 55

like a home production sector in Parente et al. (2000), onegplaductive sector, like
the agricultural sector in Restuccia (2004), are mainlyariby the reallocation of
inputs, labor and capital, from high productive sectort productive ones. This is
also the main channel through which distortions to the pcodiy of the investment
sector #ect output and employment in this model, since labor isoeated from the
formal sector to the informal one. The theory, thereforepissistent with the existing
literature that emphasize the negativieet of barriers to capital accumulation on the
inefficient reallocation of resources across low productivesssct

The intuition for the amplification féect of these kind of distortions on income
and the size of the informal sector is the following: a reductn the productivity of
the investment sector increases the relative price of im&st as column 2 of table
[1.2 shows. An increase in the relative price of investmewteéases the rental price
of capital and, as a consequence, reduces the net presemtrtisd value of a newly
created firm in the formal sector. This decrease of the ptefiscounted value of a
new firm discourages entry in the formal sector and reducegpettion, as shown in
figure 11.2(b) by the reduction in. The reduction in competition allows monopolies
to operate old technologies more intensively by allocatiraye labor and less capital
to old vintages, as figure 11.2 (d) and (e) illustrate, whicluses a large fall in output
per worker in the formal sector. A higher rental price of tapencourage firms to
substitute capital for labor causing a decrease on the nmadrgroduct of labor and a
decrease on wages. The drop in wages in the formal sectoceediie wage gap be-
tween the formal and the informal sector, as shown in figu2€d), which makes more
attractive the work in the informal sector and causes a fiseformal activities. This
feature makes the model consistent with Lemieux et al. (L88ding that net wages

in the formal sector are negatively correlated with hoursked in the informal sector.
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Figure 11.2: Relative price of investment, measure of finmsvage gap, and inputs
used by vintages in the formal sector foffdrent values of.

Table 11.2 also reports how national incomes would compiwesimeasured both
formal and informal output. The ratio of total output acréise undistorted and the
distorted economies is presented in column 4. The true oudpio is greater than the
ratio of formal output because of the relatively more impottrole played by informal
production in the distorted economy. The aggregate inconeasuring both formal
and informal output, of the distorted economy with a re@pvice of investment of 4 is
40% of the benchmark economy. Thesfatences are still larger than thefdrences

generated by the standard one-sector growth model and byndidel presented by
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Figure 11.3: Estimates of the underground economy as a ptage of measured GDP
vs. informal employment. Source: The data from informal Eyment is from ILO
(2002) and the data from the informal sector is as report&fchmeider (2005). The
data is in appendix 8.

Restuccia (2004) for the same relative price of investment.

The model predicts a strong positive correlation betweenstiare of informal
employment and the relative income of the informal econonity wespect to total
income. Figures 1.3 shows how the data generated by the Incodepares to the
available data on informal employment and relative incooresbme developing and
transition countries. | graph the values of informal empieyt and output generated
by the model for three étierent situations. The first one refers to the case in which
all informal output is measured properly. The other two saséer to the situations in

which only part of the informal output is measured. The faelocation implication

of the theory is therefore consistent with the availablessroountry data.
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A second important result is that to generate a relativeepoicinvestment of a
factor of 4 with respect to the benchmark economy, the maalglrequires a reduction
in the productivity of the investment sector of a factor dfl3.which is smaller than the
distortions required by the home production model of Parenal. (2000) or the multi-
sectoral models of Restuccia (2004). This result comes fl@rassumption that the
good produced in the informal sector can not be used in thdugtamn process of the
investment good. The implication of this assumption is thatprice of the investment
good difers from the price of the consumption good, which is a comeagdod of
both formal and informal goods. Given that the informal eecises a labor intensive
technology, any distortion that reduces the productivitthe investment sector raises
the price of capital making the goods produced by the forreelcs more expensive,
because the formal sector uses capital more intensively tthe informal sector. A
reduction of the productivity of the investment sectoreaithe price of the investment
good by more than the price of consumption. The low price olsconption goods in
poor countries, therefore, might be due to the existencargklinformal sectors that

generally produce their goods with labor intensive tecbgies.

5 Entry cost and the size of the informal sector

In this section | perform an experiment to asses the quénétaffect of De Soto’s
(1989) argument that the size of the informal sector is nyadi@termined by entry
barriers. The experiment consist in examining to what edxttemsize of the informal
sector is &ected by entry barriers, and whether high entry costs havaatigatively
important éfect on income. The results support the De Soto hypothedishitbaize
of the informal sector is positively correlated with thergrtost in the formal sector.
Columns 3 and 5 of table 11.3 show the change in formal outpdtthe size of the

informal sector for dierent values of the entry cost paramédterTo reduce output in
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e Pi/Pc Vs Yi +Yi @; K/Y v W /W
1 1 1 1 0.10702 2.4999 1.0003 1.0721

1.0220 0.72783 0.79609 0.20116 2.4971 0.24792 1.0519
1.0401 0.60260 0.70952 0.26846 2.4958 0.12531 1.0449
7.6 1.0613 0.50043 0.64208 0.33754 2.4952 0.069854 1.0403
10 1.0794 0.43455 0.59998 0.38979 2.4946 0.046886 1.0376
16 1.1217 0.32575 0.53237 0.49110 2.4926 0.022820 1.0334
20 1.1484 0.27660 0.50235 0.54367 2.4913 0.015868 1.0319

Table 11.3: Bfect of changes in the entry cdston income and the size of the informal
sector. Columns 2 and 3 are formal output and total outputivelso the benchmark
case.

the formal sector by a factor of 2, the entry cost has to beméstlarger than the entry
cost of the benchmark economy. The size of the informal séctoeases to 34% of
total employment.

The explanation for this result is that higher entry cost&alirage competition
in the formal sector but do not distort the capital accunohatiecision in the formal
sector as seen in column 6 of table 11.3. A smaller number afidiin the formal
sector reduces the marginal product of labor and, as a coeseg, lowers wages.
The reduction in competition and the wage gap are shown immad 7 and 8 of table
[1.3. The lower wages in the formal sector encourage worketise informal sector to
allocate more time in informal activities and to reduce iheetdevoted lo look for a
formal job. The result is an increase in the size of the infdreector and a decrease
in formal output.

To determine how much of the international incomfeatences can be accounted
by the model | need to know how large are barriers to entry or pountries compared
with those of rich countries. Djankov et al. (2002) preseattadon the regulation of
entry of start-up firms in 85 countries, which includes mdshe top and bottom ten

percent countries of the Penn World Tables in 96 (PWT96). Hta cover the number
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of procedures, foicial time, and dficial cost that a start-up must bear before it can
operate legally. They find that countries with heavier ragah of entry have higher
corruption and larger urbcial economies. Taking averages over the countries of the
top and bottom ten percent of the PWT96 for which they have, da&r estimates
imply an average cost of setting up a legal business of 7.58fhefannual per capita
GDP in the top ten percent and 120% of one annual per capitaiGDié bottom ten
percent. In other words, expressed as a percentage of aalgrerucapita GDP the
official entry costs were 16 times larger in the bottom ten péntem in the top ten
percent countries. It is important to realize that suchdattferences in entry costs
do not include unfiicial costs such as bribes and the like, which are much haoder t
measure than theflicial ones.

Table 11.3 shows the change in formal output and the size @fitformal sector
for an entry cost of 16 times the entry cost of the benchmadkhemy. The size of
the informal sector increases to 49% of total employmeniclwimakes the model
consistent with Djankov et al.’s (2002) results, and formatbut is reduced to 33% of
the benchmark economy. High entry costs, therefore, aeetataxplain a large part of
the observed international incometdrences.

Although large entry costs alone are unable to explain albttserved international
income diferences across countries, when these costs are combirfedistirtions
to the dficiency of the investment sector, they have the potentiakptagn an even
larger part of the observed international incom@edtences. This is a relevant exercise
because these two distortions are likely to coexist in poantries. Table 1.4 displays
the change in formal output, the size of the informal seaioditferent values of; for
an economy where the investment sector is half as produasitiee investment sector
of the benchmark economy. ea,= 2. The value ofl; that is required to decrease

output in the formal sector by a factor of 10 relative to thelistorted economy is
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only 5.4 times larger than the cost of the benchmark econdrng mechanism that
is behind this result is a combination of thieets created by the increasesnrirom
1 to 2, the increase in the relative price of investment tigtbd the accumulation of
capital, and theféects produced by the increase in the entry cost, mainly thecten

in the measure of firms in the formal sector.

e Pi/Pc Vs Yi +Yi D; K/Y v W /Wi
1 2.1567 0.43815 0.56231 0.38676 1.2473 0.47226 1.0378

3 24210 0.19680 0.43629 0.64071 1.2454 0.079328 1.0315
5.4 2.6997 0.10319 0.38768 0.77716 1.2451 0.025766 1.0313

Table I1.4: Btect of changes in the entry cdston income and the size of the informal
sector starting at = 2.

6 Sensitivity analysis

Table 11.5 displays the value of that is required to decrease output in the formal
sector by a factor of 10 relative to the undistorted economy,1. Several values of

the key parametey, are considered. It is important to observe the negativeetairon

Vs 7 @;
0.85 2.17 0.823

0.8 3.36 0.782
0.75 5.08 0.734

Table 11.5: Value ofr that is required to decrease output in the formal sector bgt@f
of 10 relative tar = 1 for several values ofs.

betweenys, the degree of substitutability of formal and informal gepdnd the level
of distortions needed to decrease output in the formal sbgta factor of 10 relative to
the benchmark economy. The sign of the correlation, howeweitd be expected since
it capture the willingness of individuals to substituterfal goods by informal. The

more indfferent agents are about formal and informal goods the highéeidfect of
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the distortions on the allocation of labor in the informattee. For large values ofs
small changes in the distortion parameterauses large reallocation of labor from the
formal to the informal sector as shown in the last column bfgdl.5. This indficient
reallocation of labor has a huge negative impact on the mtoztu of goods in the
formal sector.

This exercise also illustrate that the results are veryisem$o changes in the pa-
rameterys, which is one of the features that distinguish this modehfrevious ones.
As far as | know there is no empirical estimation of this paggen in the literature.
One can expect, however, that this parameter should digplagge variation across
countries. It is reasonable to postulate that the willirsgnt® substitute formal by
informal goods is larger in poor countries where more tha¥h %@ the total employ-
ment is provided in the informal sector. This hypothesisuigported by the findings
of Fortin, Lacroix and Montmarquette (2000). Using a recantzey on underground
activities conducted in the Province of Quebec (Canaday,fthd that hours work in
the underground or informal sector have a strong positikeceon the probability of
purchasing underground commodities and on the level ofrekpee. They empha-
size three reasons why working in the underground sectoudies the demand for
irregular commodities. First, individuals working in thederground sector may have
better access to the sector’s output. They may benefit fraterdaformation on the
availability of goods and services produced in the sectbrs etwork &ect is likely
to lower search costs and induce workers to increase thegenehtures on underground
commodities. Second, preferences over goods and serwvi¢ks underground sector
may be non-separable from labor supply in that sector. Am@kais the demand for
irregular housework services or home improvement for ugradeind workers who have
little time available to spend on these activities. Thitte thcome &ect of working

in the underground sector may increase the demand for lenegoods and services
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(e.g., renovation services).

T p/Pe Yi Yit+y @ K/Y  y/lye  Yi/(ye + i)
1 1 1 1 0.107 250 0.0338 0.0653

15 153 0.717 0.745 0.206 1.66 0.0764 0.142
2 2.11 0517 0.606 0.325 1.25 0.138 0.243
25 276 0.366 0.517 0.452 0.997 0.220 0.361
3 3.50 0.249 0.455 0.576 0.830 0.322 0.487
33 401 0.193 0427 0.646 0.755 0.391 0.563
401 543 0.101 0.382 0.781 0.621 0.561 0.719

Table 11.6: Hfect of changes in the distortion parameteon income and the size
of the informal sector. Columns 2 and 3 are formal output andl toutput rel-
ative to the benchmark case. In this simulation the entry oo$y require time
input of people dealing with bureaucratic regulations. Tiee entry condition is

wle = 320 (%) 11(9).

There is one implicit assumption in the model that might séeime important. |
am modelling the entry costs as a good cost. Because couwitiebow productivity
in the investment sector have a higher cost of producing gjaibds implies that they
effectively face higher costs of creating businesses. Tomgterhow sensitive are my
results to this implicit assumption | consider the follogyimodification. | assume that
the entry cost only require time inputs, time inputs of peag#aling with bureaucrats.
In this case, low productivity of investment sector and l@pital accumulation imply
low wages which, in turn, reduce the cost of creating busieesTable I1.6 shows the
results of this simulation. The results are very similarite bnes presented in table
[1.2. The value ofr that is required to decrease output in the formal sector lactf
of 10 relative to the undistorted economy 9% instead of 36, which represent a
reduction in productivity of the investment sector of on@£2. The éect on the other
variables are almost the same. The results of the chaptereftie, do not depend

significantly on this assumption.
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7 Conclusions

In this chapter | present a theory that considers explititly sources of ingiciencies
at reallocating inputs across sectors: the existence of @toductive sector which is
an alternative to unemployment, the informal sector, aeptiesence of monopolistic
competition in the industrial or formal sector. With thisthy | study the extent to
which one can account for international incomgetiences with dierences in policies
that distort the fficiency of the investment sector, represented by a low TFRen t
investment sector, and with policies that increases the afosreating a firm in the
formal sector. The model developed is able to generate irddifierences consistent
with the observed international patterns for reasonalfferénces in the TFP of the
informal sector even when ignoring the role offdrences in technology in both the
formal and the informal sector.

In arecent article Robert Solow (2001) stresses the impoetafthe non-technological
sources of dterences in TFP, which may be more important than the techiualb

ones, especially in developing countries. In particularphbints out that

“It is certainly unwise to suggest that all economies areaélyefficient
at reallocating inputs across sectors. ThiSedence will be reflected in
A(t), and maybe not only there [...] there are other non-tedyichl fac-
tors that could influence the level and growth of TFP. They auclude
the intensity of competition - domestic or foreign - ..., glacrity with
which the national economy adopts new technologies, arslttirilevel
and growth of TFP. You can just as easily imaging that the arhand
nature of regulation in a country caffect the diciency of resource allo-
cation, and thus the feective” level of TFP and quite possible its growth

rate.”
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This chapter provides some support to Solow’s comment bwistgothat policies or
regulations that increases the relative price of investroan dfect the #iciency of
resource allocation and the intensity of competition in eon®my causing large neg-

ative dfects on aggregate income.
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8 Appendix

Table 11.7: Informal employment and output.

Regioricountry Informal employment as % of Shadow Economy in 9
non-agricultural employment, 1920004 | of GDP, 199¢2000°
| North Africa ] 48 35.9
Algeria 43 34.1
Morocco 45 36.4
Tunisia 50 38.4
Egypt 55 35.1
| Sub-Saharan Africa | 72 37.16
Benin 93 47.3
Chad 74 46.2
Guinea 72 39.6
Kenya 72 34.3
South Africa 51 28.4
| Latin America 51 40.29
Bolivia 63 67.1
Brazil 60 39.8
Chile 36 19.8
Colombia 38 39.1
Costa Rica 44 26.2
El Salvador 57 46.3
Guatemala 56 51.5
Honduras 58 49.6
Mexico 55 30.1
Rep Dominicana 48 -
Venezuela, RB 47 33.6
] Asia ] 65 31.56
India 83 23.1
Indonesia 78 19.4
Philippines 72 43.4
Thailand 51 52.6
Syria 42 19.3
| Transition Economies 38.22 32.17
Armenia 45.3 40.3
Azerbaijan 60.1 50.7

5The data from informal employment is from ILO (2002).
SShadow Economy (in % offb GDP) using the DYMIMIC and Currency Demand Method. The
data is as reported in Schneider (2005).
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(Continued)

Regioricountry

Informal employment as % of
non-agricultural employment, 192000.

Shadow Economy in ¢
of GDP, 199¢2000.

Belarus
Bulgaria
Croatia
Czech Republic
Estonia
Georgia
Hungary
Kazakhstan
Kyrgyzstan
Latvia
Lithuania
Macedonia
Moldavia
Poland
Romania
Russia

47.1
36.4
324
18.4
39.1
66.1
24.4
42.2
39.4
39.6
29.4
45.1
44.1
27.4
33.4
45.1

40.9
30.4
27.4
12.6
33.4
53.2
20.9
33.6
29.4
29.6
20.3
35.1
35.1
20.9
24.3
40.9




Chapter Il

Monetary policy and the informal

economy

1 Introduction

Few would deny that unregistered economic activity is aifaevery country although
there is a general disagreement about its size. Diversigpofion is nevertheless
understandable as it is clear that obtaining informatiooualinregistered economic
activity is very dfficult due to the unwillingness of those engaged to admit iguably,
knowing more about shadow sectors of the economy, is of grgadrtance to policy

makers for various reasons:

() Large informal sectors imply that the statistics on whimolicy decisions are
made are wrong or, at least incomplete, thus renderinjeici/eness and un-

wanted side-#ects that may question the usefulness of such policies.

(i) There is interaction between the formal and informattees that is at least
twofold. The informal sector withdraws resources from tbhenfal economy

and enjoys certain public goods without paying for them. & same time, as

1This chapter is a joint work with Atanas Kolev.

68



1. Introduction 69

Schneider and Enste (2000) point out, nearly two-thirdhiefihcome earned in
the informal sector is spent on goods and services provigddrmal economic

activity.

(iif) In the absence of information about the informal seqtolicy makers do not
have feedback on the policies implemented. In other wordsegshe &ects
of policies on the informal sector are generally unobseivadght be the case
in many situations that despite observed desifféetts in the formal sector, the
overall economy is worseflo An example can be the design of social security
systems. Previous studies have found that social securdyuaemployment
insurance are desirable, however these can be designedhrasmvay that give
people incentives to look for jobs in the informal sector hieceiving unem-
ployment benefits and at the same time can provoke lower betrgation in the
formal sector due to high social security contributionsughll designed social

welfare system may increase the share of the informal seactbe economy.

In the literature on informal economic activities theresexdifferent definitions of the
informal sector of an economy. We find the most relevant forpuposes the def-
inition given by Schneider and Enste (2000). In particuee, call informal sector
all legal value-added activities that avoid taxation andna@n unregistered byjfcial
statistics.In this chapter we argue that thfexts of monetary policy on informal eco-
nomic activity can be very tlierent from those on thefiicially reported one. To this
point, we consider a two-sector monetary business cycleeiiadvhich one of the
sectors, which we call the formal sector, fegted positively by the liquidity féects
generated by monetary policy actions. The other sectorgchwive call the informal
sector, shrinks from expansionary monetary policy sinegibkup of inflation acts as

a tax on the transactions of this sector’s participants.
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There is a general agreement among economists that changesetary condi-
tions influence aggregate economic variables. In particaféer a monetary contrac-
tion output, employment, and inflation decrease. See, famgke, Christiano, Eichen-
baum and Evans (1996), Leeper, Sims and Zha (1996) for stoflibe US economy,
and Kim (1999), Canova and de Niéo{(2003) for studies of G-7 economies. Of
course, all studies analyze thfexts of money onfticially measured variables such
as GDP, industrial production, employment, etc. Accordmgarious studies, how-
ever, in most economies around the world there might be kg fange informal sector,
l.e. unregistered economic activity. Estimates vary a tooss studies and countries
but all reveal that a non-trivial portion of the economy id nwluded in the €i-
cially reported statistics. For example, in a comprehens#¢ent study Schneider and
Klinglmair (2004) find that the informal sector (IS) in 21 OE@Duntries is on av-
erage about 18 per cent of thé&ioially estimated GNP and that this share has been
growing for the past 20 years. The estimates for individaaintries range from 8.6
percent in US to 28.3 percent in Greece. These values are mgicér for develop-
ing and transition countries, averaging 41 percent and 8&perespectively. Itis, of
course, diicult to imagine government policies thafect only the dicially registered
economic activity and this motivates us to pursue a bettdergstanding of theféects
of monetary policy on the informal sector.

The idea that policy hadfects on the informal sector is not new. Various authors
analyze such problems fromftrent perspectives. Loayza (1996) constructs a sim-
ple endogenous growth model with a production function tis&s congestible public
services as inputs and in which the government cannot enfaympliance with the
tax code. This model is used to study the determinants andfithets of taxes and
regulation on the informal sector. Its analysis shows thahges in policy and quality

of government institutions that increase the size of therinél sector fiect negatively
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the rate of economic growth. Johnson, Kaufman and Shleif#97) analyze a model
of allocation of labor between thdfiwial and the informal sectors of the economy.
The government levies taxes on th&@al sector to provide public goods that increase
productivity. The informal sector neither pays taxes n@ aecess to public goods.
Instead, it pays fees to private agencies to provide thene diiality of these goods
depends on the revenue these agencies raise. The key jmredicthis model is that
economies can be in either of two distinct equilibria. In e governmentféers a
suficiently attractive combination of tax rates, regulatiomd @ublic goods and most
firms choose to stay in thefficial sector. In the other equilibrium private agencies
out-compete the government in providing public goods anttéenany firms stay in
the informal sector. Antunes and Cavalcanti (2006) const@ugeneral equilibrium
model with credit-constrained heterogeneous agents th&ermaccupational choices
over formal and informal businesses, contractual impédias and a government that
imposes taxes and regulations on formal-sector firms. Birtiodel the return from
being in the formal sector is better access to outside finambe numerical results
suggest that regulation costs rather than financial mankegifections account for the
difference in the sizes of the informal sectors of US and the Meditean Europe, but
this is exactly the opposite for countries with very weakoeoé¢ment systems. In sum-
mary, excessive taxes, social security contributions, ibstitutions and regulations,
especially on the labor market, tend to stimulate the untede@conomic activity.
Unlike fiscal policy and regulation fiects of monetary policy are not well studied.
Koreshkova (2003) documents a strong positive relatignbbiween the size of the
informal sector and inflation. Using a quantitative genecglilibrium monetary model
she shows that a theory of optimal taxation can rational@esghment incentives to
inflate in the presence of an informal (tax-evading) sec@ur work, however, has

somewhat dterent perspective than ours since it justifies certain tyj@nonetary
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policy in the presence of informal sector but does not aralybat are the féects of
such a policy on it. Caballand Pana&s (2004) analyze thefects of inflation on
tax compliance and government revenues in a monetary egondrare households
face cash-in-advance constraints on consumption purslaaskare exposed to random
audits by the tax enforcement agency. One of their findingkas higher inflation
stimulates tax evasion.

As a first step in tackling our problem we estimate a time sandex of the in-
formal sector in UK. We report some evidence suggestingrtiattetary policy &ects
the informal sector quite fierently from the formal one. Based on this observation we
build an equilibrium monetary business cycle model tharafits to explain why this
might be so.

The rest of the chapter is organized in six sections. Se&idascribes our em-
pirical study of the British informal sector. Sections 3 andetcribe a model that
accounts for the observations in the previous section. dlh@rfing two sections, Sec-
tion 5 and Section 6, discuss the calibration, numericaltgwi and results for the

model in Section 3. Section 7 concludes.

2 Estimating the informal sector in UK

In general it is very dtficult to estimate the informal sector as pointed out by Sderei
and Enste (2000) who review the existing methods of estonafi he authors suggest
that an approach called Multiple-Indicator Multiple-Cas#MIC) modeling is the
least prone to the critiques directed to existing estinmasivategies. We follow this
advice and use a dynamic version of this approach (DYMIMIG3gtmate the infor-
mal sector in UK. Using the time series index resulting frdms estimation we then

analyze the statistical relationships between this eséimad aggregate variables such
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as GDP, the interest rate set by the monetary authoritypwannonetary aggregates,
etc. with the intention to infer thefiects that changes in monetary conditions exert on
the informal sector.

The empirical method that we use is based on the statistiealy of unobserved
variables, which considers various causes and variousdtuals of the phenomenon
of interest. For the estimation, a factor-analytic apphogaised to measure an index
of the unobservable variable over time. The fioeents are estimated in a system
of structural equations in which the unobserved variablemoabe measured directly.
The DYMIMIC model consists of two general parts, the measienet model and the
structural equations model. The structural model spedifieselationship between
the unobserved variable, in our case the informal sectar tlam set of variables that
are assumed to influence it, see equation (lll.1a). The meamnt model links the
unobserved variable with another set of variables that sseraed to be indicators for
the shadow economy’s development, thus capturing thetstalcdependence of the
informal sector on variables that may be useful in predictta size and movements
over time, see equation (Ill.1b). Nowadays, there is a lditgeature on the causes

and indicators of informal activity. Summarizing, causas be among the following

types,

() The tax burden is pointed out in almost all studies, batipeical and based
on theoretical models, as the main cause for the existenae iofformal sector.
The argument is that increasing tax payments and sociatigecantributions
give incentives both to workers and employers to avoid ragatine (full scale)
economic activity they are engaged in. Thus we expect esohdficients for
variables representing tax burden in the structural egnéb have positive signs.
As proxies of the tax burden we use the ratio of total direct adirect taxes

to GDP, the ratio of social security contributions receibbgdhe government to
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GDP, and total government receipts to GDP. A note of cautrmulsl be added.
In some cases this positive correlation is reversed aslinvitaere relatively low
tax burden co-exists with high informal sector and the Soewkan countries,

where the tax burden is high but the informal sector is nethtismall.

(i) Generous social welfare systems give incentives fapte to work in the in-
formal sector since by accepting a formal-sector job theg kheir (potentially
large) welfare benefits and in addition pay income taxes aviynearned in-
comes. Thus the alternative of working in the informal seetad keeping the
benefits plus non-taxed earnings can easily have a higheffpdyp account for
this we use the amount of social benefits paid by the goverhasea fraction
of GDP. As with the tax burden we expect the estimatediments on these

variables in the state equation to have positive sign.

(i) Koreshkova (2003) points out that larger informal 8®s co-exist normally with
higher inflation. At the same time since price inflation asta#ax on cash hold-
ings it can decrease the motivation of people to participatiee informal sector
or at least to use cash transactions. In the presence ofttheseunterbalancing
effects the expected sign on inflation-related variables isgumolis. We include

CPI as one of the causes in our estimation.

A change in the size of the informal sector over time may bectdd in the following

indicators:

(i) Developments of the product market. Changes in size oifirif@@mal sector
mean that inputs, particularly labor, are redirected frantoothe formal sec-
tor which most likely has féects on formal GDP size and fluctuations. Other,
complementarity ects are also likely. For example, a considerable part of the

income earned in the informal sector is spent on goods arnaesiproduced by
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the formal sector. As production market indicator we usé@EP and as noted

above it is dificult to determine the expected sign of the estimatedfiooent.

(i) Developments of money markets. Informal sector tratisas are paid mostly
in cash in order to avoid being registered by tax authoriied thus changes
in the informal sector introduce changes in the demand feh,cather things
equal. Therefore we expect positive sign of the estimatettic@nt on IS in
the measurement equation that represents developmentsra@ymarkets. Our

indicators are currency in circulation or currency in cletion divided by M2.

(i) Developments of labor markets. Increases in inform@ttor activity requires
more labor input and therefore leads to decreases in thigipatton in regis-
tered economically active population. We use as an indieatdhis market the
rate of economically inactive male population. We choosadok only with
male population since female labor force participatiorhia last forty years has
been predominantly driven by factors unrelated to shad@m@mic activity. To
achieve identification of the model we fix to unity the file@ent on IS in this

measurement equation.

Table Ill.1 reports the variables used in the present study.

2.1 The econometric model

Let the latent variable; denote the time-index of the informal-sector output. L&t =
[z11, 22y, - . ., Zt]” denote a vector dftime- causal variables, and = [yit, Yar, - - -, Yoil’

denote a vector of time-observations op indicator variables. We consider the fol-



2. Estimating the informal sector in UK 76

Name Description

CPI CPI, Harmonized Consumer Price Index

GDP Real GDP, chained volume measures, 2001 prices
CURR  Currency outside banks

Taxbl  Government receipts

Taxb2  Total direct taxes

Taxb3  Total indirect taxes

Taxb3  Social security contributions to Government
URATE Unemployment rate, registered

RUWC Real unit wage costs

EIAM  Economic inactivity rate, males 16 years and more

Sben Social security benefits paid by Government
BR The interest rate set by the Bank of England
M2 M2 monetary aggregate

Table 1l1.1: Variables used in the estimation. Data souré@EBCD Economic Out-
look, OECD Paris; International Financial Statistics, IMRSNington, D.C.; @ice of
National Statistics, London UK.

lowing state space model,

X = FXt_1+GZ(+Vt, (I”la)

Y, = H % + A'Z + W, (I1.1b)

fort =1,..., T and with independently, normally distributed, mean zerorsy
~N|{O, (11.2)
0

whereF, G, H, andA are conformable matrices of dhieients. We estimate the model
using a combination of the EM algorithm and scoring as disedsy Watson and
Engle (1983). The unobserved component is handled via tiragefilter. We have

tested all variables for non-stationarity starting witk thypothesis of 1(3) against the
alternative of 1(2) and going down to I(1) against I(0). Taasriables for which tests

do not reject I(1) are transformed into percent growth rafésble 111.2 reports the
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results from the Augmented Dickey-Fuller tests for noriigterity.

Variable () vs. I(2) 1(2)vs. I(1) 1(1)vs. 1(0)
CPI Reject I(3) Reject(2) (1)
GDP Reject1(3) Reject1(2) (1)
CURRM2 (CM2) Rejectl(3) Rejectl(2) 1(1)
TaxbYGDP RejectI(3) Reject(2) I(1)
URATE Reject I1(3) Reject 1(2) 1(1)
RUWC Reject I(3) Reject(2) (1)
EIAM Reject I(3) Reject(2) (1)

Table 111.2: Results from Augmented Dickey-Fuller tests.| ®driables are trans-
formed in logarithms and tested down for stationarity sigrivith Hy : Integration

of third order.

We should underline that the estimation method allows ug¢over only a unit-free

index of the informal sector. This is, howeverfistient for our purposes since we are

interested only in the co-movements with other variable=r dhve business cycle and

not in the particular size of the informal sector.

2.2 Estimation results

After trying various specifications for the state variabigdrmal sector) process and

using diferent causal variables we pick a model with an AR(2) procesth®infor-

mal sector and five causes: the unemployment rate, the cemguice index, the share

of government receipts in GDP, the social benefit paymenth&yGovernment as a

fraction of GDP, and real wages. Table 111.3 contains therestes of the coicients

of the model in (1ll.1). All causal variables, except the omoyment rate, are statis-

tically significant and have the expected sign. Accordinguo estimation increases

of inflation, the tax burden, and social benefits all influepaositively the size of the

informal sector. High wages in thefwial sector, however, tend to reduce the size of

the informal sector, i.e. as the opportunity cost to workimthe informal sector rises,

perhaps more workers decide to look for job in the formal@ect
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State equation
Parameter Estimate St. error p-value
Informal Sector(-1) 0.1654 0.1394 0.2382
Informal Sector(-2) 0.5489 0.1496 0.0004

URATE -0.0212  0.0254 0.4057
CPI 0.1534 0.0673 0.0249
TaxbyYGDP 0.0622 0.0371 0.0969
SberiGDP 0.1897 0.0823 0.0232
RUWC -0.1808 0.1088 0.0997

Table I11.3: Parameter estimates of the state equationrigeatF and G) of the
DYMIMIC model defined by (l11.1) and (Il1.2). The cdgcient of the informal sector
in the first measurement equation is normalized to one teeaehdentification.

For the purpose of comparison with other studies Figur& giesents our estimate
of the informal sector as percentage of thigotal GDP estimate. To obtain this graph,
however, we need an estimate not only of an index of the irbsactor but, in ad-
dition, we need an estimate of tlaetual size To this point we take the estimate of
Schneider and Klinglmair (2004) of tistzeof the British informal sector in 1990 and

use it to calibrate our index. Our estimate proves to be riyuginsistent with the liter-

Estimated informal sector as percent of official GDP in UK 1971:1- 2004:4
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Figure Ill.1: Estimate of the UK informal sector as perceetaf GDP.

ature. Using the currency demand approach, Bhattachar@@g®d)lestimates that the
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share of the informal sector irfiicial GDP has risen from 6.4 percentin 1971:1t0 8.18
percent in 1984:4 whereas our estimate for the period is@ease from 4.48 to 9.78
percent. Table Il1l.4 compares our estimate with those oh8icter and Klinglmair

(2004) who pursue the same estimation approach as we do.

Study Average Average Average Average Average Average
198990 199495 199798 199900 200302 200203

SK (2004) 9.6 12.5 13.0 12.7 12.5 12.3

This study 9.5 11.1 11.2 10.9 10.6 10.5

Table 111.4: Comparison between our estimates and thosategpby Schneider and
Kligimair (2004).

To get an idea about the statistical relationship betweenndormal sector esti-
mate and various monetary variables we estimate a five Van#R using quarterly
observations from the first quarter of 1971 to the fourth tgrasf 2004 for the follow-
ing variables: our estimate of the informal sector, real GOIPI, the interest rate set

by the Bank of England, and M2. Table 111.5 reports resultsrirte 15 step-ahead

Period IS GDP CPI BR M2
5 68.32 2049 6.31 298 1.90
10 41.30 29.59 14.06 14.12 0.93
15 30.61 28.67 19.64 19.51 1.58

Table I11.5: Variance decomposition of 15 step-ahead faseerror of the growth rate
of the informal sector resulting from a 5 variable VAR contag besides the esti-
mate of the index of the informal sector, GDP, CPI, the polatgset by the Bank of
England, and M2.

forecast error variance decomposition, computed with Gikoldecomposition and
variables in the order above. A brief inspection of this ¢éatxnfirms that the policy-
set interest rate plays an important role for our estimatheBritish IS. As long as the
Bank of England’s policy rate reflects its monetary policynsawe cannot deny that
there is an interesting statistical relationship betwagnestimate of IS and monetary

policy. Figure 111.2 gives us further information aboutghielationship. We estimate
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that a one standard-deviation (orthogonalized) positiek in the interest rate causes
a statistically significant increase in our informal-se&stimate and this is exactly the
opposite to the estimated response fiifctal output. These two results are present in

VARs estimated with variables both in levels and percent glioates. According to

Response of Informal sector and real GDP to a one s.d. impulse in Bank rate
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Figure I11.2: Impulse responses of the estimate of the inefé¥K informal sector and
real GDP to a shock in the Bank of England policy rate resultrogh a 5 variable
VAR containing besides the estimate of the index of the mfarsector, GDP, CPI, the
policy rate set by the Bank of England, and M2.

our estimates an increase in the interest rate causes ansexpaf informal sector
activity while the dficial sector contracts. How could one justify such a finding® W
think that a possible explanation could be the followings hvidely accepted that in-
formal economic activity is not financed by banks and oth#&cial credit institutions
and financial transactions are made mostly in cash. Thusualiiyg effect created by
a monetary policy action does not have the direct conse@seahat it has on formal
business activity, rather theéfects can be indirectly passed through tlfiec@l sector.
For example, if a monetary contraction decreases outpytlagment, and inflation
there would be more workers that in the face of unemploymentidvchoose to work

in the informal sector. Further, since inflation acts as aotaxash transactions, such
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a policy action reduces this tax and this spurs the econoaticity in the informal

sector.

3 A Theoretical Model

To study the &ect of monetary policy on informal economic activities, \wearporate
an informal sector into a monetary general equilibrium bess cycle model proposed
by Cooley and Quadrini (1999). In the model there are two tygddctions. Labor
market frictions that generate unemployment, and a casithiance constraint that
generates demand for money. Business cycle fluctuationsrien dy a monetary
policy shock. The labor market frictions allow us to studg #fect of monetary policy
on the creation and destruction of jobs, as well as on theatilon of time between
formal and informal activities.

There are three sectors in the economy: a household’s saegtooduction sector,
and a banking sector. There is also a monetary authoritycthratols the supply of
liquidity (money) available for transactions in the econyorin the production sector
there are two types of firms: industrial or formal firms anemnfial or extralegal firms.
Both types of firms produce the same good, but they userdnt technologies. House-
holds own two types of assets, liquid and illiquid, and areutimate owners of firms.
Households enjoy leisure and the consumption of a single-typod produced in both
sectors. Due to frictions on the labor markets, an individuaks only if he or she is
matched currently with a formal-sector firm. Otherwise sachndividual divides his
or her time between job-search and informal economic agtivi

In the beginning of the period households observe theirectiremployment sta-
tus, employed in the formal sector or unemployed, and bugsiepfrom the banking

sector. The monetary authority trades government bonds tvé financial interme-
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diaries, which determines the amount of liquidity avaiéabbr formal firms’ loans,

L = Deposits— Bonds. Formal firms use these loans to advance wages to their em

ployees. When workers receive their wages in the formal segtoduction begins,
the labor market opens, and firms post vacancies. Unemplogedduals divide their
time between searching for a job in the formal sector and imgrkn informal ac-
tivities. Once production have taken place the labor marleges, new matches are
formed and firms carry their production to the goods marketnfal employees carry
their cash and current period wages to the goods market, rmdployed individuals
carry only their cash, since proceeds from production initifiermal sector are not
available for consumption until next period. This last asption gives expected infla-
tion a role in determining the allocation of hours to infofraativities since inflation
acts as a tax on informal production. At this stage conswnptkes place.

In the end of the period firms repay the loans to the financiakimediaries, the
government collects taxes to pay for the interests on bamts workers receive the
return of their deposits and the profits of formal firms. In témaining of this section

we explain in detail the problem faced by each of the paidicip of the economy.

3.1 The monetary authority and the intermediation sector

The monetary authority controls the supply of liquidity (ney) available for transac-
tions by conducting open market operations, that is, bylmasing and selling govern-
ment bonds. We assume that the total nominal stock of publit id constant. What
changes is the fraction of it that is in the hands of financisdnmediaries, i.e. part of
this stock is owned by the monetary authority and part is @pethe banking sector.
The nominal value of public debt or government bonds ownetthbyanks is denoted
by B. Transactions in government bonds take place between tinetary authority

and the banks. For simplicity we assume that the interedtgabonds owned by the
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private sector (banks) is financed with non-distorting $axe

The quantity of liquid fundsiM, available in the economy is constant. Part of these
funds are held by households for transactions and the reieais deposited with
banks. Banks collect these deposits from households anthersetd buy government
bonds and to make loans to firms. Consequently, in each peamoamountM — D of
money, whereD denotes the aggregate stock of nominal deposits, is alaitatine
households for transaction and an amadDnt B is available to the firms. The sum of
these two stocks gives the total amount of money used fosdidions, that iVl — B.

Although we assume thddl is constant, the monetary authority is able to modify
the stock of money used for transactions by changing th& stiquublic debt outstand-
ing with open market operations. When the monetary authputghases public bonds
from the banks, the quantity of loanable furids- B available to the intermediation
sector increases (for a given stock of depoBijs and this increase in the supply of
loanable funds has the potential to drive the interest ratend

To insure that open market operations change the supplapélde funds, we need
to impose some rigidity in the ability of the individuals tdjast their stock of deposits.
We assume that individuals are able to change their stockmisits at any moment but
there is a readjustment cost associated with doing so. Wateléms cost byr(d, d")
whered is the current holding and’ the new chosen stock. The adjustment cost
function is continuously dierentiable in both arguments and convex in the absolute
change of the initial stock. We also assume thdtd) = 7,(d, d) = 7»(d, d) = O, that
is, the cost and the partial derivatives are zero wherdthed’.? The advantage of

this approach over the standard limited participation rhadthat liquidity efects of

2As Cooley and Quadrini (1999) note this cost can be justifigghdnalties that banks charge on
earlier withdrawals and by lower interest rates earnedarfitbt period in which a new deposit is made.
Such penalties are justified by the costs that banks incuefatjusting their loan portfolio. Of course,
in this model, deposits should not be understood as chededpgsits but rather as less liquid assets that
earn higher interest.
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monetary shocks are more persistent even though they mayn&l&esin the current
period?

The monetary authority controls the growth rate of the ag@pes stock of money
M — B with open market operations. Monetary policy shocks arevations to the
targeted growth ratg. We formalize the monetary policy rule with the AR process
log(1+g') = pglog(1+ g) + €, where the prime denotes the next period valuessgnd

is the monetary policy shock.

3.2 Households

In the household’s sector there is a continuum of individual the interval [01].
Households maximize the expected present discounted gathe sum of per period
utility:

Y |7’

°° 17 _
Bo ) f|a—x—r - (L) (In.3)
t=0

it
Y |
wherec is consumption of market produced gooldss the time spent working in the
formal sector); is the time spent working in the informal sector if the indwal is
unemployed, ang is an indicator function taking the value of one if the indval
iIs employed in the formal sector and zero otherwise. Onlympieyed individuals
can work in the informal sector. In order to work in the forrsattor, an unemployed
individual needs to search for a job. However, there is neallicost of searching and
the probability of finding a job in the formal sector dependsipvely on the time
allocated to search. The opportunity cost of searching foban the formal sector is

the forgone gain from working in the informal sector.

Households are the owners of all firms in the economy and éssidn two types

3Under the assumptions of the standard limited participatimdel, even if the transfers from the
monetary authority are persistent, the greater avaitglafifunds in subsequent periods will be mostly
compensated for by a reduction in the stock of deposits ovegeatbuseholds. With adjustment costs,
households do not completely adjust their nominal stockepiodits in the following period either, and
this induces a more persisterfezt of monetary policy shocks.
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of assets: cash and nominal deposits. Households maxinpeed utility subject to

two constraints. First, they face a cash-in-advance cainstihat takes the form:

p(c+7(d,d)) <m—-d + x pws (111.4)

where primes denote the next period valoes the household’s nominal holdings of
money,7(d, d’) is the cost of readjusting the nominal portfolio of depssfi is the
nominal price level, ands is the wage received at the beginning of the period in cash
if the individual is employed in the formal sector. Nominajbsits receive a nominal
interest rata at the end of the period. The second constraint househatdsidathe

budget constraint, which can be written as

pc+rd,d)+m=m+rd +y pws+ QL —-x)pwW + pr—rB, (111.5)

wherew; is the real labor income from informal activities,is it share of aggregate
profits from firms, andB are the taxes that the household pays. Note that the income
earned in the formal sector is available for purchasingenurmarket consumption,
while the income earned in the informal sector is receiveti@end of the period and

Is available for consumption in the next period. As pointed leefore, this feature
affects workers incentives to work in the informal sector whepeeted inflation is

high since inflation acts as a tax on informal activities.

3.3 The production sector

In the production sector there are formal and informal firriie production tech-
nologies in both sectors take labor as the only input. Thedenblogies dier across
sectors. The technology in the formal sector exhibits @niseturns to scale, and the

technology in the informal sector is assumed to exhibit e&sing returns to scale. In
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particular the production of an unemployed individual whoaatel; units of time op-
erating an informal businessygl;) = 5,Al’, whereA is the technology in the formal
sector and, represents the relative productivity of the informal secetith respect

to the formal. We assume théf < 1 which guarantees that in equilibrium the in-
formal sector size is well defined: a positive amount of laballocated to informal
businesses since limy Y/ (l;) = . The assumption of a decreasing marginal product
of labor in the informal sector is motivated by the empiritatiing of Lemieux et al.
(1994) that after-tax wages earned in the formal sector egatively correlated with
the hours worked in the informal sector.

The production in the formal sector requires firms and wakeibe matched. The
current aggregate state of the economs is (g, B, D, N), whereN is the number of
workers that at the beginning of the period are matched wiittma The production of
a match in the formal sectorys = Al;—¢, wherey is the non-labor cost of production.
The costy is idiosyncratic to the firm and is assumed to be indepengent identi-
cally distributed across firms and time with distributiométionF : [0, o] — [0, 1].
Both the firm and the worker observe the cost shock at the biegjrof the period
and decide whether to continue the match. If the realizadfche cost shock is high
enough, it would be unprofitable for the match to continues Fdue ofp above which
the firm decides to shut down is denoteddfg) and it is a function of the state of the

economys. The aggregate technology level is assumed congtanA.

3.4 Matching process and the dynamics of employment

At the beginning of the period there edematches in the formal sector, and the measure
of workers employed in the formal sector that produce in tmeent period is equal to
F(¢(s))N. Thus, a total of

u(s) = 1 - F(e(s)N, (111.6)
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workers will not produce in the formal sector during the pdrilndividuals who do not
produce in the formal sector during the period allodateurs of their time operating
an informal business and the rest in searching for a job infdhmal sector. The
measure of hours allocated to informal activities is thefs) and the measure of hours
devoted to search is @l;)u(s).

The number of matches in any period is given by a constamrétscale matching
function¥(vp, un), Wherev,, is the total measure of vacancies posted by formal firms
during the period andj is the total measure of hours devoted to search. In the gresen
caseu, = (1 - l)u(s). We also assume th&(vp, up) is strictly increasing in both
arguments and satisfy some standard regularity condifiomie probability that a
searching firm finds a worker is denoted.bys) and it is equal to¥(vy, up)/Vp, While
the probability that an unemployed worker who allocateswmtof time seeking for a
job in the formal sector finds a job is denoted Q)(s) and it is given by¥(vp, Uy)/Up.

The total number of matches, therefore, evolves according t
N(S) = F(e()N + ¥(vp, (1 - l)u(s)). (1.7)

3.5 Wage and labor supply determination

To determine wages and working hours firms and workers soNMash bargaining
problem in which workers bargaining power equalsThe Nash bargaining problem

is defined as

maxJ(s, ¢)(W(s, ¢) — U(9))". (111.8)

4These conditions are:

‘P(O’ uh) = lIJ(Vp, 0) = 0’
||m ‘Ilvp(Vp, uh) ||m lFuh(Vp, uh) = O,
Vp—0oo Up—00

lim ¥, (v, lim ¥, (v, = 0.
Vp0 vo(Vp, Un) el ur (Vp, Un) = o0
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whereJ(s, ¢) denotes the value of a match for the fi'i(s, ¢) the value of a match
for a worker, andJ(s) the value of being unemployed.

Firms implement optimal production plans to maximize thdfave of their own-
ers. They have to pay wages in advance in cash, and they fithese advance
payments by borrowing from a financial intermediary at thenimal interest rate.
Since dividends are paid at the end of the period, indivelmaled to wait until the
next period to transform this cash into consumption. Thiplies that the current
value in terms of consumption of one unit of cash receiveti@end of the period is
6(s) = BE(p(s)/p(s)). The value of a match for the firm measured in terms of carren

consumption is given by

&9
J(S,so)=5(5)7T(S,90)+ﬂEfJ(S’,90’)dF(90’), (11.9)
0

wherern(s, ¢) = Als — ¢ — (1 + r)W(s, ¢) is the profit of a type g, ¢) firm at the end of
the period. This profit equals the output produced by the fitnusithe non-labor cost
¢ and the labor cost (% r)w(s, ¢), which consist of the wage(s, ¢) plus the interest
paid by the loan used to financed the advanced payment of tie. wa

Unmatched firms, or firms whose matches terminated, may ehtwosnter the
labor matching market and post vacancies. The cost of mpstigacancy ik per
period. If 1¢(9) is the probability that a vacancy is filled, free entry eesuthat firms

post vacancies until the expected return of posting a vaoaqealsk. That is until

@(s)
BAH(E f J(s, ¢ )dF(¢) = k. (111.10)
0

With respect to workers we have that the value of a match amddtue of being
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unemployed in terms of current consumption are defined as

|7

W(s ¢) = W(S, ¢) - ;f + T [(s)] + BEU(S), (I1.11)

U(s) = ml_ax{é(s)yi(li) — % + (1= 1)A(9)T [¢(S)] +ﬁEU(5’)}, (I1.12)

where the functior’ is defined as,

@(s)

I'[(s)] = BE f[W(g,sO’) —U(s)ldF(¢') -

0
First, notice that the value&/(s, ¢) andU(s) are defined in terms of consumption net
of the disutility from working. Having in mind that these tvilanctions represent the
value of being employed in the formal sector and the valuesgigpunemployed, one
can interpref” as the expected discounted surplus of a worker from workantpe
formal sector in the next period. The first two terms on thatrigand side of equation
(111.11) represent the net value for a worker from workinglie current period, while
the last term denotes the expected discounted value of bei@gployed from next
period on. Equation (Ill.12) represents the value of beingmployed as the sum
of the net gain from working in the informal sector (the finsbtterms on the right-
hand side), the expected surplus from working next periawitmnal on devoting
(1 - I;) units of his or her time on searching (the third term), andlliirthe expected
discounted value of being unemployed from next period on.

The first order condition of the Nash bargaining problem&)itan then be written

as

nd(s.¢) = (1 -n)(1+1)o(s) [W(s ¢) - U(s)] . (1.13)

Using equations (111.9) to (111.13) we derive the waggs, ¢) as a function of the labor
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inputsl; andl¢. This is given by

A 1A
wW(s ¢) = 1 +nr(s)(AIf @)+ (1-7n) (5(S)yi(|i) - ;' + ;f] (1.14)

kn 1 1
S {[1 Ol R [6(3) i r(s)]]}'

The solution of problem (111.12) implies that the optimapurt of labor allocated to

informal activities|l;, is implicitly defined by the equation

v-1 _ kl] Aw 1
o(gyi(h) - _1—nA_fE{5(s)[1+r(s')]}' (11.15)

To determine the optimal input of labor in the formal sectarkers maximize the

surplusW(s, ¢) — U(s) with respect td¢, which implies that

A \Y0-D)
) . (11.16)

|f(5):(—

1+

This equation implies that the labor input, and therefore)'§ output, is decreasing in
the nominal interest rate This is because the interest rate increases the margisial co
of labor. This has important implications for the impact admetary policy shocks on
real activities.

A successful match is endogenously discontinued when tlieaéion of the shock
makes the value of workers’ surplus zero or negative, W&s, ¢) — U(s) < 0. This
condition implicitly defines the upper bound shag(s) as the solution o¥V(s, ¢(Ss)) —
U(s) = 0. By equation (I11.13) the value of a firm a(s) equals zero. This means that

workers and firms allways agree on wheather to form or mairgtaelationship.
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3.6 The household’s problem and general equilibrium

In this section we describe the household problem writteedursive form after nor-
malizing all nominal variablegB, D, m,d, p), by M. To keep notation relatively sim-
ple we do not change the names of these variables. Recalhthaggregate state of
the economy was: the growth rate of morgythe normalized stock of government
bondsB owned by the intermediaries, the normalized stock of nohdepositsD,
and the number of workend that at the beginning of the period are matched with a
firm. The individual states are the occupational stgtuhe stock of liquid assets,
and the stock of nominal deposids We will denote the set of individual states with
§= (v, md).

Let © denote the share of aggregate profits of the formal sectdorighequally
distributed at the end of the period to households and lefithetion H(s) define
the law of motion for the aggregate state vector,Then denoting with(s, ) the

household’s value function, the household’s problem bexom

14 Y
sy = max{c o~ — (@ - )t +BEQ(S, §)} (111.17)

c,m o’ Y Y

subject to
c = m;d/ W= 1(d, d), (11.18)
m = (L+nd +pr+ pL-yill) - 1B, (111.19)
o= n(s, )dF(e), (111.20)
/

s = H(9), (1.21)

After substituting the cash-in-advance constraint, aqudtll.18), and the budget con-

straint, equation (111.19), in the household’s utilityethousehold’s problem reduces to
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the choice of the variablé. Differentiating with respect td¥ we get

B(l+r)E (5) — pl72(d, d’) + BE(71(d’,d”))] = 1. (11.22)

Without the presence of the adjustment cost the equatioridareduce to the usual

Euler equation & B(1 + r)E(p/p’).

4  Equilibrium and the steady state

A recursive competitive equilibrium is defined as a set otctions for (i) household
decisionsc(s, §), n7(s, §) andd'(s, §); (ii) labor inputsl¢(s) andli(s), wage in the for-
mal sectom(s, ¢) and exit decisiorp(s); (iii) aggregate depositd(s), banks’ holding
of government bond8(s), loansL(s) and employmenN; (iv) interest rater(s) and
nominal pricep(s); (v) law of motionH(s) for the aggregate state. Such that: (i) the
household’s decisions are the optimal solutions to thedimnid’s problem (111.17); (ii)
the labor input in the informal sector satisfies equatiohl(®), the labor input in the
formal sector satisfies equation (l11.16), and the exit ¢owl maximizes the surplus
of the match; (iii) the market for loans clears, thabigs) — B(s) = L(s), andr(s) is the
equilibrium interest rate; (iv) the law of motion of aggrégatatedH(s) is consistent
with the individual decisions of households and firms.

In a steady-state equilibrium all variables are constarite 3teady-state interest
rate can be derived from equation (111.22) and it is givenrby 1/8 — 1. Once we
know the interest rate, we are able to determine the steady state labor input in the
formal sectot; from equation (l11.16). Then the steady state equilibritam easily be

characterized using the following system of six equatiortse six unknownsy, |;, u,
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N, D, p, andy. All nominal variables are normalized iy.

, [ KF(@) K
g Of "R + B o = T T (1,23
y— v-1 _ k77 VP
VoAl =177 = T Aoy (111.24)
O k@ =1)Aave, (A=)
PRy T mang 0 2
¢ (1-D) ¢
N [ (Ady - 9)dF(g) — kvp + U (1) = N [WedF),  1.26)
! 2]
PN [ wigdF() =D - B, (1.27)
0
(L= 1)V (1 = 1)U)U = (1= F@)N, (111.28)
u=1-F(@N. (111.29)

Equation (111.23) is the free entry condition for firms. Edoa (111.24) is the first
order condition for the supply of labor in the informal sectind equation (111.25) is
the exit condition. Equation (111.26) is the aggregate esshdvance constraint for the
households and equation (I11.27) is the equilibrium caodiin the market for loans.
Equation (I11.28) is the flow of workers in and out of employmheand equation (111.29)

is the measure of workers that do not produce in the formabsec

5 Calibration

The parameters that describe household preferences adestoaint factop and the
disutility parametety. Choosing the time period to correspond to a quarter of a year,
B is set to 098, implying a steady state interest rate of approximaté&byp2r quarter.

Since in the economy there is no growth in nominal varialtlessteady state nominal
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interest rate is equal to the steady state real interest Astén Cooley and Quadrini
(1999), we assume that the disutility function is quadratid, therefore, we set= 2.

We follow Cooley and Quadrini in choosing a Cobb-Douglas matgtiunction
of the form¥(v,, uy) = ,uv‘;uﬁ. We seta = 0.4 and/ = 0.6 based on the estimates
of Blanchard and Diamond (1989). Cooley and Quadrini (1999IsW(2003), and
den Haan, Ramey and Watson (2000), .fix = 0.7. Based on Cole and Rogerson
(1996) , we set the average duration of unemploymenitat quarters, which implies
Ay = 0.6. With the values oft; and A,, we are able to determine the last parameter
of the matching functiopu. We set the sharing parametge 0.5. The value of this
parameter is important for the volatility of employment Imatt for the shape of the
response of employment to shocks.

The production functions are characterized by the stohpstperties of the id-
iosyncratic shock and by three parameters: the aggregated®gy levelA, the return
to scale parameter of the informal sectpand the relative productivity of the informal
sector with respect to the formal sectyr Given the steady state interest ratand
using equation (I11.16), the parametaiis determined by imposing the condition that
each employed worker in the formal sector spends, on aveoagehird of the avail-
able time working. Lemieux et al. (1994) estimated the retorscale parameter of
the informal sector for Canada to b& 8, with standard error.0. Based on the survey
by Schneider and Enste (2000), which argues that the U.SCandda have similar
informal sector size, we consider this estimate of the degod scale is reasonable
to be used as our benchmark parameterhe relative productivity between informal
and formal firmss,, is the one that matter most for the allocation of time betwiben
sectors. This parameter controls the size of the informabseAlternative estimates
of the size of the underground economy in the U.S. range frat% 6o 139%, with

an average of 10% of GDP (Schneider and Enste (2000)). Bas#dsonbservation
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we determin&,, by imposing that the production of the informal sector egu#l% of
the production in the formal sector.

For analytical simplicity, we assume that the non-labot gois distributed expo-
nentially with distribution functionp ~ e¥/?/6. The parametet is determined jointly
with the parametek by imposing that the steady state measure of individualsdiha
not produce in the formal sector equals 18%, and that théragei condition for the
creation of new vacancies is satisfied. Notice that we defieeteasure of individuals
that do not produce in the formal sector as the sum of uneredlaydividuals, which
is assumed to be 6%, plus the informal labor.

The ratio of the stock of public debt to aggregate final outpassumed to be.D.
This value, however, does ndfect the properties of the economy.

The growth rate of money follows the process log(@) = pgl0g(1+ Q) + €, with
eg ~ N(O, US). The parameter values grg = 0.49 andoy = 0.00623, which are those
used by Cooley and Hansen (1989).

Finally, the adjustment cost function is specified-ét d’) = ¢((d’ —d)/d)? and the
value of the parameter is determined to obtain the desired volatility of the norhina
interest rate: the highes is, the higher the volatility of the interest rate. The value

chosen for the baseline modelkis= 3.

6 Results

Figure 111.3 illustrates the impact of a negative monetanpck, a decrease in the
growth rate of money. SinceM is constant, a decrease in the growth rate of money
increases the nominal amount of the public dBlmwned by the banks. An increase
in B reduces the liquidity available for transactions in theregoy and causes a per-

sistent increase in the nominal interest rate as observiedjure 111.3(g). An increase
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monetary shock.
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in the nominal interest rate reduces the present value ofuston and increases the
production cost of formal firms by making loans more costljze3e &ects generate
an increase in the job destruction rate causing a fall in @m®mployment and hours
and, as a consequence, a decline in the output produced byrthal sector.

The increase in the job destruction rate causes an incredbke imeasure of job
searchers and reduces the probability of finding a job indh@#l sector thus creating
a substitution ffect for unemployed workers from searching for a job in thenfalr
sector towards working in the informal sector. Thifeet induces a rise in the amount
of hours per individual allocated to informal activities.p@t from this substitution
effect, changes in expected inflation aldteat individuals’ incentives to work in the
informal sector, since expected inflation acts as a tax arnmdl activities. The re-
duction in expected inflation increases the present valuafofmal production and
makes more appealing the work in the informal sector. Thiscetogether with the
substitution &ect explain the increase in hours worked in the informalweaiter the
first year. Both the increase in the number of hours workederiritformal sector and
the increase of informal labor supply caused by the fall mfal employment lead to
an increase in the output produced in the informal sectohasis in Figure 111.3(a).

These results are consistent with the stylized facts of taop@olicy mentioned in
the introduction that after a negative monetary shock dwtpd employment observed
decrease, which in our model corresponds to output and emyelat of the formal
sector. More relevant in our case is that these results ace@nsistent with the
empirical evidence we have presented that output in thenrdbsector increases after
a contractionary monetary shock, which suggests that aaxiidnary monetary shock
induces a switching of activities from the formal towarde thformal sector. Since
firms in the informal sector use a less productive technolbgy formal firms, this

switching of activities still has a modest negatiféeet on output, but much smaller
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than the observed in the formal sector.
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Figure Ill.4: Percentage deviation from the steady-staiesed by a contractionary
monetary shock. Large informal sector.

Figure 111.4 shows the response of an economy with a largarinél sector, 25%
of formal output, to a negative monetary shock. To genelasesconomy we increase
the productivity of informal firms with respect to formal fisrfromd, = 0.4665 to
0, = 0.5131. The response of the economy is qualitatively simiaraimost all
variables. The main observation is that the responses ierland more persistent

than before. Thefect on total output, however, continues to be very small.
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7 Conclusions

Many studies have found that informal economic activityfiaa in market economies.
Some claim that its share in measured GDP has been increagorghe last 20 years
to make the informal economic sector a significant phenomeémanany countries.
For this reason, it is important that policy makers have g&beinderstanding of both
the causes of informal sector activity and its reaction tonecnic policy measures.
While there exist studies on thé&ects of fiscal policy, social welfare, and institutions’
quality on the informal sector we lack understanding of hibwat all, informal sector
activity is dfected by monetary policy. This paper makes a step towardeasig
potential éfects of monetary policy on informal sector activity and ustending the
mechanism behind theséects. Our first findings are that informal sector activity re-
acts very diferent to monetary policy than that in the formal sector. Ideorto get
some insight of this somewhat surprising result we begindayrening the diferences
between the two sectors. In our opinion, two importafitedences have the potential
to explain this result. First, informal sector activity tgally does not have access to
external financing and therefore is not directly influencegdiduidity effects. Second,
informal sector activity makes its transactions mainly aslt, so that inflation acts as
a tax on these transactions. Based on these two observatiertsjild a two-sector
monetary business cycle model that captures quite well wieahave found in our
estimation. Our next step is to repeat the estimation foilouarcountries with sig-
nificant informal sector, such as Spain, Italy, and Greend,ta calibrate the model
to these economies incorporating aggregate uncertairttis Will allow us to study
the business cycle properties and bring us better undeistanf how the mechanism
works.

As noted earlier, our model accounts for the part of the midrsector that is due

to the decisions of the labor force, botHfiocial and undficial. We keep out of our
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model fiscal causes and the decision of production firms tp Keert of) their activity
unreported to fiscal authorities. It is relatively strafghitvard to incorporate distorting

taxes in the model and it is left as future work.
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