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efficient social security services. The higher is the valuation
of the services, the higher is the reduction in the log-wage
gap. An expansion of public health insurance to informal
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and informality, and increasing unemployment duration.
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1 Introduction

This paper seeks to understand the impact of market-oriented structural reforms on steady
state unemployment, wage dispersion and the distribution of employment across sectors in a small
open economy with a persistently large informal sector. To this end, I formulate and estimate an
equilibrium search and matching model of a labor market with search frictions and idiosyncratic
productivity shocks.

The central idea behind modeling the labor market with a search model (instead of a neoclas-
sical one) is that, given the existence of heterogeneity, frictions or imperfect information, search is
a costly activity for both firms and workers who must spend resources before job creation and job
destruction occurs. In these types of models equilibrium unemployment in the steady state emerges
naturally as a result of the transitions in and out of unemployment, since some existing jobs break
up before new matches are made. None of these properties characterize Walrasian labor markets.

The model is particularly relevant for developing economies, in particular Latin American (LA)
economies, where wage inequality, high unemployment, job instability and large informal sectors
are longstanding concerns, particularly in the last two decades (Inter-American Development Bank,
2004 )]

After the 1990s, many LA countries followed a sequence of market-oriented structural reforms,
including changes in labor market legislation, social security programs, and changes in the degree
of trade and financial openness. The extent to which these countries’ labor market, trade and social
security reforms contribute to deteriorating labor market conditions is still a debatable question
in the literature. Some other factors including aggregate and idiosyncratic market shocks, demo-
graphic changes affecting the size of the labor force, or skill biased-technological change may also
play an important roldﬂ

The model is simulated for the Colombian economy, a country that in the 1990s and 2000s
implemented substantial market-oriented reforms whose main goal was to deregulate labor and
financial markets.

There are some previous empirical studies focusing on the effects of Colombian structural re-
forms on labor markets: Cardenas and Gutierrez (1996); Cardenas, Kugler and Bernal (1998);
Kugler (1999); Eslava, Haltiwanger, Kugler and Kugler (2010); Camacho, Conover and Hoyos
(2013). Most of these studies employ reduced form estimation and none of them build a search
model as an analytical framework to understand incentives behind flows between the formal and

informal sectors. I provide a new lens to study the impact of the reforms by building and estimating

! The informal sector is particularly large in Latin American economies (from 30 to 70 percent of GDP) according
to some studies (Maloney, 2004). Other studies (Schneider, 2005) suggest also that the size of the informal sector
in other economies is not negligible. They estimate that, for the period 1999-2000, the average size of the informal
economy (as percent of GDP) is 41.2 percent in African countries, 26.3 percent in Asian countries, 37.9 percent in
transitional economies and 16.7 percent in OECD countries.

2For a survey of the impact of labor market regulations in Latin America see Heckman and Pages (2004), on the
impact of trade liberalization and job turnover, see Haltiwanger et al (2004). For a survey of the impact of trade
on wage inequality and informality in Latin America and other developing economies see Attanazio, Goldberg and
Pavcnik (2004).



a structural model.

Some recent studies have looked at informality in Latin American economies using a flow ap-
proach to unemployment: Bosch and Maloney (2007, 2008, 2010); Bosch, Goni and Maloney(2007);
Fiess, Fugazza and Maloney (2008).

This model contributes to a growing recent literature that combines informality with labor
market search frictions in emerging economies: Albrecht, Navarro and Vroman (2009); Bosch and
Esteban-Pretel (2012); Meghir, Narita and Robin (2015); Cosar, Guner and Tybout (2016).

I develop a substantially modified version of the search and matching model with endogenous
job destruction by Mortensen and Pissarides (1994)(MP1994 hereafter). The main differences be-
tween this model and MP1994 are the following: a) An informal sector is added; b) There is a
continuum of worker types; ¢) The idiosyncratic productivity shock process is modeled differently.
While in MP1994 matches start at the “state of the art” or, at the fixed maximum productivity
level, in this model they start with a draw from a distribution (stochastic job matching).

The model is similar in spirit to the one developed by Albrecht, Navarro, Vroman (2009)
(ANV2009 hereafter) with an informal sector, but the modeling of the informal sector is different,
capturing the idea that the informal sector is a ‘disadvantaged’ sector of a dualistic or segmented
labor marketﬂ instead of an unregulated self-employment sector. Even though the informal sector
has close linkages to the formal sector, it is still a ‘disadvantaged’ sector characterized by low entry
barriers in terms of skills, and therefore, populated by workers with low productivity levels who
are excluded or segregated from the formal economy.

The main differences with ANV2009 are the following: 1) In this model there are direct flows
from formal to informal, while in their model there are no flows between sectorsﬁ 2) In this model
there is ex-post match-specific heterogeneity, so a worker’s type (individual specific characteristics
relevant to the labor market such as human capital level) is not the same as match-specific produc-
tivity; workers of a given type are not certain of whether they will be ‘good’ or ‘bad’ at a specific
job, so I assume initial productivity in a match is a draw from a distribution and not a fixed value
(stochastic job matching); 3) Workers in both sectors have productivity shocks that may be ‘good’
or ‘bad’ with respect to the match productivity, while in their model, only workers in the formal
sector are subject to shocks, and a worker’s current productivity can never exceed their type; 4)
To understand the impact of social assistance programs and adapt the model to the Colombian
case, workers in this model contribute to social security in the formal sector and have access to
subsidized health in the informal sector, features that are not present in ANV2009.

Counterfactual experiments show that changes in labor taxes may have sizable aggregate, com-
positional and distributional effects if workers associate high payroll taxes with more valuable and

efficient social security services. The higher the valuation of the SS services, the more progressive

3There is some supporting empirical evidence of a segmented labor market for the Colombian case. Most of the
arguments are supported by the fact that the informal sector is countercyclical, absorbing labor during downturns.
See Fiess, Fugazza, Maloney (2010) and Mondragon, Pena, Wills (2010).

“T estimate that, among the informal-sector workers who switch jobs in a 12-month-period (June 2002 to June
2003), 59.1 percent flow from the formal-sector.



these labor market policies become. An expansion of subsidized health to informal sector workers
has minor aggregate and distributional effects. Changes in relative prices that affect the profitabil-
ity of the formal sector negatively have quite sizable aggregate effects, producing more long run
unemployment and informality, and increasing unemployment duration.

The paper proceeds as follows. Section 2 introduces some stylized facts about the Colombian
labor markets and a brief summary of the policy reforms. Sections 3 details the theoretical model.

Section 4 describes the data and details the estimation procedure and results. Section 5 concludes.

2 Stylized Facts

Some stylized facts about the Colombian urban labor markets in the last two decades include:
increasing long-run unemployment and unemployment duration, a decreasing but persistently high
informality rate, a modest rise in relative earnings favoring informal sector workers, and a decrease
in overall wage inequalityﬂ driven by a reduction in within-sector inequality.

Figure (1| presents the evolution of the unemployment rate from the first quarter of 1984 to the
third quarter of 2013. At the beginning of 1984, approximately 13.7 percent of the labor force
was unemployed. A period of steadily declining unemployment started. In the fourth quarter of
1993 the unemployment rate had dropped to 7.8 percent. A long period of rising unemployment
followed, reaching a peak of 20.5 percent in the third quarter of 2000. The decline of unemployment
in the following quarters was slow, reaching a rate of 10.4 percent in the second quarter of 2013.

Notably, short-term unemployment did not fall near its average levels: 11.8 percent over the
period 1984-1999 versus 13.9 percent over the period 2000-2013. Mean unemployment duration
also increased from 31 weeks to 35 weeks, well above pre-recession norms (see Figure .

Figure [3| shows the evolution of the employment rate. The long run employment rate followed
an upward trend, increasing from 52 percent in the period 1984-1999 to 55.8 percent in the period
2000-2013.

Informality has been a persistent phenomenon over the last two decades: regardless of the defi-

nition of informality usedﬁ approximately one of every two workers are considered informal. Figure

SLabor market statistics are constructed using data from Colombian household surveys. These surveys are
repeated cross-sections carried out by the Colombian Statistics Department (DANE) on employed and unemployed
individuals, and include: Encuesta Nacional de Hogares (ENH) for the period 1984:QI to 2000:Q2, Encuesta Continua
de Hogares (ECH) for the period 2000:M1 to 2006:M12, and Gran Encuesta Integrada de Hogares (GEIH) for the
period 2007:M1-2013:M6. Informality statistics are constructed using the Informality module in the surveys, available
every two years before 1996, and yearly afterwards. The statistics presented in this section are for all urban workers.

5 The following definitions will be used in the paper:

“Social Protection” (SP) Informality Definition: A worker is considered informal if either of the following
two conditions hold:

e Health Affiliation: Is not affiliated to a health plan, or if affiliated does not make any contributions to the
system (either because is part of subsidized regime or beneficiary of the contributory regime)

e Pension Affiliation: Not affiliated to a pension fund

This variable is primarily a proxy for non-compliance to labor regulations in Colombia.

“Firm Size and Occupation” (FSO) Informality Definition: A worker is considered informal if the following
two criteria hold:



[ shows the evolution of the informality rate based on alternative criteria. The average informal-
ity rate based on the health criterion diminished slightly from 49.7 percent in 1984-1999 to 48.7
percent in 2000-2013; informality based on pension decreased from 60.2 percent to 57.5 percent in
2000-2013; informality based on health and pension decreased from 60.9 percent to 58.7 percent.

When looking at the sectoral log-wage distributions, two facts are worth emphasizing.

First, there are substantial differences in mean relative earnings, favoring formal-sector workers.
This is evidenced by the size of the log wage premium, which varies between 0.71 and 1.43 over the
whole period 1984-2013 (see Figure . The formal-informal sector mean log wage gap, although
diminishing, is still persistently high: the gap decreased only by 0.04 log points in the period under
consideration[’]

Second, overall wage inequality improved even though there were no significant improvements
in between-sector inequality. Figure [6] shows the variance of the earning distribution in the over-
all economy. This change was mostly driven by lower wage dispersion within each sector. While
between-sector variance decreased only by 9.4 percent, within-sector variance decreased by 32.3
percent, leading to an overall fall in log-wage variance of 29.3 percent. Figure[7|shows this variance
broken down into the between and within-sector components.

Finally, mean real wages rose in both sectors, suggesting an improvement in living standards.
Mean hourly wages increased by 0.15 and 0.13 log-wage points in the informal and formal sector
respectively (See Figure[).

In the period under consideration, a sequence of market-oriented structural reforms was imple-
mented: the labor reforms of 1990, 2002 and 2012, the social security reforms of 1993, 2003 and
2007, and the trade liberalization reform that started in 1991.

Prior to the labor reforms, employment protection in Colombia was promoted by labor regula-
tions that imposed high severance payments, early retirement and restrictions on temporary work,
affecting labor markets’ flexibility, with potential adverse effects on employment.

In this context, the recent labor and social security reforms were intended to contribute to the
flexibility and efficiency of the labor markets, while still maintaining some level of worker protec-
tion.

The labor reform of 1990 was primarily aimed at stimulating job creation by instituting a more
flexible system of hiring and layoffs. This was achieved by allowing short-term contracts, promoting
a more flexible wage regime, and more importantly, decreasing severance payments. The reform

required that formal sector firms make an annual contribution to a private severance fund (includ-

e Firm Size: Works in firms with five or fewer employees
e Occupation: Works as domestic employee, self-employed, employer or unpaid family worker.

This definition is the one used by the Colombian Statistics Department, DANE, and is consistent with the one used
by the ILO, but it does not include any criteria related to non-compliance with regulations.

"Here I use the social security definition of informality, constructed using only health contributions since there is
no information for pensions before 1996. The measure of earnings in the survey not only include monetary wages for
workers (including tips, commissions) but also remuneration for self-employed, so there is some measurement error
in wages.



ing interest payments) instead of paying severance at the time employment terminatedﬁ

The social security reform of 1993, implemented in 1994, introduced major changes to the health
and pension systems, monopolized by the government until then. The reform increased pension
and health contributions and thereby non-wage labor (hereafter NWL) costs with the main goal
of expanding social security coverage. Aiming to reach universal health coverage, the reform also
created two coexisting health regimes: a contributive regime (CR) and a subsidized regime (SR).

In the CR, employers must provide health insurance by law, regardless of occupationﬂ and the
cost is shared between employers and employees. In the SR, ‘poor’ individuals who meet certain
poverty criteria have access to subsidized health, where ‘poor’ is determined by a poverty index
score based on the Census of the Poor (SISBEN)H This system is financed with transfers from the
contributive regime.

The labor reform of 2002 created a system of social protection, aimed to protect unemployed
workers and to promote employment in recessionary periods but had limited impact on job cre-
ation, since most of the measures applied to a very limited group of workers and NWL costs were
unaffected. The pension reform of 2003 increased the age requirements for retirement, the length
of service required for pension, and the pension contribution rate (gradually until 2008), thus in-
creasing employer and employee NWL costs. The health reform of 2007 increased employer health
contributions, raising employer NWL costs.

After three decades of rising NWL costsB the more recent labor reform of 2012 reduced em-
ployer NWL costs substantially by 8.96 percent through the eliminationlﬂ of para-statal contribu-
tionsm with the main goal of stimulating employment.

Changes in social security contributions caused sizable changes in employer and employee NWL
costs, potentially affecting job creation and job destruction in the formal and the informal sectors.

Figures [9] and [I0] show the evolution of employer and employee NWL costs in the period 1984-
2013@ In the period 1985-1990, employer NWL costs were 47.08 percent of the wage. The reduction
in severance payments introduced by the reform of 1990 caused a reduction in the average NWL
cost paid by the employer from 1991 to 1993, distributing this payment linearly over time. The
implementation of this change has been gradual, as discussed before. As a result, NWL costs were
reduced to 45.98 percent in 1993. In the period 1994-1996, these costs began to rise to reach a

level of 53.41 percent in 1996, since the increasing pension and health contributions implemented

8However, the law applies only to workers hired after 1991, which means that the reduction in severance payments
depends on the turnover rate, and the number of workers who voluntarily switch to the new regime. Hence the
reduction in severance payments was gradual rather than immediate.

9According to the law, self-employees must also contribute to the system.

10 Tndividuals may qualify for fully subsidized health if they meet the following criteria: being part of a SISBEN
level 1 or 2 household, not being affiliated to the CR, not having an employment relationship, not being a retiree and
not being a beneficiary of the CR.

"The reduction in severance payments introduced by the Reform of 1990 is the exception.

12This reduction only applies to workers earning less than 10 times the minimum wage.

3 In addition to social security, paid vacation and mandatory bonuses, employers must pay taxes to finance social
programs. These para-statal contributions include training programs, family allowances and in-kind transfers for low
income households.

MFor a detailed disaggregation of these costs see Tables [12[ and

6



by the social security reform of 1993 more than compensated for the gradual reduction of severance
payments. In the period 1996-2003, they remained constant. Finally, in the period 2004-2012, these
costs continued to climb primarily because of increasing social security contributions, until they
reached a peak of 55.78 percent in 2012. The reform of 2012 counteracted the trend by reducing
them significantly to 50.78 percentﬁ

The employee NWL costs were constant at 4.5 percent during the period 1990-1993, since they
were not affected by the labor reform of 1990. From 1994 to 1996 they started to increase, driven
primarily by increasing pension contributions introduced by the social security reform. During the
period 1996-2003 they were stable, and after 2004 they begun to climb until reaching a level of 9
percent in 2013.

Colombia also started a dramatic process of trade liberalization and financial openness in 1991@
This may have caused important changes in the real exchange rate, defined as the price of tradables
relative to non-tradables. Since the informal sector is mainly comprised of non-tradables, E the
real exchange rate is a key relative price in this small open economy, and can be quite relevant
when it comes to explaining movement of labor across sectors. A sharp increase is observed before
2003, followed by a real appreciation afterwards (see Figure .

In recent years, investment in social assistance programs (cash transfers, in-kind transfers and
subsidized health) has been growing in Colombia. In particular, since 1993, there has been an
expansion of subsidized health (Subsidized Regime) to workers who are not part of the contributive
regime (informal under the SP definition). The government is expanding access to health with
the main goal of achieving universal health care in the near future. Figure [12| shows the growing
percentage of informal-sector workers who are affiliated to the subsidized regime. While in the
second quarter of 2001 approximately 19.42 percent of informal-sector workers were affiliated to
the SR, in the second quarter of 2013 this was 47.65 percentE

Higher payroll taxes, changes in relative prices affecting the relative profitability of the two
sectors, and expanding social assistance programs to informal Workerﬂ may explain some of the

stylized facts observed in the labor markets in recent years.

5These payroll taxes are high when compared to the US, where contributions range between 15 and 20 percent
of the gross wage, and similar to the levels observed in some EU countries (i.e. Sweden, Belgium, France), where
contributions are close to 50 percent.

Interest rate ceilings, exchange rate controls and restrictions on foreign direct investment were eliminated, as
well as requirements to invest in government securities. International trade was largely liberalized, due to significant
reductions in import tariffs.

17 According to a recent Informality survey by Batini, Kim, Levine and Lotti (2010), 87 percent of self-employed
and informal workers in Colombia are concentrated in non-tradables (i.e commerce and services).

8 Author’s calculations based on Colombian Household Survey. No data are available before 2001.

19 An inflexible wage structure in the formal sector may also be a factor since previous literature (Maloney, Nunez,
2001) suggests that minimum wages in Colombia are high and binding. Here I don’t consider any source of wage
rigidity.



3 Model

3.1 Workers

In this economy agents live forever, discount the future at a constant rate r, and live in a
stationary environment where there are no dynamic changes to the structural parameters. The
labor force, L , is assumed to be constant and normalized to unity.

In equilibrium, each agent can be in one of three states: unemployed, employed in the formal
sector, or employed in the informal sector. I want to allow flows from and to each possible state
(except from informal to formal-employment), so I have a total of five transitions in the model.

There is worker heterogeneity ex-ante and ex-post. Ex-ante, workers differ in individual-specific
characteristics relevant to the labor market, such as their human capital level, which are called
worker types. Ex-post, workers differ in their labor market status and their initial productivity at
the job (ex-post match-specific heterogeneity), as well as their future productivity since they are
also subject to idiosyncratic productivity shocks.

Let y be the worker’s type, where y is an iid draw from a distribution F(y) with support on
the range [0 <y < oo]. Let ¢/ be the initial productivity of the job (match-specific), where ¢’ is a
draw from a distribution H;(y’ | y), for i = F, I@

Let u be the measure of unemployed workers, v; be the measure of vacancies in sector i, and n;
be the measure of workers in sector ZE Let 6 and ¥ be the parameters that measure labor market

tightness in the formal and informal sectors respectively, Wherdﬂ

(3 vr
U u-+ng

Let U(y) and N;(y',y) be the present-discounted value of the expected income stream of an
unemployed worker of type y and of an employed worker of type y with match-specific productivity
y' in sector i, respectively.

While unemployed, workers enjoy returns ﬁ and receive offers from both sectors, regardless

of their type. Let a be an exogenous Poisson rate at which informal sector offers arrive to the

20 First-order stochastic dominance is assumed, i.e. if y1 > y2, then H;(y' | 1) < Hi(y' | y2). In the calibration,
these distributions are assumed to be log-normal with a scale parameter varying linearly with log(y), so the first-order
stochastic dominance assumption is satisfied.

2INotice that v; is not the total measure of vacancies in the economy, but only the vacancies in sector i. Also,
since the labor force is normalized to 1, u is also equal to the aggregate unemployment rate.

22The tightness measures the number of vacancies relative to potential job seekers in each sector. While job seekers
in the formal sector are only unemployed workers, job seekers in the informal are unemployed workers and formal
sector workers affected by a ‘bad’ shock that causes them to look into informal sector opportunities.

23This is also usually interpreted as an unemployment insurance benefit but there was no such insurance in
Colombia before 2003, so b is interpreted as the opportunity cost of leisure. Unemployed workers in Colombia can
also receive subsidized health, but there is no data available to measure the size of the subsidy, or the fraction of
unemployed who receive it.



unemployed@ and m(f) be the endogenous rate at which formal sector offers arrive@ Once
contact is made between a worker of type y and a potential employer in the formal sector, a
productivity for the prospective match, ¢/, is drawn.

The details of the job creation process are as follows. Because of the existence of a productivity
distribution for new matches, not all meetings create a match. Let Rypr(y) and Ryr(y) be the
minimum productivities in the formal and informal sectors below which neither the firm nor the
type-y worker want to start a match (endogenous reservation productivities). If the realization of
the productivity draw for a worker of type y is sufficiently ‘high’@ the worker and the firm in
sector i decide to match, and the worker gets a capital gain of N;(y/,y) — U(y); otherwise, the
worker returns to the pool of unemployed, and the job remains vacant@

The flow value of unemployment for a worker of type y is:
rU(y) = b+ aEmaz[Ni(y,y) — U(y),0] + m(0) Emaz[NFr(y',y) — U(y), 0].

Given the assumptions on the match-specific productivity this gives:

00 00
V) =bta [ Nl ) = U@H | 9)+m(0) [ (Ne(') - U@ldHr ' ). (1)
Rur(y) Rur(y)

While employed in sector i, a worker of type y and current productivity ¢’ enjoys flow utility
u;(y',y). Then, the match that started at productivity ¥’ may continue or be destroyed. The job
destruction rate is endogenized by introducing idiosyncratic shocks to job productivities@ produc-
tivity shocks arrive to jobs in sector 7 at Poisson rate A, changing the productivity to a new level
x. These new productivities are iid draws from the conditional distribution H;(z | y)@

The same mechanism that governs the job creation process applies to job destruction: a match
ends when it is in the mutual interest of the worker and the firm to do so, i.e., when a sufficiently
bad draw of z is realizedﬂ The threshold productivities for match dissolution in the informal and

the formal sector are Ryy(y) and Rpy(y), respectively.

211 am assuming no congestion effects in the informal sector (« is not a function of ), so the measure of job
seekers does not make it harder for an individual to find an informal sector opportunity. It may be the case that
while job seekers are eager to find a formal sector job, they are not eager to find an informal sector job.

25The matching function has standard properties, so m(#) is increasing and concave in 6. In the calibration I
assume a Cobb Douglas matching function given by m(f) = A9'~*m.

26Qufficiently ‘high’ means y’ > Rur(y) for the formal sector and ¥’ > Ryr(y) for the informal sector.

27 Another way of modeling this choice is by assuming that workers choose whether or not to accept jobs based on
a reservation wage. This is analogous to the reservation productivity concept.

28There are two reasons why the productivity of a job may fall below the reservation value: idiosyncratic or
aggregate shocks. Previous evidence for Colombia using plant-level data from the Annual Manufacturing survey
estimates that the actual impact of reforms through factor adjustment on aggregate productivity was modest (Eslava,
Haltiwanger, Kugler and Kugler, 2010), so introducing idiosyncratic shocks instead of aggregate shocks in the model
seems more reasonable.

2%Notice that I assume that productivity shocks affect both sectors symmetrically: workers receive shocks at the
same rate, regardless of the sector in which they are in. Also, I assume that the idiosyncratic productivity that is
drawn after the shock arrives is independent of the initial productivity 3’ and is irreversible (the firm must produce
at the new productivity or shut down), where z € [0, co].

30 This means <Ry (y) for the informal sector, and x< Rpy (y) for the formal sector.



I introduce a feature in the model that captures the view of the informal sector as a ‘disad-
vantaged’ sector of a segmented labor market that expands during downturns to absorb displaced
workers from the formal sector. When affected by a ‘bad’ shock, the formal-sector worker has to
give up his job before learning his productivity on a potential informal-sector opportunity already
available to him. Then, when the productivity is realized, he may choose whether to take the
prospective informal-sector job or to become unemployed. On the other hand, the informal-sector
worker does not have the option to move directly to the formal sector; he must become unem-
ployed. Also, while the formal-sector worker must make contributions to the social security system,
the informal-sector worker receives some subsidized health without incurring any cost.

The flow value of taking a formal-sector job for a worker of type y and current productivity 3/

(new hire)lﬂ is:

rNe(y',y) = ur(y',y) + A\Hp(Rpu(y) | y)Emaz[Ni(z,y) — Nr(y',y),U(y) = Nr(y',y)]  (2)

o / T Ne(ay) - Ne(yy)dHp( | )
Rru(y)

where

Rrr(y) 00
Bmast) = [ W00) - NeW )it )+ [ Ni) - Nel )i | )
0 Rpr(y)

When affected by a ‘good’ shock, the formal-sector worker stays in his job and gets the capital
gain Np(z,y) — Np(y',y). When affected by a ‘bad’ shock, he may decide to transition to the
informal-sector to get a capital gain of Nj(x,y) — Np(y',y), or to become unemployed and get
U(y) — Nr(v', ).

I assume that up(y/, y) depends on effective current labor income, net after paying SS contribu-
tions, and is adjusted by a subjective valuation of the total (employer and employee) contributions

to the systemP? It can be expressed as:

up(y',y) = wr(y',y)[(1 — d2) + 7(61 + d2)]

where wr(y',y) is the hourly wage in the formal sector, do and d; are the employee and employer
NWL costs as a percentage of the Wageﬂ T is a parameter that measures workers valuation of total
social security contributions (including employer and employee contributions), 0 < 7 < 1@

Let 0 be the non-wage labor costs as a percentage of the wage adjusted by the worker’s

valuation of the benefits that he/she receives as a result of the total contributions to the social

31This is the flow value for a worker not affected yet by a shock.

321 assume the utility function is linear in income and total SS benefits constitute a linear function of the total
(employer and employee) contributions.

33These costs consist of social security contributions (health and pension) and non-SS contributions (para-statal
contributions and others). See Tables [12| and |13|for details.

34The valuation of these contributions reflects the value of these contributions and the efficiency of the services
provided.
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security systemﬁ SO:
52 :52(1—7‘)—7‘51

The instantaneous utility can be rewritten more compactly as:

ur(y',y) = wr(y',y)(1 — o) (3)

An incumbent worker in the formal sector has a different value function than a new hire since, as
will be explained later, the wage (and therefore utility) determined in a Nash bargaining negotiation
is different. When the firm negotiates with an old hire it must pay severance if they mutually decide
to discontinue the match. Therefore, severance weakens the firm’s bargaining position.

Let wi(x,y) and uj(z,y) be the wage and utility of an incumbent worker of type y and current
productivity x, respectively@ The flow value of continuing in a formal-sector job for this worker

is:

rNp(z,y) = up(z,y) + \Hp(Rru(y) | y) Emaz[Nr(z',y) — Np(z,y),U(y) — Ne(z,y)]  (4)

+A /OO [Np(2',y) = Np(z,y)|dHp (2" | y)
Rru(y)

where 2’ is a another draw from the distribution Hp(. | y) and

(@, y) = wi(z,y)(1 - 02) ()

The flow value of taking an informal-sector job for a worker of type y and match specific

productivity 1/ is:

oo

rN1(y',y) = ur(y',y) + AH1(Rro(y) | 9)[U(y) — Ni(y',y)] + A/R ( [)Nz(w, y) = Nr(y',y)ldH (x| y)
(6)

The flow utility for a worker of type y and current productivity 3 in the informal sector can be

expressed as:
ur(y',y) = wr(y', y)[1 + d3), with (7)

03 = pds

where wy(y’,y) is the hourly Wagﬂ in the informal sector for a worker of type y and match-specific

productivity 3/, d3 is the amount of social assistance (subsidized health) that workers receive from

35Notice that 32 < 0 if 7(61 + d2) > 2. Therefore, if the value of the SS services received is higher than the cost
of contributing to the system, 82 works as a transfer and not as a tax.

36The superscripts indicate that the firm would have to make a severance payment if its match with this worker
ended.

37Since there are no severance payments in the informal sector, there is no distinction between wages for a new
hire versus an incumbent worker.
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the government as percentage of their wage in the informal sector@ and p is a parameter that
measures the workers valuation of the social assistance benefits received, where 0< p §1ﬂ

So, informal workers are a “vulnerable” population in the sense that, even if they may have
access to partial insurance against health shocks due to a government subsidized health program,
they do not have any insurance against unemployment shocks (i.e., severance payments) or aging

(i.e., mandatory pension or retirement accounts).

3.2 Firms

The small economy produces two composite goods: tradables and non-tradables. There are
two productive sectors in this economy: formal and informal. The formal and informal sectors are
assumed to produce tradables and non-tradables, respectively.

Each sector has a continuum of small firms in the unit interval, which are identical in all respects
within each sector. Each firm has one job and maximizes the present discounted value of profits
and chooses whether to open a job vacancy and hire a worker or not, so the number of jobs/firms is
endogenous. Since the profit maximization condition requires that the marginal value of a vacancy
must be zero, this is exactly equivalent to a zero-profit condition for firm entry.

Firms can only adjust to meet demand through changes in the extensive margin (number of
jobs offered /employed people), but not through the intensive margin.

The main difference between firms across sectors is that informal-sector firms are not affected
by labor market regulations such as social security contributions and severance payments. Distri-
butions of productivity and wages are also different.

Let V; be the present-discounted value of expected profit from a vacant job in sector ¢, and
Ji(y',y) be the present-discounted value of expected profit from a filled job in sector ¢ with a
worker of type y and match-specific productivity v’

Firms in sector ¢ open vacancies and search among the pool of job seekers, which involves a
hiring cost ¢, assumed to be constant@ They also face some uncertainty when meeting a job seeker,
since they do not know with certainty the type of worker they will meet, and conditional on type,

how productive that worker will be at the job.

381 assume the benefit from social assistance is proportional to the informal-sector wage. For the case of Colom-
bia, 3 corresponds to allocated health expenditures in the Subsidized Regime program as percentage of nominal
wage. However, not all workers receive the subsidy: only those workers whose families are categorized as “poor” as
determined by a Poverty Index Score, using the Census of the Poor (SISBEN).

39T am assuming that employee valuations of these services may be lower, equal or higher than in the SS system
(w<7,u=7,u>7), depending on the perception of the efficiency of the services provided by the public sector.
In the case where p = 0, informal workers do not value the services offered by the government. In this case, any
change in subsidized health expenditures, ds, will not change the flow income in the informal sector. If u > 0, an
expansion in subsidized health expenditures will cause a higher flow income in the informal sector with a consequent
behavioral impact.

49The hiring cost can also depend on productivity or wages over the business cycle, but it is reasonable to assume
is constant in the steady state.
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The flow value of having a vacancy in the formal sector is as follows:

rVp = —c+ méH)Emax[JF(y,,y) - Vp, 0]

(0)

Formal sector vacancies meet searching workers (only unemployed workers) at the rate mT. If

the job is filled, the firm gets the expected capital gains, Jp(y',y) — V.

Given the assumption on the match-specific productivity this is equivalent to@

m 0 o0 oo N
Vo= —e+ "0 [T [ et/ )~ Veldmr () | 9aFs ) ¥
0 Rur(y)
where F5(y) is the distribution of y among the unemployed. Using Bayes rule:

u(y)f(y)

dig(y) = mdy,

where u(y) is the unemployment rate conditional on y.

On the other hand, informal-sector firms meet not only unemployed but also formal-sector
workers affected by a ‘bad’ shock. The rate at which informal-sector vacancies meet unemployed
workers is §, while the rate at which informal-sector vacancies meet formal-sector workers of type

¢ ) . AHp(R
y affected by a ‘bad’ shock is M

The flow value of having a vacancy in the informal sector is:

MHr(Rru(y) | y)

7"‘/] = —Cc+ gEmax[J[(y,,y) - ‘/I?O] =+ 19

v

Emax[JI(xv y) - ‘/}7 0]

Given the assumption on the productivity shock, this is equivalent to:

7“VIZ—C~|—OZ{

u
u-+ng

+% LL ZFnF] /OOO /RO:I(y) He(Reu (W) | )[Jr(z,y) — VildH (x| y)dFi(y)

where Fj;(y) is the distribution of y among the job seekers in the formal sector that can be expressed

as:

nr(y)f(y)
dFg(y) = dy.
Jone(y) f(y)dy
A formal-sector firm matched with a worker of type y and match-specific productivity v’ receives

some net return for a job, mp(y’,y), given by the market value of output minus the net cost of labor

“INotice also that the value of the vacancy does not depend on y.
42Informal-sector vacancies meet formal-sector workers at rate w because every time a formal-sector
worker experiences a productivity shock, he meets an informal-sector opportunity only after experiencing a ‘bad’

shock.
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(after paying SS contributions). A positive or negative productivity shock arrives at rate A, and
two possible cases arise: if the shock is ‘good’, the match continues with the capital gain (or loss)
Jr(z,y) — Jp(y', y); if the shock is ‘bad’, the match ends, the firm pays firing costs, s, and posts a
new vacancy, so the capital loss suffered is Vi (y) — Jp(y/,y) — s.

The flow value of a filled job in the formal sector with a worker of type y and match-specific
productivity ¥’ (new hire) is:

(e 9]

rJr(y',y) = 7r(y s y)FANHE(Rru () | ) [VE—Jr (Y, y) =]+ - )[JF(x,y)—JF(y’,y)]dHF(w | y)
(10)

where mp(y, y) is the nominal value of a job’s output in the formal sector, which can be defined as:

(Y, y) = pry —wr(y y)(1+ 01) (11)

and pp is the price of a formal-sector good (price of tradable good).
The flow value of a filled job in the formal sector with a worker of type y and productivity x

(incumbent) is:

rdr(z,y) = (2, )+ Hp(Rpu(y) | ) [VE—Jr(2, y)—s]+A /};(y)[h(w’,y)JF(x,y)]dHF(:v’ | y)
(12)

where
mr(2,y) = pre — wp(z,y) (1 +01) (13)

Notice that rJp(x,y) differs from rJp(y', y) because the wage associated with each function is
different®™]
The flow value of a filled job in the informal sector with a worker of type y and current produc-

tivity ¢/ is as follows:

o0

rJr(y'y) = 71y, y)+AH (Rru (y) !y)[Vz—Jz(y’,y)]H/R ( )[Jf(wvy)—Jz(yCy)]de(w ly) (14)
1U\Y

where the nominal value of a job’s output in the informal sector, 77(y/,y) is defined as:

1y y) = pry —wi(y,y) (15)

and pr is the price of the informal sector good (non-tradable good).

The informal-sector job yields net return for the firm firm 7;(y’,y). The match may break
(without any firing cost involved) if a ‘bad’ productivity shock arrives (z below some productivity
threshold Ryy7(y)), and the firm posts a new vacancy, so the capital loss suffered is [V; — J; (v, y)]-

Otherwise, the match continues and the firm gets the corresponding capital gain or loss, Jr(x,y) —
Jiy'y).

431 will later show that wi(z,y) > wr(z,y).
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3.3 Wage Determination
3.3.1 Formal Sector

Formal-sector wages in the steady state are determined by workers and firms using Nash bar-
gaining, given the exogenous worker bargaining parameter, 5.

An unemployed worker of type y with match-specific productivity 4 and a formal sector firm
decide to form a match if it is worth it for both, that is if the joint surplus is positive, or equiva-
lently, if Ryp(y) <y < oo. If they match, they decide how to split the surplus and negotiate a
wage contract using Nash bargaining, given the exogenous worker bargaining parameter (.

The initial wag@ is given by:

max [Np(y',y) — U@y, y) — Ve ~?
wr(y',y)

The standard sharing rule using the free entry condition (Vx = 0) implies

(1= B)(1L+6)[Nr(y,y) — Uly)] = B — 02)Jr (¥, y)

After doing some algebra, the corresponding formal-sector wage equation for a new hire of type

y and current productivity 3/ is:

rU(y) = AHp(Reu () | ) [ry, o fNi(@,y) = Uy)] dH (2 | y)

/ _ pry . As .
wrly's9) = 8| 2% - s va-s)

(1—d9)
(16)

The wage negotiated in the formal sector is a weighted average between the productivity of the
worker (adjusted by the expected severance cost) and the worker’s continuation value (adjusted by
a term that captures the flows from formal to informal).

The expected future severance cost reduces the benefits the firm gets if it accepts the bargain
with the new hire, improving its bargaining power in the negotiation, and therefore reducing the
negotiated wage.

The continuation value reflects not only the value for the worker if he does not accept the
bargain (the flow value of unemployment), but also the benefits for the worker if he accepts the job,
including the possibility of later moving to the informal sector. After being employed in the formal
sector, the worker may be affected by a ‘bad’ productivity shock, and either flow to unemployment
or to the informal sector. The expected gains of these two possible states worsen the worker’s
bargaining position. If the worker expects to get larger gains after being affected by a shock while
working in the formal sector, the continuation value is reduced and the worker is willing to accept
a lower formal-sector wage.

In general, if the worker has low productivity, a low continuation value, low bargaining power,

and has to pay low non-wage labor costs as a formal employee, the worker is willing to accept a

44This is the wage for new hires in the formal sector that have not been affected by a shock.
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lower wage in the negotiation.
Since it is assumed that the wage is renegotiated every time a productivity shock arrives, wages
for employed workers of type y and current productivity ﬂ are determined by workers and firms

using Nash bargaining, given the exogenous worker bargaining parameter (3, as follows:

max [Np(z,y) = U)°[Jr(z,y) — (Ve — )] 7

wi(z,y)

The corresponding standard sharing rule using the free entry condition (Vr = 0) is:

(1= B)(1+6)[Nr(z,y) = Uy)] = B(1 = 62)[Jr(z,y) + 5]

The formal-sector wage equation for an incumbent worker of type y and current productivity x

is:

PrT rSs

rU(y) = M p(Reu () | 9) [r,, o fN1(@' ) = Uy)] dH (' | y)

wi(og) = 8 | 05 4 |4 )

(1—02)
(17)
Notice that wi(x,y) > wp(z,y) since the severance tax now worsens the firm’s bargaining

position and reduces the benefits the firm gets if it does not accept the bargain with the old hire,

thereby reducing its bargaining strength in the negotiation and increasing the negotiated wage.

3.3.2 Informal Sector

I assume there is bargaining over wages in the informal sector@

The wage for a worker type y solves:

max [N;(v,y) — U’ [Ji(y,y) — Vi)'
wI(y/7y)

The F.O.C (assuming interior solution), gives us the following standard sharing rule:

(1= BNy, y) = Uly)] = B+ 83)[Jr(y/, y) — Vi)

The wage equation for the informal sector is:

rU(y)

wr(y',y) = B [pry'] + (1 = B) L+

(18)

In this case, neither the productivity nor the continuation value term needs to be adjusted since

there is no severance tax or flows from informal to formal. However, high benefits in the form of

45This is the wage for incumbent workers who have been affected by a shock, so Rry(y) < z < oo.

45T conceive the informal sector as a ‘disadvantaged’ countercyclical sector in which low-skilled workers are ne-
gotiating wages with small firms, rather than as unregulated pro-cyclical self-employment. In Colombia, lack of
compliance with social security is also a small firm phenomenon: approximately 87.2 percent of those informal under
the SP definition are in small firms ( < 5 employees).
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better access to subsidized health (high 33) worsen the worker’s bargaining position, which leads
to a lower wage in the bargaining process.
3.4 Optimal Decision Rules and Reservation Productivities

Optimal decision rules are characterized by a reservation value property.

Reservation productivities are obtained by:

Rru(y) : Nr(Rru(y),y) =U(y) <= Jr(Rru(y),y) =Vr—s=—s

Rur(y) : Nr(Rur(y),y) =Uy) <= Jr(Rur(y),y) =Vr=0
Riu(y) : Ni(Riw(y),y) =U(y) <= Ji(Rw(y),y,)=Vi=0
Rur(y) : Ni(Rur(y),y) =Ul(y) <= Ji(Rui(y),y) =Vi=0
Rpi(y) : Ni(Rri(y),y) =U(y) <= Ji(Rri(y),y) =Vi=0

The Nash surplus sharing rule guarantees mutual agreement between the worker and the firm.
Notice that Ry (y)=Rur(y)=Rr1(y). On the other hand Ryr(y) # Rru(y) since when the match
breaks, the formal sector firm has to pay a severance cost.

The corresponding reservation wages can be obtained through the Nash bargaining wage rule

which maps productivities into wages, conditioning on type.

3.4.1 Reservation Productivity, Rpy(y)

A match in the formal sector is continued if and only if it is in the mutual interest of the worker
and the firm to do so, so a necessary condition for match continuation is that the joint surplus
must be non-negative. In equilibrium, the surplus is an increasing function of :cF‘z] and by definition
Rpy(y) is the threshold productivity above which the joint surplus is never negative. Therefore,

Rpy(y) is defined by the zero surplus condition:

Nr(Rru(y),y) —U(y) + Jr(Rru(y),y) +5 =0

Using the sharing rule combined with the free entry condition, I get:

Jr(Rru(y),y) = —s

Substitution and integration by parts gives:

1—B(1—by)|rs 00
Y JL

(11— 8)Pp - (1-p8)Pr A 1= Hp (' | y)] do’ (19)

Rry(y)

47See Appendix 6.1 for the surplus analytical expression.
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The term Apy(y) captures the worker’s outside option adjusted by a term that captures flows

from formal to informal as follows:

o0

Apu(y) = (1+61) |rU(y) — NHp(Rpu(y) | v) /R iy —vwlame | eo

This corresponds to a modified version of the standard upward-sloping job destruction curve,
in which, for a given y, higher 6 implies better worker’s outside opportunities (higher U(y)) , and
therefore more marginal jobs are destroyed (higher Rpy(y)). There is a secondary effect in play
caused by the movement from formality to informality, since higher Rpy/(y) means higher proba-
bility of discontinuing the formal sector match, which negatively affects Apy(y). This equilibrium
effect mitigates the impact of 6 on Rpy(y).

Given U(y), the reservation productivity when transitioning from formal to unemployment is
an increasing function of §; and b, and a decreasing function of 55, s and P, conditional on Y.

The higher the firm’s non-wage labor costs and the lower the price of the formal sector good
or the severance cost, the higher the reservation productivity firms require to maintain the match
after a productivity shock hits. Firms become pickier about the workers they are willing to ‘retain’
or ‘continue employing’.

The lower the expected utility of the worker in the current match, either because of higher
non-wage labor costs (adjusted by valuations), or lower o5 (receiving less benefits when moving to
the IS), the higher the minimum productivity workers require to maintain a match (workers become
pickier as well).

Also, Rpy(y) is increasing in y if the adjusted outside option term Apy(y) dominates the

integral term (‘labor hoarding effect’) in equation (19), since both terms are increasing in y@

3.4.2 Reservation Productivity, Ryr(y)

Analogously, the reservation productivity Ryp(y) is:

CAply) | [LBO-®)As g e /
Ror(o) = GO g ey L e e e
where
Avur(y) = (1+61) TU(y)—AHF(Rpu(y)!y)/OO [Ni(z,y) = U(y)| dH (x| y) (22)
Rpr(y)
So:

(23)

48This is the case for the particular set of parameter values chosen in the estimation.
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Notice that Ryp(y) > Rpy(y) if the second term is weakly positive. Formal sector firms are
pickier when hiring a worker than when laying him or her off because in the first case they do not
have to pay a firing cost.

3.4.3 Reservation Productivity Ry (y)

Informal sector matches are destroyed when idiosyncratic productivity z < Rjyy(y), so the

reservation productivity Ry (y) is defined by the condition:

Jr(Riv(y),y) =0

Substitution gives:

_ Awly) X -
Ri() = G5 - [ e ) (24)

where Ay (y) = rU(y).

Given U (y), the reservation productivity when transitioning from the informal sector to unem-
ployment is a decreasing function in o5 and P;. The higher the worker’s social assistance benefits
(adjusted by valuations), the lower the minimum productivity workers require to maintain a match

with an informal-sector firm. Firms are also less picky when profitability is high (high Py).

3.5 Job Creation Conditions

In this section, I derive the job creation conditions in the formal and the informal sectors that
allow us to pin down equilibrium labor market tightness, 8 and 9 respectively.
In equilibrium, formal sector firms open vacancies until rents are exhausted, so free entry implies

VF = 0. The free entry condition and equation (8) imply:

/ /RUF (v, y)dHE(y' | y)dFf(y)

Equilibrium 6 is such that the expected cost of hiring a worker in the formal sector is equal to
the expected benefit of hiring an unemployed worker.
Expressing Jp(y',y) as a function of reservation productivity Ryp(y) in the latter equation

gives:

/ /RUF(Q) (1-5 T[J;;RUF(y)]dHF(y/‘y)dFé(y) -

In the informal sector, free entry and equation (9) gives:

c=— [u+nF]/ /RUI (v, y)dH1(y' | y)dFy (y)
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F(Rru(y) | y)Ji(z,y)dH(z | y)dFE(y)
[U + "F] / /RFI

Expressing the firm’s value function in terms of reservation productivities:

_@ [ (A=B)pi(y — Riw(y)) / )
=5 e [ P a1 ar (20
(1= B)pi (z — Riu(y)) .
[HRF}/ /RFI F(Rru(y) | y) [ I dH (x| y)dF3(y)

3.6 Steady State Conditions

In this section I derive the equilibrium rate of unemployment, given the other equilibrium
objects. Let u(y) be the fraction of type-y workers in unemployment, n;(y) be the fraction
in informal-sector employment and np(y) be the fraction in formal-sector employment, so that
u(y) + nr(y) + np(y) = 1. In the steady state, the mean rate of unemployment conditional on y is
constant, so two steady state conditions apply.

First, the sum of the flows into unemployment must equal the sum of the flows out of unem-

ployment:
AH(Rru(y) | y)nr(y) + AHp(Rru(y)) Hi(Rur(y) | y)nr(y) =

=afl — Hi(Rur(y) | 9)]u(y) + m(0)[1 — Hp(Rur(y) | y)lu(y)

Second, the analogous condition for the formal sector:

A (Rpu(y))ne(y) = m(0)[1 — Hr(Rur(y) | y)]u(y)
Solving the above equations gives:

MHp(Rru(y) | y)Hi(Riu(y) | y)

uly) = ol — Hi(Rur(y) | v)|L(y) + m(0)[1 — Hr(Rur(y) | v)| K (y) + /\HF(RFU(y))HI(RIU(ZU()2\7)y)
nply) = m(0)[1 — Hr(Rur(y) | y)]K (y)

a[l = Hr(Ru(y) | y)IL(y) +m(0)[1 — Hr(Rur(y) | v)]K(y) + )\HF(RFU(y))HI(RIU((%)] y)
ni(y) = a[l — Hi(Rur(y) | )] L(y)

ol = Hi(Rur(y) | v)IL(y) + m(0)[1 — Hp(Rur(y) | y) K (y) + )\HF(RFU(y))HI(RIU(ZJQ)Q\)y)

where L(y) and K (y) are
L(y) = Hr(Rru(y) | y)
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K(y) = Hr(Rru(y) | y) + Hi(Riu(y) | y) [1 — Hr(Rru(y) | y)]

Equation (27) corresponds to a modified version of the Beveridge curve, a negative relation
between labor market tightness and unemployment, or alternatively, between vacancies and unem-
ployment. When 6 increases, m(6) increases as well, encouraging job creation and reducing u(y)
(‘job creation’ effect). Stochastic job matching and endogenous job destruction give us an additional
counteracting effect (‘reservation productivity’ effect): an increase in 6 also increases rU(y) (more
outside opportunities), which increases Ryr(y), Rur(y), and Rpy(y). The first two discourage job
creation and the latter encourages job destruction, both of which increase unemployment@

Aggregate unemployment can be obtained by aggregating across types:

u= [ " uly) Fy)dy
0

Intuitively, in equilibrium there will be some imperfect sorting of workers among sectors based
on their types, y. ‘High’ type workers are more likely to take formal-sector jobs, while ‘low type’
workers are more likely to take informal-sector jobs, and medium type workers will take bothm

In addition to compositional effects, changes in policy parameters affect the steady state distri-
butions of productivities among sectors, affecting also the distributions of wages across formal and

informal employment.

3.7 Determination of the Value of Unemployment

The only thing needed to solve the model is to determine U(y) for all values of y, as a function
of reservation productivities and labor market tightness parameters.

Equation (1), together with equations (26) and (32), imply:

o

pr (¥ — Riu(y))

V) =bras(+sy [ PRECERC i i) (30)
ur\y
[ pr(Y — Rur(y))

491 agsume that the first effect dominates the second effect (since empirical evidence supports a downward-sloping
Beveridge curve). Stochastic job matching means that changes in labor taxes, subsidized health or prices may shift
the relationship between vacancies and unemployment, and that the effect of a change in the relevant policy parameter
on u via job offers is mitigated, since there are additional effects that offset this demand-side effect.

50This is more or less consistent with the empirical fact that the formal sector is skilled labor intensive while the
informal sector is unskilled labor intensive in Colombia: average years of schooling for a F'S worker is 12.14 , while
for an IS worker it is 9.12 years (Source: Author’s calculations based on ECH, second quarter of 2003).
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To solve the model, some following functional form assumptions are made. Specifically:

l —
F(y) = @ <”yuy> for y > 0
Oy

0;

Hi(z |y) = ® (lm_”(y)> for x> 0,i=F,I

/7 .
Hi(y | y) = (l"y“(y)) fory > 0,i=F,1I

0;
pi(y) = Bilog(y)
m(h) = Agt—om

Once the model is solved numericallyE the empirical strategy consists of estimating the model
using micro data, and then simulating how labor market policies, subsidized health programs and
relative prices affect the division of the labor force into unemployment, informal and formal sectors
(aggregate effects), the mix of worker types in the two sectors (compositional effects) and the
distribution of wages (distributional effects)@

4 Empirical Strategy

4.1 Descriptives

To estimate the model, I use data from the Encuesta Continua de Hogares for the second quarter
of 2003, representative for 13 metropolitan areasﬂ I choose this period to approximate the pre-
reform’s steady state equilibrium because: 1) An informality module is available@ 2) Information
on health access disaggregated by contributive or subsidized regime is also availableﬂ 3) The first
three quarters of 2003 have a roughly constant unemployment rate, and the model is derived under
a steady state assumption.

In addition to standard demographic socio-economic variables (age, gender, marital status,

educational attainment, etc), the sample is described by the following labor market variables:

({Ws}seEi; {tes}sEEi; {tnes}seEi; {tus}SEU; {hs}seEi)i:F’[

Ws: Accepted monthly wages for individual s, where s € E;, so each individual can be employed
in sector 4 (formal or informal)

tes: Employment duratioﬂ for individual s, where s € E; (right -censored)

51For details on the computational algorithm to solve the model see Appendix, Section 6.5.

521 simulate the steady state distributions of equilibrium productivity and wages in both sectors, instead of deriving
them them analytically. See Appendix, Sections 6.2 and 6.3 for the analytical derivations.

53These areas include the following cities and their metropolitan areas: Bogota, Cali, Medellin, Barranquilla,
Bucaramanga, Manizales, Pasto, Pereira, Cucuta, Villavicencio, Ibague, Monteria and Cartagena.

5% An informality module is available for the second quarter of every year after 2001, and every two years before
2001.

55Before 2001, there is no information on health access by contributive or subsidized regimes.

56This variable measures months in the current job.
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tnes: Non-Employment durationE] of previous employment for individual s, where s € E;.

tus: Unemployment duration for individual s, where s € U (incomplete spells for unemployed,
right -censored)

hs: Weekly hours of work for individual s, where s € E;.

Even though the data are not longitudinal, retrospective questions about previous unemploy-
ment and employment status for both employed and unemployed individuals are available, allowing
for the construction of transition flows across the different states. There is no retrospective infor-
mation on social security contributions, so to determine whether a worker was considered formal
or informal before being unemployed or employed in the current job, the definition of informality
based on firm size and occupation is used ¥

I choose a subsample of full-time, male workers with completed primary education, and at most
20 years of Schooling@ I also drop observations that correspond to the lowest 10% and the highest
2% of wages in each human capital levelm This trimming is performed to reduce measurement
error and other sources of observed heterogeneity, since according to the model, agents are hetero-
geneous ex-ante only because of different human capital levels@

The size of the subsample is 20,011 observations, representing 9.7 million people.

Table [1I] shows the descriptive statistics for the employed population by sector.

When using the SP definition, the estimated informality rate for 2003 is 60.19 percent (s.e. of
.0038), or the informal sector is 1.5x the size of the formal sector.

In comparison with the formal sector, the informal sector is characterized by:

o Lower and Less Dispersed Wages: Log hourly wages are on average lower and less dispersed

than in the formal sector. The log-wage gap in the raw data without any controls is 0.63 (s.e.
0.044)%

e More job stability: Average job duration in the informal sector is 92.3 months (7.69 years)

while in the formal sector it is 82.7 months (6.89 years)

e Higher non-employment duration: If unemployed/inactive in the previous year, informal sec-
tor workers face higher unemployment /inactivity duration on average than their formal sector

counterparts (7.34 vs. 6.33 months)

e Lower human capital levels: Mean years of schooling among informal-sector workers is 9.13

vs. 12.15 among formal-sector workers.

5TThis variable measures months without employment between the current job and the previous job (retrospective
question), so I cannot identify whether it refers to unemployment or inactivity duration. I also have unemployment
duration for the unemployed population; however, this variable is right-censored.

581n this period, approximately 85.92 percent of informal sector-workers based on the SP definition are also informal
based on the FSO definition.

59T drop workers from the bottom of the distribution because of measurement error in the wage data for these
type of workers; I also drop workers from the top due to the small sample sizes.

59The reason for the asymmetry is that I want to avoid measurement error in high and low wages, but I also want
to avoid wages on temporary or other jobs that are correctly measured, but fall outside the model scope.

61Female and part-time workers are also more likely to select themselves out of the labor force.

52This measure of wages includes tips and commissions, but excludes non-monetary payments.
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Table [2] shows the variance of the earning distribution in the overall economy, broken down
by two components: a) Variability within sectors; b) Variability between sectors. Despite the
substantial differences in relative earnings, 97.5 percent of variance in log wages is explained by
within-sector variance 5]

Table [3] shows the descriptive statistics for the unemployed population. The estimated unem-
ployment rate for the year 2003 is quite high: 18.5 percent (s.e. of .00274). Mean unemployment
duration is quite high (51.5 Weeks)@ and higher than the mean non-employment duration for the
employed population (6.9 months).

4.2 Labor Market Dynamics

Standard static analysis of labor markets that analyze stocks of workers in different states does
not tell us anything about where those workers arrived from, how long they will stay, or where
they will go next. I construct a set of statistics to analyze labor market dynamics and derive
some stylized facts about movement across sectors in the Colombian labor markets, using the

retrospective questions from the cross-section database.

4.2.1 Annual Discrete Transition Matrix

Individuals in the sample fall into four labor market states: unemployed (U), employed in the
formal sector (F'), employed in the informal sector (I), and other (O)ﬁ

I estimate an annual discrete transition matrix by estimating gross worker flows across statesm

Let m;; be the number of individuals in the 2003 sample who were in state ¢ in 2002 and state
4 in 2003. T observe some, but not all the transitions between states from 2012 to 201357

When considering transitions into unemployment, I observe all transitions myy, mry, mry and
moy. When considering transitions into the formal sector, I observe mpp, mrr and myp + mor.
When considering transitions into the informal sector, I observe mpr, myr and myy + moy. 1 also
observed the following transitions into the ‘other’ state: mopo and myo.

To recover myy, mor, myr and mop the following assumptions are made:

mor mor

myr +mor  Myr+ mor

53Tt would be interesting if workers were assigned randomly to sectors, to see whether selection reduces or increases
inequality, or what the aggregate wage variability would be if sectoral labor force quality were held constant (see
Heckman & Sedlacek, 1985).

64This estimate can be upward biased because: 1) Unemployment duration is only observed for the currently
unemployed; 2) It is more likely to have workers with higher lengths of unemployment in a sample of unemployed
workers at a particular point in time (a ‘stock’ sample).

55Other includes the inactive population.

56 Another approach may be to think about an underlying continuous-time Markov process that generates the
discrete time mobility process, and therefore, estimate the transition probabilities accordingly. See Maloney and
Bosch, 2007.

57In the survey, I have the following questions for the employed: 1) How long (months) have you been employed
continuously in the current job?; 2) How long (months) were you without employment between your current job and
the previous job? With these questions I can identify job-to-job transitions, and non-employment (unemployment or
inactive) to job transitions.
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mpy +mry +mou = mMyr + myr +myo

The transitions from the ‘other’ employment state as a fraction of the total transitions from non-
employment to employment are the same across sectors, and the sum of the flows into unemployment
are equivalent to the sum of the flows out of unemployment (steady state assumption).

Table 4] contains the estimated transitions m;;, for all 4 and j.

Once all transitions are recovered, the probability of transitioning from state ¢ in 2012 to state

7 in 2013 can be estimated using:

where 7; is the estimated number of individuals in the 2003 sample who were in state 4 in
20025
Let Nygo3 be the number of observations in the 2003 sample and p; the fraction of the 2002

sample in state ¢. Then:

1; = piN20o3

The estimated transition probabilities can be used to estimate the hazard (separation probabil-

ities) out of sector 4, conditional on being in state i up to period ¢, h;;(t), as follows:

—_—

h“(t) =1- Wii(t)

Table [5| shows the estimated annual transition probabilities. The probability that an individual
who was unemployed in the second quarter of 2002 remains unemployed in 2003 is 72 percent.
Ignoring time aggregation bias@ this statistic suggests a hazard rate out of unemployment condi-
tional on being unemployed of 0.28.

Mobility between sectors is dominated by mobility from the formal to the informal sector. When
conditioning on working in the formal sector, 81 percent of formal sector workers stay formal over
the course of a year. Even if persistence is very high, 6 percent transit to informal sector jobs and
only 3 percent to unemployment. These figures imply a hazard out of the formal sector of 0.19.

Transitions from informality to formality are less important, quantitatively. Only approximately
4 percent of informal workers transit to formal sector jobs. Given that persistence is very high (93
percent of informal sector workers stay informal over the course of a year), the estimated hazard
out of the informal sector is 0.07, lower than in the formal sector.

Table [6] shows the estimated hazards.

This empirical evidence supports the assumption in the model of direct transitions from formal
to informal, without intervening unemployment. Transitions from informal to formal are less im-
portant.

It is worth noticing that these probabilities are not instantaneous transition probabilities, since

%8In longitudinal data I observe n;, but that is not the case in cross-section data since I have a different sample of
individuals.

59Time aggregation bias may arise because the yearly measurement may combine multiple transitions into a single
aggregate transition, so transitions that occur at a higher frequency are not captured here.
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there are many workers who change status within a year whose transitions are not captured here.

4.2.2 Mean Employment and Unemployment Duration

Let ¢; be the duration spell for state ¢. Using a partial model of expected unemployment

duration where the hazard h;; is constant, it can deduced that:
G(t;) =1 — exp{—hyt}

so mean duration in state ¢ can be estimated using the estimated separation rate as follows:

—_— 1
B(t:) = B

In the data there are three sources of bias in unemployment duration since: 1) Duration is
only observed for the currently unemployed (incomplete spells); 2) The total length of the duration
is not observed (right censoring); 3) Workers with longer unemployment spells are oversampled at
at particular point in time. The first and third effects produce an upward bias in the estimate,
while the second produces a downward bias in the estimate. Assuming exponential durations, the
first two biases cancel out since under-sampling of short durations “cancels” with the underestimate
of long durations.

Data on non-employment duration (complete spells for the employed population) and employ-
ment duration for workers in the formal and informal sectors (incomplete spells) are also available.

Table [7] shows the estimates for employment and unemployment duration, using duration data
and estimated hazards. The estimated mean unemployment duration is 52 weeks using duration
data, much lower than the estimates produced using hazards (183 weeks). This suggests that time
aggregation bias can be quite signiﬁcantm

When using the FSO definition, a formal sector job lasts 69 months on average, an estimate
close to the one using hazards rates. Mean length of informal employment (FSO definition) varies
more when using the two methodologies: 100 vs. 167 months, suggesting that time aggregation in

the informal-sector may also be quantitatively important.

4.3 Estimation

In the estimation, I am particularly interested in matching aggregate unemployment and em-
ployment rate figures, getting reasonable labor market tightness parameters for international stan-

dardsﬂ and matching selected moments of the wage distribution in both sectors.

"There are many workers who make transitions from unemployment to other states that are not included in
the hazard estimate, leading to a downward bias in the hazard rate of unemployment, and an upward bias in
unemployment duration.

"'There are no reliable estimates for the Colombian case since there is no data on job vacancies.
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The parameter space is defined by the following 21 parameters:
Q = {7’,)\,b7ﬁ,A,Oém,My,O'Z%,BF7B[,O'F,O'[,PF7P[,T7M,(51,52,537C,a}

I partition the parameter space of the benchmark model in two groups: £; and 2,.
In the first group, parameters are fixed based on previous results from micro studies or data. In the
second group, parameters are estimated to match selected empirical moments, including the division
of the labor force among unemployment, informal and formal-sector employment, employment and
unemployment duration, and selected moments of the wage distribution.

Let €1 be defined as:

Ql = {T,PF,P],,LLy,O'E,)\,b,/B,A,am,él,ég,(sg,T,M}

The parameter values are chosen with a quarter as the implicit unit of time.

Table |8 summarizes the value of the fixed parameters based on data or micro studies.

The real interest rate in Colombia in 2003 was approximately 7.8 percent,EIso r is chosen to
match the corresponding quarterly rate. Price indexes of tradable and non-tradable goods are used
as proxies for the sectoral prices Pr and Py, respectively.

The parameters p,, O'Z are chosen to coincide with the corresponding empirical momentsm

I choose the rate of arrival of the productivity shock A equal to 0.04 times per quarter. I use
our micro data to test if the estimate falls within an admissible range. Using the separation rates

of the formal and informal sectors, hgpp and hyy, I can express A as follows:

N hrr
Hr(Rru(y) | v)
h
) 1

~ Hi(Rw(y) [y)

Using duration data, I estimate that a formal-sector job lasts on average 6.89 years (27.5
quarters) while an informal-sector job lasts 7.69 years (30.77 quarters). Assuming that employ-
ment duration follows an exponential distribution, I estimate formal and informal-sector mean
separation rates of 0.036 and 0.032, respectively. Given that 0 < Hp(Rpy(y) | y) < 1 and
0 < Hi(Rru(y) |y) <1, Ihave that 0.032 < A < oo and 0.036 < A < o0, , so assuming 0.04 shocks
per quarter is within an admissible range in the model@

The opportunity cost of leisure, b, is set equal to 1. In Colombia there were no unemployment
benefits in this period, so one must think about what the monetary compensation for the
unemployed should be, relative to the average wage, or the average ‘replacement rate’. According

to HKV2005, such a rate is 0.7 for European countries where benefits are relatively high, and 0.2

"Source: IMF, International Financial Statistics.

7 1 use educational attainment as a proxy for worker types.

™ In ANV2009 ) is set to 0.5 using one year as a unit of time, while in Hornstein, Krusell and Violante (2005)
(hereafter HK'V2005) A is set to 0.1 using one quarter as a unit of time.
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for the U.S (at most). In Shimer (2005) the rate is about 0.4, since b = 0.4 and the average wage
is close to 1. For the Colombian case, it may be reasonable to assume that this ratio would be
close to 0.2. Considering that the average wage in the model is close to 6.75, the chosen b gives us
a replacement rate of 0.15.

Following standard results in the literature, 3 is set equal to 0.5, so shares are split equally
between workers and firms [

The parameters of the matching function are set in the following way. I assume a standard
Cobb-Douglas function given by m(8)=A40'"m with A = 2.0 and a,,, = 0.5. Since there are no
data on vacancies for Colombia, I follow standard results for the U.S. from Mortensen and Nagypal
(2007) and Brugemann (2008). The first paper estimates this elasticity at 0.45 and the latter
between 0.54 and 0.63]@ Also, job-finding rates in the U.S. are estimated to be 0.45 per month,
or 1.35 per quarter. I assume job-finding rates in Colombia in the formal sector to be closer to 1.5
per quarterm Assuming a reasonable labor market tightness, 0, ranging between 0.5 and 1, gives
us a technological parameter A ranging between 1.5 and 2.12.

The policy parameters d1, do and s chosen correspond to the estimated 2003 values: s = 0,
61 = 0.534, 65 = 0.0837, and 3 = 0.118]

With regards to workers’ preferences, in the benchmark case it is assumed that workers do
not value social security services (7 = 0) as in a model without valuations, but they value social
assistance benefits partially (u = 0.5), so a change in 03 affects workers’ behavior@

Let Q9 be defined as follows:

QQZ{C7Q,BF,B[7O'F,O'I}

I want to match seven empirical targets@ the unemployment rate, formal and informal-sector
employment rates, formal and informal-sector employment durations, the differences in sectoral
mean log-wages, and the ratio between the log-wage variance in the informal sector relative to the
formal sector.

I simulate the model at the given parameter vector and calculate the moments of interest from

"SHere, the Hosios condition that requires 8 = ., is satisfied, but in this environment this condition does not
imply efficiency search because there is a ‘composition’ externality that is not internalized. When a firm hires a
type-y worker, it changes the mix of types in the pool from which other firms are hiring.

6 Alternatively I could have set the value of the elasticity closer to the labor share, but there are not reliable
estimates for Colombia. Shimer (2005) estimates this elasticity at 0.72.

""Notice that job-finding rates in the FS cannot be identified directly using data on unemployment duration
because the hazard rate out of unemployment depends not only on m(6) but also on the reservation productivity
rules.

" To get s, severance in the formal sector is one monthly wage per year plus 1 percent interest (or 8.33 percent plus
1 percent interest=9.33 percent of average wage), but since it’s paid every year and not when employment terminates,
it’s included in the total figure of §;. To get d3, I need to calculate the expected value of the services received in the
subsidized regime as a percent of the wage. I multiplied the value of the services offered in the contributive regime (I
assume their values are the same) by the corresponding probability of getting those services, so d3 = P;(61+32), where
P; is the proportion of IS workers who receive subsidized health in the data. See detailed employee and employer
NWL costs in Tables and

™71 will analyze in the policy experiments how results change with changes in valuations.

80 For the model to be identified, at least five empirical moments are needed.
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the simulated data. Then, I compare these moments to the empirical moments estimated using the
real data ]

Then, for the construction of our simulation-based estimator, I implement the following two-step
algorithm@

1. Set guesses for the parameters of the productivity distributions { Bp, By, op,o7}. Conditional

on these guesses, estimate {c,a} to match u, ny and njy.

2. Conditional on {u, ny and n;} obtained in the first step, estimate {Bp, By, 0,0} to match

Hin(We) = Hin(Wp)» Oin(Wg)/Tin(w;)s ter and te,. Iterate until convergence.

Table [9 shows the estimated parameters.

I estimate é;r equal to 0.62 and 1/3\1 equal to 0.41, so the mean productivity varies linearly
with education in both sectors, but the conditional mean of the match-specific productivity is less
sensitive to y in the informal than in the formal sector.

I estimate ¢ equal to 2.50. This implies that the cost of posting a vacancy as a proportion of
the model mean wage (vacancy ratio) is 37.04 percent, close to previous results in the literature@

I estimate & equal to 2.91 jobs per quarter in the informal sector, higher than the estimated
rate of arrival in the formal sector, 177(0?) equal to 1.67. These estimates seem reasonable given
other results in the literature F4

The implied replacement ratio in the model is 0.148, reasonable considering there were no un-
employment benefits in Colombia in the second quarter of 2003, and the estimated wage share is
0.63, within a reasonable range in the literature@

The model can approximately match the aggregate unemployment rate, formal and informal-
sector employment rates, mean employment duration in the formal sector, and the relative dis-
persion in log-wages within the informal sector relative to the formal. The model underestimates
relative mean log-wages. This can be explained by the fact that in the model there is no minimum
wage. Thus, if the moments of the wage distribution that the model produces were compared to the
moments derived from a counterfactual distribution of wages in the data, absent minimum wages,
the size of the bias would be smaller. The model also overestimates mean unemployment duration
and produces shorter mean employment duration in the informal sector.

Table [10] presents a comparison between the simulated statistics and the data-based statistics.

Figures[I3} 22 show the equilibrium objects and simulated distributions for the benchmark case.

Figure [13] shows the analytical density of worker types, y, assumed to be lognormal, compared

81 To simulate from the distributions fr(y) and fr(y), samples are drawn using quantile transform since the
analytical expressions of the densities are known, but not the underlying population parameters. After sampling
worker types in each sector, one can simulate productivities (conditional on types) given the population parameters
Br and By, and then use the wage functions to draw wages. Finally, Kernel densities can be estimated using the
simulated data and the simulation-based statistics of interest can be computed.

82This two-step algorithm is similar to the one used in Bradley, Postel-Vinay and Turon (2017).

83Tn Shimer (2005), the vacancy ratio is around 20 percent. In HKV(2005), the vacancy ratio is 32.4 percent.

84Tn Shimer(2005), job-finding rates are 1.35 per quarter.

85Wage share is the ratio of mean wages to mean productivities. In Shimer (2005), the wage share is 0.97.
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with the non-parametric estimate of F'(y) using sample fractions at each educational level. The
figure shows that the lognormal-assumption fits the data relatively well.

Figure [14] shows the steady state distribution of types across sectors, where the formal sector
distribution is shifted to the right compared to the one in the informal sector, consistent with the
empirical distribution. These densities are ‘contaminated’, i.e. only incorporate a restricted pool
of workers in each sector.

Figures and show monotonic unemployment and hazard rates out of unemployment by
type. The average unemployment rate and unemployment duration for workers with ‘high’ human
capital levels are much lower than for those who are uneducated, given that these workers tend to
accept both formal and informal-sector jobs.

Figure presents the reservation productivity schedules. The figure shows that Ryp(y) >
Ry(y) for all y, and both are strictly increasing in y. Conditional on type, workers in the formal
sector are pickier and less likely to start a match (and more likely to discontinue a match@ than
workers in the informal sector. ‘High’ type workers are pickier than ‘low’ type workers since they
have more outside opportunities, an effect that for this parameterization is stronger than the ‘labor
hoarding’ effect.

Figure shows monotone formal and informal-sector employment rates. ‘Low’ type workers
are more likely to be informal while ‘high’ type workers are more likely to be formal. I also observe
this monotonicity empirically.

Figure [I9] shows mean job durations, disaggregated by sector. Figures [20, 21] and [22] show
simulated steady state distributions of types, productivities and wages shifted to the right in the

formal sector@

4.4 Results
4.4.1 Labor Tax Experiments

In this set of experiments I simulate an increase of 4.46 percent and 7.53 percent in employer
and employee NWL costs, §; and &2, respectively@ Three scenarios are analyzed under different
workers’ valuations of social security services.

Scenario 1: No valuation of SS services (1 =0)

If workers do not value SS contributions (7 = 0), an increase in Jy is perceived as a pure net
cost from the worker’s perspective, while an increase in §; will not directly affect the worker’s value
function.

A higher value of §; makes vacancy creation less appealing for the formal-sector firm, decreas-
ing 6 from 0.67 to 0.62. An increase in d2 makes the formal-sector match less attractive from the

worker’s perspective. Increasing these NWLC shifts the reservation productivity Rry(y) up, so

8Here, Rru(y) = Rur(y) since it is assumed in the simulations that s = 0.

8"Notice how the simulated distribution of types in Figure is a very good approximation to the analytical
density shown in Figure

88This is the actual increase from 2003 to 2012.
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there is a higher probability of discontinuing the formal-sector match, reducing employment dura-
tion in the formal sector slightly (less than a month).

Because of the flows in the model from the formal to the informal sector, there is also a positive
impact on vacancy creation in the informal sector. Formal-sector workers are more likely to end
up in unemployment, so the expected benefits of an informal-sector firm hiring a formal-sector
worker affected by a ‘bad’ shock are larger. Vacancy creation in the informal sector is therefore
more attractive: ¢ goes up from 0.30 to 0.32. In other words, the informal-sector acts as a ‘buffer’
sector, absorbing some displaced workers from the other sector.

Given that there is more job destruction and less job creation in the formal sector, the formal-
sector aggregate employment rate decreases from 29.7 to 27.5 percent, but the level of absorption
in the informal sector is quite high, since the informal-sector aggregate employment rate increases
from 52.2 to 53.9 percent. As a result, the overall unemployment rate increases slightly from 17.8
to 18.2 percent@

This policy increases unemployment duration slightly (less than a month), and decreases
the hazard out of unemployment by shifting up the reservation productivity schedule, Ryp(y).

Figures and [25] summarize the impact of this policy on the distributions of worker types,
productivities and wages. The distribution of types in both sectors shifts to the right and is more
dispersed with this policy (due to the higher incidence of unemployment among the unskilled work-
ers), but the quantitative impact is very small. Given the compositional effects of this policy and
the upward shifts of the reservation productivity schedule, the density of productivities in the for-
mal sector also shifts slightly to the right, causing an average formal-sector productivity rise. Also,
when 07 increases, the benefits of the formal-sector firm negotiating with the worker are reduced,
improving the firm’s bargaining power in the negotiation, and causing a reduction in the formal-
sector wage. From the worker’s perspective, a higher d implies less benefits from the negotiation
agreement with the firm, improved bargaining power, and therefore a higher formal sector wage.

There are also some additional effects that need to be considered, since a higher reservation
productivity Ryp(y) implies a lower continuation value in the wage negotiation, and therefore a
lower formal-sector wage. The flow value of unemployment U(y) is also affected in equilibrium,
affecting the continuation value of the negotiation in both sectors.

Finally, the average formal-sector wage increases very little when considering all equilibrium
effects, so the log wage gap is barely affected (See Figure ) Total log-wage variance is scarcely
affected under this scenario.

In conclusion, the distributional impact of this policy when workers do not value SS contribu-
tions is minimal.

Scenario 2: Medium valuation of SS services (T =0.5)

When workers value social security services somewhat, 7 > 0, qualitative results change since

workers may perceive this policy either as a policy that reduces employee NWL costs (or a reduction

89These statistics cannot be compared one-to-one with the statistics presented in Section 2 since they are valid
for a restricted subsample, not for all urban workers.
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in the payroll tax) or as a net subsidy from the government.

In this case, formal-sector firms are affected by higher NWL costs (higher 1), and therefore,
they are more willing to end the match. Under this parameterization, the parameter by is actually
reduced (from 8.3 to -23.3 percent), which means that from the workers’ perspective, this policy is
perceived as a subsidy that increases formal-sector wages by 23 percent. Workers are more willing
to continue in a formal-sector match, counteracting the initial upward impact on the reservation
productivity. The latter effect dominates, so the probability of discontinuing the formal-sector
match goes down, increasing job duration in the formal sector by about 2 months.

From the job creation side, workers are also more willing to start a formal-sector match (a lower
Ryr(y)), affecting job creation positively in the formal sector (6 goes up from 0.67 to 1.69). There
is less vacancy creation in the informal sector (¥ goes down from 0.30 to 0.10).

Overall, this policy will significantly shift employment from the informal to the formal: the
informal-sector aggregate employment rate decreases from 52.2 to 25.7 percent, and the formal-
sector aggregate employment rate increases from 29.6 to 59.9 percent. The higher labor market
tightness and expected formal sector job duration imply a significant reduction in the overall un-
employment rate from 17.8 to 14.1 percentage points. The hazard out of unemployment increases
substantially, decreasing average unemployment duration from 69 to 53 weeks.

The distributions of worker types in both sectors shift to the left slightly (due to a drop in the
unemployment rate among the unskilled workers), and become more compressed in the informal
sector (See Figure . Given these compositional changes and the downward shift in the formal-
sector reservation productivity, average formal-sector productivity decreases significantly relative
to informal-sector productivity (see Figure . The strong negative impact on productivity drives
formal-sector wages down, producing a significant fall in the log-wage gap (0.26 log wage points),
and a significant reduction in between-sector log-wage variance. Even if this policy makes the dis-
tribution of wages within each sector more dispersed, the impact of the log-wage gap dominates,
and as a result, total variance of log-wages falls substantially by 33.7 percent (see Figure .

Scenario 3: High valuation of SS services (1 =1.0)

If workers value these contributions highly (7 = 1), an increase in dg, will not affect the worker’s
flow utility. Nonetheless, an increase in d; will increase the flow income in the formal sector, since
workers associate this increase with more valuable and efficient services.

In this case, aggregate and compositional effects are of of higher magnitude. The informality
rate is reduced to 11.7 percent, the formal-sector employment rate rises to 75.3 percent, and the
distributions of worker types in both sectors shift to the left. The distributional impact is also
quite sizable. This ‘subsidy’ to formal-sector workers shifts the density of formal-sector productiv-
ity to the left and compress it, via the downward shift in reservation productivity. The opposite
happens in the informal-sector productivity density. Therefore, the log-wage gap is narrowed and
even becomes negative (see Figures and .

Overall log-wage inequality is substantially reduced by 28 percent, driven by the important

decrease in between-sector variance.
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4.4.2 Subsidized Health Experiments

I simulate an expansion in publicly-funded health insurance programs to informal sector work-
ers. While in the benchmark case only 19.2 percent of informal workers have access to subsidized
health, here I simulate an increase in coverage up to 50 percent of informal workers, that is an
increase in d3 by 159.7 percent@ Two scenarios are made for medium and full valuation of these
services.

Scenario 1: Medium valuation of SA services (u = 0.5)

An expansion of subsidized health (increase in d3) has a relatively small positive impact on the
size of the informal sector (from 52 to 54 percent)ﬂven if the simulated percent change in d3 is
big (159.75 percent). This is explained by the fact that the initial size of d3 is quite small, given
that a very small percentage of informal-sector workers were covered by the subsidy in the second
quarter of 2003.

The job destruction curve in the informal sector shifts down (a lower reservation productiv-
ity Rry(y) for each labor market tightness 1), since workers have more benefits when continuing
employment in the informal sector, and therefore are less likely to discontinue the match. This
suggests an initial expansion of vacancies in this sector.

Nonetheless, the assumption that formal-sector workers may move to the informal sector in case
of a ‘bad’ shock introduces additional equilibrium effects which may counteract the initial positive
effect on informal-sector vacancies. If formal-sector workers have a 'bad’ productivity shock and
have the option to move to the informal sector, they will receive more continuation value (benefits)
from the current formal-sector match when 03 rises. This shifts Rry(y) downward, so workers in
the formal sector are less likely to end the match and more likely to start a formal sector match
(lower Ry p(y) as well). If workers in the formal sector are less likely to end the match, the expected
benefits of the informal-sector hiring formal-sector workers affected by a ’bad’ shock are lower, neg-
atively affecting vacancy creation in the informal sector and counteracting the initial positive effect
(¢ decreases slightly constant).

The health subsidy increases job duration in the informal-sector slightly by shifting down the
reservation productivity schedule, and increases the informal-sector employment rate from 52.2 to
54.1 percent. By making formal-sector vacancy creation less attractive, 6 is reduced from 0.67 to
0.51.

Given that labor market tightness is reduced significantly, the aggregate unemployment rate
increases from 17.8 to 18.1 percent, and the employment rate in the formal sector declines from
29.6 to 27.5 percent.

Both distributions of worker types are shifted to the right (due to a higher incidence of unemploy-

ment among the unskilled workers), but these compositional effects are small. Mean productivity

90 There is no good proxy for ds in the data. Therefore, to approximate 63 in the benchmark case I assume that
03=ps(d1+92), where p; is the proportion of IS workers who receive subsidized health. The value of the SA services is
the same as the value of SS services (0.617 in benchmark case), adjusted by the probability of receiving those services.
This generates a change in d3 from 0.1185 (0.192*0.617) to 0.3085 (0.5*%0.617).

9'This is more or less consistent with previous results found in Camacho, Conover, Hoyos (2013).
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in the informal sector falls slightly, driven by the downward shift in the reservation productivity
(see Figure 20). Consequently, the average informal-sector wage falls relative to the formal, slightly
increasing the log-wage gap.

The size of these distributional impacts is also quite small (see Figures and . There-
fore, the effect of this policy on overall log-wage inequality when workers have partial valuation of
these services is minimal.

Scenario 2: Full valuation of SA services (u = 1.0)

When workers view the health subsidies as more valuable, the qualitative impacts are similar
to the previous case. Equilibrium effects are of smaller magnitude, so formal-sector reservation
productivity rises, leading to a stronger positive-effect on formal-sector productivity. As a result,
the log-wage gap increases more than in the previous case.

This policy increases unemployment duration significantly by 7 weeks, and decreases the hazard
rate of unemployment by shifting up the reservation productivity schedules, Ry r(y). Distributional
effects do not vary significantly relative to the previous case (see Figures and .

4.4.3 Relative Price Experiments

I simulate a drop in the price of tradables relative to non-tradables by 5 and 10 percent@

When the formal sector is less profitable due to trade policies or other factors that reduce
relative prices (formal relative to informal), there is more job destruction and less job creation in
the formal sector, increasing reservation productivity Rypr(y) and making vacancy creation in the
formal sector less attractive.

In the informal sector the impact is quite the opposite, since a lower Ry (y) induces more job
creation. A fraction of the workers displaced in the formal sector will be absorbed in the informal
sector, and the rest will join the pool of unemployed. The rise in the number of job seekers in the
informal sector (unemployed and formal-sector workers affected by bad shocks) is more than offset
by an increase in vacancy creation in the informal sector, so ¥ rises. The reduction in formal-sector
vacancies as well as the higher number of unemployed job seekers make 6 fall.

A reduction in relative prices has similar qualitative aggregate effects as the labor taxes policy
with 7 = 0: there is a shift of resources from formality to informality, but in this case, many of
the displaced workers will not be absorbed by the informal sector, inducing a larger rise in overall
unemployment. A lower hazard out of unemployment implies an increase in mean unemployment
duration, while job duration in the formal-sector decreases and in the informal sector increases.
When prices drop significantly by 10%, mean unemployment duration can rise up to 9 weeks.

These aggregate impacts are more sizable than in the case of labor taxes with 7 = 0 since there
are two effects that come into play: the direct effect of the change in prices on worker and firm
surpluses, as well as the equilibrium impact due to changes in reservation productivities and market
tightness.

With regard to compositional effects, both distributions of worker types shift slightly to the right

92Real appreciations of this magnitude occurred after 2003.
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(as in the previous experiment, the policy leads to a higher incidence of unemployment among the
unskilled workers). With regard to distributional effects, the density of formal-sector productivity
shifts to the right, reflecting the upward shift in the reservation productivity, while in the informal-
sector, it shifts to the left.

Two forces may affect log wage inequality in opposite ways: a lower relative price of formal-
sector goods entails a lower wage rate in the bargaining negotiation, but the rightward changes
in the distribution of types and productivities push the average formal-sector wage up. The first
effect dominates so mean log wages in the formal sector decrease.

Despite the higher informal-sector good price, the mean wage in the informal sector drops as
well as a result of the downward shift in productivities, so the overall impact on the log-wage gap
is quite small. Both wage distributions shift to the left slightly (see Figures [38{43). Overall wage
inequality is not affected significantly.

Table [L1] summarizes the results of the simulated experiments.

5 Concluding Remarks

In this paper I build a search and matching model to understand the impact of labor market
policies and social assistance programs on steady state unemployment, informal sector size and
wage distribution in a small open economy with search frictions and idiosyncratic productivity
shocks. I solve the model numerically and estimate the structural parameters using Colombian
household-level data. The model accounts for the division of the labor force among unemployment,
informal and formal sector employment, selected moments of the earning distribution, and
formal-sector employment duration. I simulate the model and perform a set of policy experiments
consistent with the policy reforms implemented in this developing economy in the last two decades.

My contributions to the literature are on two fronts: within the literature of reforms, I provide
a new perspective on the impact of the reforms using a structural model; within the search and
matching frictions literature with an informal sector, I generalize previous settings by building the
informal sector as a ‘disadvantaged’ sector of a dualistic labor market (consistent with empirical
evidence), and add an extra dimension of heterogeneity to fit better the wage distribution.

An expansion of public health insurance to informal sector workers, high payroll taxation and
changes in relative prices (tradables vs non-tradables) may affect the division of the labor force
into unemployment, employment in the formal and informal sectors (aggregate effects), the mix of
workers in the two sectors (compositional effects), and the distribution of productivities and wages
(distributional effects). From a policy perspective, it is critical to quantify these effects.

The counterfactual experiments performed suggest that the valuation of social security services
and subsidized health is crucial.

Changes in labor taxes have small effects if workers do not value social security services, but
may have quite sizable aggregate, compositional and distributional effects if workers associate

high payroll taxes with more valuable and efficient services. This perception of labor taxes as net
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transfers may actually induce a shift of resources from the informal to the formal sector and reduce
unemployment, as well as improve overall income inequality by introducing important reductions
in the log-wage gap among sectors. The higher the valuation of SS services, the more progressive
these labor market policies become.

Social assistance programs that expand subsidized health to informal sector workers may only
have mild effects if workers only partially value these services, even if the simulated increase in
coverage to workers unregistered in this subsidized regime is quite significant. On the other hand,
if workers value these services significantly (i.e. they perceive that the quality is comparable to the
benefits offered in the contributive regime), expanding subsidized health may induce an increase
in the unemployment rate by 1.5 percentage points, and an increase in unemployment duration of
approximately 6 weeks.

Finally, changes in relative prices that negatively affect the relative profitability of the
formal sector have quite sizable aggregate effects, producing more long run unemployment and
informality. They can also increase the spell of unemployment by 9 weeks. The compositional and

distributional effects are modest.
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Tables

Table 1: Descriptive Statistics for Employed

All Employed Informal Formal I/F Ratio

Sample Size 16,405 10,446 5,959 1.75
Population 7,974,924 4,799,786 3,175,138 1.51
E(InWs) -0.73 -1.11 -0.48 2.30
SD(InWs) 2.01 1.85 2.06 0.90
E(tes) 88.51 92.33 82.77 1.12
SD(tes) 106.22 113.70 93.60 1.21
E(tnes) 6.90 7.34 6.33 1.16
SD(tnes) 13.13 13.63 12.45 1.09
E(YSs) 10.31 9.13 12.15 0.75
SD(Y'Ss) 4.17 3.82 4.20 0.91

Author’s calculations based on ECH, Second Quarter 2003, 13 Metropolitan Areas. All statistics
weighted using expansion factors. Y Ss: years of schooling. Employment and non-employment du-
ration in months. Informality using SP(health and pension) definition. Log of Hourly Wages in current
dollars of 2003. I/F ratio is different in the sample than in the population because of sample weights.

Table 2: Decomposition of Variance in Log Hourly Wages

Informal Sector

Mean of Log Wages (M) -1.11
Variance of Log Wages (o1) 3.42
Proportion of Employed in Sector (P) 0.39
Formal Sector
Mean of Log Wages (M>) -0.48
Variance of Log Wages (o2) 4.27
Proportion of Employed in Sector (P2) 0.61
Economywide
Mean of Log Wages (P1 M1 + P>M>) -0.73
Sum of Within-Sector Variance (Pio1 + P202) 3.94
Between-Sector-Variance Py Po(M; — M2)? 0.09
Total Variance 4.04

Author’s calculations based on ENH, Second quarter of 2003, 13 Metropolitan areas. All statistics
weighted using expansion factors. Informality using SP (health and pension) definition. Log of
nominal hourly wages in current 2003 dollars (Exchange Rate =2877.65 Pesos per dollar - Source:
World Bank)
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Table 3: Descriptive Statistics for Unemployed

All Unemployed

Sample Size 3,606
Population 1,810,468
P(seU) 0.185
E(tus) 51.53
SD(tus) 53.15

Author’s calculations based on ECH, Second Quarter 2003, 13
Metropolitan Areas. Unemployment duration in weeks

Table 4: Transitions across Labor Market States (Population Values)

From \To Unemployment Formal Sector Informal Sector
Unemployment 1,435,620 106,308 141,453

Inactive 124,238 196,693 261,717
Formal Sector 101,282 2,590,524 192,138
Informal Sector 149,328 191,894 4,294,197

Author’s calculations based on ECH, Second Quarter 2003, 13 Metropolitan Areas. All statis-
tics weighted using expansion factors. Informality using Firm size and Occupation definition.
By adding the number of rows in each column I recover the total number of individuals in each
labor market state in the second quarter of 2013.

Table 5: Annual Discrete Transition Matrix

From \To Unemployment Formal Sector Informal Sector =~ Other  Sum
Unemployment 0.72 0.05 0.07 0.16 1.0
(0.004) (0.0026) (0.0020) (0.0030)
Other 0.04 0.06 0.08 0.82 1.0
(0.002) (0.0042) (0.0051) (0.0010)
Formal Sector 0.03 0.81 0.06 0.10 1.0
(0.0021) (0.0030) (0.0010) (0.005)
Informal Sector 0.03 0.04 0.93 0.00 1.0
(0.0024) (0.0018) (0.0022) (0.004)

Author’s calculations based on ECH, Second Quarter 2003, 13 Metropolitan Areas. All statis-

tics weighted using expansion factors. Informality using Firm size and Occupation definition.
Standard errors in parentheses

Table 6: Estimated Hazards

Unemployment Formal Sector Informal Sector
Estimated Hazards 0.28 0.19 0.07
(0.0041) (0.0030) (0.0022)

Author’s calculations based on ECH, Second quarter 2003, 13 Metropolitan Areas. All statistics

weighted using expansion factors. Informality using Firm size and Occupation definition. Standard
errors in parentheses
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Table 7: Estimates of Employment and Unemployment Duration, by Sector

Unemployment  Formal Sector

Informal Sector

(Weeks) (Months) (Months)
Estimate using hazards 183
(0.0041)
FSO Definition 62 167
(0.0030) (0.0022)
Estimate from Duration Data 52
(0.903)
FSO Definition 69 100
(1.16) (1.11)
SP Definition 82 92
(1.21) (92.33)

Author’s calculations based on ECH, Second Quarter 2003, 13 Metropolitan Areas. All statistics weighted

using expansion factors. Standard errors in parentheses

Table 8: Fixed Parameters -Based on data or previous micro studies

Description Value
PARAMETERS
r interest rate 0.02
Pr price formal-sector good 0.84
Pr price informal-sector good 0.76
Uy mean, worker types 10.31
05 variance, worker types 17.38
A rate of arrival productivity shock 0.04
b opportunity cost of leisure 1.0
B worker’s Nash bargaining power 0.5
A technological parameter, matching function 2.0
Qm elasticity matching function 0.5
PUBLIC POLICY
PARAMETERS
01 employer NWL cost as percent of F'S wage 0.534
d2 employee NWL cost as percent of FS wage 0.083
03 subsidized health as percent of IS wage 0.118
s severance cost 0
VALUATION
PARAMETERS
T FS worker, valuation of social security services 0
I IS worker, valuation of social assistance services 0.5
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Table 9: Estimated Parameters (Moment Simulation)

Description Value
PARAMETERS
c cost of posting a vacancy 2.50
rate of arrival IS opportunities 2.91
Br FS idiosyncratic productivity, log mean parameter 0.62
Br IS idiosyncratic productivity, log mean parameter 0.41
oF FS idiosyncratic and match-specific productivity, log standard deviation 0.65
or IS idiosyncratic and match-specific productivity, log standard deviation 0.68
Table 10: Estimation: Data-based vs. Simulated Statistics
Variable Model Data
AGGREGATE UNEMPLOYMENT AND EMPLOYMENT RATES
u 17.86 18.50
(0.0022) (0.0027)
ng 29.66 32.44
(0.0152) (0.0033)
nr 52.23 49.05
(0.0174) (0.0035)
LABOR MARKET TIGHTNESS
0 0.67 n.a.
(0.1048)
9 0.30 n.a.
(0.0043)
MEAN EMPLOYMENT AND UNEMPLOYMENT DURATIONS
tu 68.6 51.5
(1.1401) (0.9032)
tep 6.52 6.89
(0.0151) (0 .1011)
te, 6.52 7.69
(0.0125) (0.0929)

MEASURES OF WAGE DISPERSION

Hin(Wg) — Hin(Wy) 0.40 0.63
(0.0045) (0.0430)

Tin(w;)/ Tin (W) 0.88 0.89
(0.0167) (.0126)

2 Unemployment and employment rates in percentage points. Unemployment duration in weeks. Mean employment
and unemployment durations in years. Durations from data are estimated using observed durations, not estimated
hazards. Standard errors in parenthesis. The standard errors of the simulated statistics are constructed using
bootstrapping (thirty bootstrap replications).

40



G0 =1 ‘0= + sjuowrtodxo Jo 39S 9s9Y) U]
"0 = + sjuewLrodxs Jo jos oSOy U |
¢’ = 1 sjuowirrodxo Jo 19s 9soY} U]

'sreaf ut uoryenp juswihordue ‘sypom ut uolyemnp juswdodweun o
'ssoooxd Jurdures o) jo suonjedar o[diynw pue (wnuqiymbe o91els
Apeoys Suryewrxordde I0J §10900A [RIITUI POssONS) SUOIIIPUOD [RIHIUI UI soSuryD 07 ISNCol oIe sjmsal uorpenuurg ‘syutod afejuodted ur sejer juswikojdwe pue juswfordwoup) .,

€99 979 8L G80°0 8200 9500 0¥°0 §¥°0 6€°0 8¢9 0L°8T 9L°61 %O0T Aq 1T I /g
789 679 €L G80°0 1€0°0  €%0°0 070 LE0 €70 LE'8G 89°CC 69°81 %S Aq 1 I1q/9d
oSOOlId dATIR[9Y V
67’9 879 9. 8600  ¥¥0'0  ¥S0°0 770 1€°0 LTL°0 1608  7L'6C 6761 =1
€99 €99 04 160°0  6€0°0 ¢s0°0 (4t 620 16°0 IT7¢ 16°L¢ ar'8l go="1
%VL'65T 4q | €9
p VSV
ve'9  €L9 Ly ¥90°0 00000  ¥90°0 90°0- ¥0°0 9 IL°T1 GealL 89°¢CI 0rT=+<
a9 L9°9 €4 6500 7000 LS00 ¥1°0 010 691 €L°9¢ 06°6S 1Tyl g0=+<
68’9 099 0 0600  L£0°0 €500 170 g0 ¢9°0 ¥6°€S 16°L¢ 8¢8I 0=+
%EG'L L 0 “%IVY L Te
_sexeJ, JoqeT
¢899 299 69 680°0  €¥0°0 ¢s0°0 0¥°0 0€0 L9°0 €C'Cs 99°6¢ 98°L1 go=1'0=1 ¢ PR IRMYOUSY
Tug dug n 0 Sdo SMo Imuny] — Iy @ 0 Iy dy n e
suorjeIn(] Uedjy S100PH [RUOINLIISI(] sseu)ySLY, NI $300]H 99e30133Y suorjenyeA

q

S9OLIJ OATJR[OY PUE 90URISISSY [RIN0G ‘SIION0J FOS[IRJN I0qerT JO S109[F [eUonnquIIs[( pue Jeuoryisodwio)) 1T 9[qe],

41



"210¢ 3O L09T Mer] pue L00g JO gglT MeT ‘€00T JO L6L MBT ‘66T JO 00T MeT eeg 'sepoy) I0qer] a1} Ul poysi[qe)se son[es AI0JNJe)s U0 paskq SUOHE[MO[R) S IOYINY

(AOVM A0 yuedied gV)

00°6 00'6 G.8'8 GL8'8 GL'8 G298 GLE'8 gcI'8  9L8.L 08¢ 099 097F 08y €8¢ OTMN HIAOTAINH
TVLOL
00T 00T 00T 00T 00T 00T 00°T 00°'T 00'T 00T 00T 000 00°0 puny £jrreprjog
SHHH.LO
00°8 00’8 GL8°L  QL8L  GLL  GT9'L GLE'L gcr'L 9L89 087V 097 0S¥ 08y €8¢ £yumosg erog ejoiqng
0¥ 0y 0¥y 00y 007 00% 00¥ 00'¥% 00y €¢¢ €€C €E€C €€°C €€C HesH
0¥ 0y G.8'¢ GL8E QL€  GT9E GLEE ¢er'e  QL8c¢ LT'ec LT'C LTC LT°C 0S'T uorstuad
ALTHNDIS TVIODOS
€102 ¢10c-800¢  L00¢  900¢ S00¢ ¥00C  €00C-9661 G661 7661 €661 <C66T 1661 0661 —G86T  ¥861

wIojeY ¢10¢¥s0d

ULIojeY L00THs0d wIoyey €00¢¥0d WLIOJY €£6350d wIoyey 063s0d 066T-G86T V861

(£102-F86T) sonfep A10injeg-(eSepy Jo juediad se) s1s0)) I0qer] a8ep\-UoN dofordus pofresod :gT 91qeL

42



‘98em WNWITUIW 9 X()] URY) SSo] Suruies sioxiom o3 parjdde A[uo gI(g Ul SUOINJLIIUOD [ejejsered Ul UOIPONPAI YT,
“Teriure uoroesuedwo)) op sele)) 0} seourMO[[Y A[le] pue ‘Jg)] 01 SI9JsuRl], pur{-u] ‘YNHS 0} siojol Surured],
"JUNOdOR [RIOURUY ® UI SISRq AJUOW © UO

sjuowided j1s0dep 0} 9ARY WLIY 90UIS SpIemIa)e Xej) [[014ed © OJUl pouin) sem 41 g ‘WIojoy Ioqer] 066T o3 03 Ioud uorjeuruie) juewAojduwe uodn pred sem Aed sourionsg
"YSLI ¢ [9A9] ® JO son[eA oY) MOYS | ‘910 "(3SLI 1soyS1y) ¢ 99180p 0} (SLI 3somo[) T 92130p woiy Surdues ‘woryednodo oY) UT JSII JO 99180P oY) Ym ATea suorpesuoduwod AInlur JIoan
'T10T JO LO9T meT pue ‘L00g JO gTTT AT ‘€00T JO L6L MeT ‘€661 JO 00T MeT ‘0661 JO 0G MeT 995 'S9PO)) I10qeT] oY) Ul POYSI[e}sd SoN[eA £I09Nye)s UO Paseq SUOIR[NO[e)) S I0YINY

(AOVM A0 yuedied gV)

8L°0¢ 8L°G¢ I7'es 1678 €978 9179 1ves 9€'€G  TE€€S  86'GY 899V B8ELV 80°L¥ GL'GY OTMN HHAOTIINH
TVLOL
88'€C 88'€C 88'€C 8B'EC 8Y'EC 8YET 88'€C 8¢'V¢ 8¢'Gc 86'9C  89'9¢ 8E'LT 80'8¢ 80°8¢ SO Tel0qng
0€'6 0€'6 0€'6 0€'6 0€'6 0€'6 0€'6 00T 0L0T VI el 8¢l ger g€l Leq eoueIaAag
Ge'9 Gc'9 Ge'9 gc'9 Gc'9 Ge'9 Gc'9 §gc'9 Gc'9 Ge'9 Ge'9 §gc'9 gc'9 gc’9 SUoIyedRA pred
€e'8 €E'8 €e's €E'8 €e'8 €e'8 €e'8 €E'8 €e'8 €e'8 €e'8 €€'8 €E'8 €e'8 sosnuog Arorepuey
SHHH.LO
0¥ 06 06 06 06 06 06 06 06 06 06 06 08 08 [Brels-RIed [e301qNS
00'v 00'v 00'v 00'v 00'v 00V 00'v 00'v 00'v 00V 00'v 00'v 007 0¥ SOURMOTTY ATrue ]
00°0 00°€ 00°€ 00°€ 00°€ 00'€ 00°€ 00°€ 00°€ 00'€ 00°€ 00°€ 00°¢ 0¢ SIojuel], Purs[-uy
00°0 00°¢ 00°¢ 00°¢ 00°¢ 00°¢ 00'¢ 00°¢ 00°¢ 00°¢ 00°¢ 00°¢ 00°¢ 0¢ Sururedt,
TVLVLS-Vdvd
06°¢c 06°¢¢ €4'cc  €0cc 99'1¢  8T'IC €4°0¢ 8L°6T €061 00'TT O00'TT 00 TT 00'TT 19°6 Aumodag [eoog [e10iqng
Ve 0v'e 0v'c 0v'c 07'c 07'c 07'c 0v'c 07'c 00°¢ 00°¢ 00°¢ 00°¢ 0¢ Amluy sp10pq
09’8 098 049'8 00'8 008 00'8 00'8 00'8 008 L9V L9V L9V L9V L9V UiesH
00°¢t 00T €9°TT  ¢911T 9C'1T L8801 ¢1'0t 8€'6 €9'8 €ev €EV €EV €EV 00°€ uolstad
ALTHNDOHS TVIODOS
€10¢ ¢l10¢-800¢  L00Z  900C  €00C  ¥00&  €00¢-9661T G661  ¥661 €661  C661 1661 0661 —G86T V86T
ULIOIPYZTOCISOd  Wofey L00&Hs0d uLogey €00g1sod W10y €6150d uLogey 063504 066T-986T 7861

(£102-F861) senfep Aroinyeig-(eSepy Jo juediad se) s3s0)) Ioqer] a8ep)-uoN IeAojdwry pareld( €T 9[qel,

43



‘9661 240f2q SUOLINQLIIUO0D UO0LSUID U0 UOLIDUL

-40fur ou s1 9421 J, 'SA204NG PJOYISNOF UDLQULO]O,) UO PISDQ UOLIDINIIDI S, LOYINY
Agyreurioyuy

Jo uonjIuyep Aq ‘sejey] A}[RULIOJUT JO UOTIN[OAY :f INSI]

uolsuad pue yjeaH-ajey Anjewio] — — — —
UeaH-erey Auewlo] —e—

Lioisuad-ayey Aujewsopu)

JeoA
102 6002 002 666} 661 686} 7861
| | | | | | |

L
o

sfioaung ploYasNOL UDIQULO]O)) UO PISDQ UOLIDINIIDI S, LOYINY

uoryen(] juewidojduot) wea\ JO UOIIN[OAR 7 9INST

JBBA
1454 600cC 00¢ 6661 661 6861 861
L L L L L L L

n
o

(sy@a\) uonein swAojdwaun

soan3ryq

YUDG DU UDIQULO]O,) :9DINOT
‘09seJ pu® So[eZIURIN ‘UI[[OpaIN ‘I[e) ‘ejo3og ‘e[[inbueireg
‘eSuewrereong :seare ue}[0doIJOIN USADG "SISNIOM URQIN [[Y

orey JuowAo[duy JO UOTIN[OAH :¢ oInSI

Jesg\
by 102 1b6002 1by002 1be661L Lbye61 1beg61L 1byg6L
L L L L L L L

T T
SS 0S 14
(uao1ad) aley JuswAojdwg

T
09

YUDG |DIIUD) UDIQULO]O,) :9DINOT
‘olsed pue So[RZIURIN ‘UI[[OPoIN ‘I[eD ‘ero8og ‘e[[Inbueireg
‘efuewrereong :seale ueII[OdOIIS]\ USADS ‘SIONIOM URQIN [

arey JuewAo[dwou ) JO UOTIN[OAY :T 9INII

JI-EN
by Loz 1bs00z 1br002 Lbe66 Lby661 1bege L Lbyge L
L L L L L L L

o

(o] %

St
(Jusoiad) arey swAhodwaun

0c

44



$fiaaung ploYaSNOL UDIQULOJ0) U0 PISDQ sfidaungG PlOYISNOF UDIQULO0) U0 PISDQ
UOUDINIIDD S, LOYINY (224Nn0G Q00T JO SIB[[OP jurisuod ur saem Aoy jo forp UOUDINDDD S, LOYINY 224M0G Q00T JO SIR[[OP jurisuod ul seSem A[Inoy jo forg

So8eA\ A[INOYH S0 JO URIJN JO UOTIN[OAY :Q 9INSI  S98RA\ A[INOH S0 JO 9OURLIRA JO UOIHSOAWIO09( :), 9INSI]

KaAINg PlOYaSNOH UBIGUIO|OD U0 Paseq UOHONAISUOD S,J0UINY:80IN0S KaAINg PIOYaSNOH UBIGUIO|OD UO Paseq UOHONAISUOD S,J0UINY:80IN0S
lewJo ‘ebepp [eay AlunoH BoT——— [ewloju| ‘@bep [eay AlinoH 60 — — — BOUBLEA 10}09S-UsOM}dg ——  9OUBLIEBA J0}O8S-UIYIAN —e——
JEENN Jeax
14 —kow mﬁom vﬁom mﬁm— vﬁm 3 mﬁm 3 vﬂm 3 14 ION mﬁom ¢ﬁom mﬁm 3 Xmm 3 mﬁm 3 ¢ﬁm 3

| =7 [ C._
& o -z

re 2 =
@ =
[] 3
o @
@ . | -9

L~ gw F ;8
= <
s 5
=3 )
o =1
3. a

Lo % R - N©

Lo o] Lo

sfioaing ploYasNOF UDIQULO]O) U0 PasSDq sfiaaung ploYasNOL uUDIQULO]0)) UO PISDq
UODINIDD S, LOYINY :204n0G *RO0T JO SIB[[OP jurISUOD ul sofem A[INoy jo Sor] UOUDINIIDD §,LOYINY/ 204m0§ 00T JO SIR[[OP jue)suod ul sofem Aoy jo Sor

m@&@g \AMHSOHIH WOJ_” MO @Og‘mw.ﬂm\/ MO QOMPSHO\/M “© @HSWTW._” ‘UOLIPYLID Yj[reY Uuo poseq Ajrewioju] ‘Imuj — Jdmu) se peugep deyn) oSep\ Sor]
dex) o3ep\ S0 JO UOTIN[OAY :G 2INJIq

TeaA KoAINg PIOYSSNOH UBIGIOJOD UO PasEq UORINISUOD S,JOYINY:80.N0S

vi0e 6002 002 6661 661 6861 861 BN
L L L L L L s vi02 6002 002 6661 66} 6861 7861
1 1 1 1 1 1 1

o

o

gl
aouenep abepy-60
T
L
den abep-601

c't

T
4

vl

45



sfiaaungG PloYaSNOE] UDIQULOJO) UO PISDQ
SUOUDINIID,) S, 40YINY TO0T 9I10Jo(q SAoAINs oy Ul A}I[Iqe[IeAr €jep ON -owISay
PozZIpPISqNG oY) 0} SSO00® 9ARY OYM SISNIOA\ I0309G-[eULIOJU] JO oFejusdIog

[I[eOH POZIPISNG JO UONNOAY :gT SIS

YUDG |DIIUDD) UDIQULO]O,) [994N0G {BET 9I0Jaq Aj[Iqe[iese
©)ep ON 'SO[qRPRIT,-UON O} 9ATJR[AI SO[qRpPRI], -Xopu] aSeioAy A[1931end) 14D
SOOLIJ 9AI)R[OY JO uOIIN[oAY :TT @.:amfm

(oo ssa| sway |ly) 001=800g 99Q:9seg Xopu| IdD
BN

Teap
vLoe 6002 vooe 666+ vest 6861 V86l ibvioz  tbs00z  tbyooz  LbeesL  LbvesL  Lbegsl  Lbyesl
1 1 1 1 1 1 1

F8w F o O

c o

2 o

[o% c

N O

[o] =3

g 8

T bo<

@

o >

83 &

\Dﬁ 3

o &

! g

5 r—4

g &

B &

Lo 3

8 LZZ

g S

i

g g

= I

3 &

Lg Fo o
sonyp) fiuogngnig uo pasvq sanuA fiiognynig uo pasnq
SUOWDINDIDY) S, LOYINY “SISOD 9SOYY JO UOIPONIISUOD PI[IRISP © 10f I 9[qR], 99 SUODINID,) S, 4OYINT SISOD OSOT) JO UOIIONIISUOD POIIRIdP ' I10J ¢ 9[qE], 998
(95em Jo % se) (03 Jo 9 se)

$1800) I0qRT d8RA\-UON] 92A01dWH JO UOIIN[OAY ()] 2INSL] SIS0 I0qer] 98eA\-UON IoAo[dwiy JO UOIN[OAY :6 9INSL]

Jesp JesA
7102 02 8002 G0OOZ 2002 666 966+ €661 066+ /861 V86 vI0Z HLOZ 8002 G002 2002 666+ 9661 €66+ 0661 .86} V¥86L
L L L L L L L L L L L L L L L L L L L L L L

e r&

87

S
(abep Jo %se) siso) Joge] abep-uoN Jakojdwg

(abe JO %SE) S1s0)) Joge abep-uoN aakojdwg

46



yuowrAojdwou ) Jo 9No 93y pIezel :9] 9IN3Iq

A ‘sadA 1 Jaxiom

orey Juowkordwou) :GT 9InGig

A ‘sadA 1 Jaxiom

S€ 0€ S¢ 0C ST 0T S 0__. S€ 0€ S¢ 0z ST ) S 0
T T T T T T cro T T T T T T
r 1vTo
I
. loro B
91’0 ] L 4
g
Py
23
@ = 4
r 18710 ©
=%
o L 4
c
o @
L 420 3 | 4
o
5]
<
3
) L 4
= H{zzo 2
=
r qvco
92’0

I10399¢G [eULIOJ

-u pue [RULIO] ‘SodAT, IOYIOA\ JO AJSUS(T [ROIIATRUY :FT 9INSIq

A ‘sadA ] 1axI0M

cro

€10

<
bl
[S)

o)
<
[S)

©
b
[S)

LT°0

810

=)
=
<)

N
[S)

120

o

n ‘ayey juawhojdwaun

Jeuriou

-80rT sA eye(] :SodAT, IoqIOA\ JO AJSUS(T [eOlIATRUY €] oInSIq

A ‘sadA 1 1axI0M

10

S00

70

ST0

[4Y

S20

€0

oo g€ 0€ SC 0c ST 0T S 0
T
1200 r T
100 r T
>
=}
1900 & F 1
2
o
o
(]
1800 3 3 1
<
110 L 4
410 - b
10)08S [ewloju] — — _— lewiouboT
101085 [ewlo oawered-uoN ]
N |

S€0

Ansuaq@

47



1099G

Aq ‘sodAT, Jo UOIINQLIISI(] PRIRINWIS A}SUS(T [OUIOY] :()F OINST 103008 4q “(s1v0X) mORP qO[ (6T ST

A ‘sadA 1 Jax10M

A 'sadA 1 sotiom se og sz oz a1 o1 5 0
0 T T T T T T
0
+ Hse9
He00
r v'9
Hvo0 [ 1579 §
°
o
) r IR —— 159 5
3 g
4900 < -
2 + Jss9 @
s 2
|w] o
{800 3 F Ho9 2
g s
2
r 1599 £
170
+ 129
ere 10109S [ewlou] g 1549
10J09S [ewloju] — — _ 10199S [ew.o
10129S [ewloH 89
10
10709G [RULIOJU] puR [RULIO ‘@)ry JuawAojdury :QT 9In3Iq 10999G [RULIOJU] PUR [RULIO ‘A)JTAIIONPOLJ UOTIRAIOSIY :) T 9INSI
A ‘sadA ] 1axI0M A ‘sadA] 1axIom
G€ 0€ SC 0cC ST 0T S 0 Ge 0€ SC 0c ST 0T S om
T T T T T T T T T T T T
r 120
- 41820
r 1€0
- 40T %
m [
L —16€0 3 m
S )
< o
. 3 =1
L 170 3 Y
: 2
H {svo & 53
B
L lor €
- 4190
r 1850
101083 [ewWlojU| — 4190 101095 [ewloju]
101085 [ewIo 10109S [ewlio4

S9'0 . 0c

48



(0=4)1
MowIodXy "SA YIRWIPUIY 109995 AQ ‘SOIJIAIIONPOIJ OIIRID
-UASOIP] JO UOINLIISI(] PRIRNWIS AYSUS(] [OUISY :fg 9INSIg

(0 = 2) ‘1T ywowWLIOAX "SA YIRWIOUAY :10309G
Aq ‘sedAT, Jo UOIMQLIISI(] PAIRINWIS AJSUS(] [OWIOY] :€F7 9INSI

A ‘sadA 1 1axIo0M

X ‘S3MAIONPOId dieIouksolp| g 0 sz 0z a1 ot g 0
00T 06 08 oL 09 0g oy 0, = T # 0
T T T T T
3 1200 3 1200
3 1900
3 1v0'0
3 1900 »
e L 00 2
E 5
L 1800 & 3
2 g
O L —4800 =
L {ro § 800 3
(28 <
<
3 Hzro L 1o
[ rro 0= 1-T JusWadX3-10}09S [eUWLOJU| 5
0= 1-T JuawLadx3-10108S [BWOJU| s n SRWLIUSE—I0}08S [BLIOJU| q<¢tT0
1 Yrewyouag-10109S [ewloju] —x— 9170 D= 1-T Judwadx3-10)08S [ewioq — _
D= 1-T JusWadX3-10109S [ewlod — — S}IRWYIUSE-10108S [eWI0
}lewyouag—-10309s [ewio4 . . b0
, , , 810
101098 Aq 10909G AQ ‘SOIYIAIIONPOLJ OIIRID

‘so8eAN SO JO UOIINQLIISI(] POIRINWIG AJISUS(] [OUIOY] :Gg 9INSI  -UASOIP] JO UOUINQLIISI(] POjR[NUWIS ASUS(] [QUIOY :[g OINSIg

sabep AlinoH 6o X ‘AIAIONPOId d1relouAsolp)

14 S'€ € SC 4 ST T m.m 00T 06 08 0L 09 0S oy 0g 0C 0T 0
=T T T T T T

.
-

Ausuaq pareinwis

Aysuaq parenuwis

I
n
—

10)08S [ewuoju] — — —

10)08S [ewoju] — — —

103098 [ewo4 103098 [ewo4

8T°0

SC

49



(go=12)
T JuewLIddXy "SA YIRWUOUSY :103098 AQ ‘SOIJIAIIONPOIJ OIIRID
-UASOIP] JO UOIINLIISI(] PRIRNWIS AJSUS(] [OUISY :Lg INSIq

(¢'0 = +4) T yewLIadX "SA YIRWOUag :I10709G Aq
‘so8eA\ SO JO UOTINALISI(] POYe[NUIIS AYSUS(] [OUIDY] g 2INSIg

50

M ‘sabem 6o
14 S'€ € ST 4 ST T S0 X ‘SBIIAIONPOI JRIOUASOIP|
i R 0 00T 06 08 0L 09 0S (94 0€ 0c 0T oo
i T T i gy 3
r 1200
r 4190
r qv00
" L 1900
L 1t m "
g E
g L 4800 &
g g
> O
L Jer @ = 110 ©
ST & m
<
r 1¢T'0
[T ¢ F qrto
G/ 0=1-T JUSWLIAUXT—I0}09S [BULIOJU| s
Jlewyouag—-10109S [ewIoju| —x 0= 1-T JUBWILIBAXT-I0)08S [EWIOM| —x—
§'0=1-T JUBWIAdX3-I0108S [ewiod — — l rewyousg-10)08s [euwloju] —y— dot0
3lewyouag-10)09s [ewlo 6'0= 1-T Juswadx3-10j08S [ewlio — —
N N 5z SIBWLIUSG-10)08S [eWIO
; ; ; 810

(¢'0 = 1) ‘T yuowLIadXy ‘SA YIRWIPUAY :10)09G
Aq ‘sodAT, Jo uOINLISI(] PoIe[NUWIS ANSUS(] [OWIOY :97 9INJIg

(0 = <4) 1 JuowILIodXy "SA YIRUNPUOg 103995 Aq
‘so8eAN S0 JO UOTINQLIISI(] POIR[NWIG AJISUS(] [OUIOY :Gg 9INS3I]

A ‘sadA1 1axi0M M ‘sabem 607
se 0g 4 0z ST 0T S 0 14 S'€ € SC 4 ST S0
—— 0 , — 0
N\)
r 200
r 150
- —1¥0°0
(4] %]
3 r 1T 3
L 4900 £ £
2 )
o @
o Q
g o]
= 1g00 2 3
m.. L 1ot ,m.
- 4170
P 12
0= 1-T Juawadx3-10)08S [BULIOJU| —se 0= 1-T Juawadx3-10)J09S [BULIOJU| —se
I Jlewyouag-10109S [BWIO| 4 7¢ro 3}lewyouag-10109S [eWIOU| 4
§'0= 1-T Juswiadx3-10)08S [ewiod _ _ 0= 1-T Juswadx3-10)08S [ewloq _ _
Jlewyousg-10109S ewo4 lewyousg-10)09s [ewioq
L L ¥1°0 L L k4




SE

(g0 =) g yuowrtrodxy] "SA YIRWIYPUIY :10)00G

Aq ‘sedAT, Jo UOINLIISI(] PAIRINWIS AJSUS(] [OWIOY] :g¢ oINSI

(

= 1) T ywowLIodxy ‘SA YIewpuog :10309G Aq

‘so8eA\ SO JO UOTINALISI(] POYR[NUIIS AJSUS(] [OUIDY] ¢ 9INSIIq

A ‘sadA] 19xI0M M ‘sabem 6o
0€ 0 14 S'€ € ST 4 ST S0
0 T 0
r 200
- 4190
r 00
@ @
3 r 11 3
r 900 < c
2 o)
(1] @
(=} o
o] o]
r 800 z 2
o, L deo 2.
< ST Z
r TO
F 1z
6 0= -z JuswadX3-10)09S [eWIOJU| 5 ) = 1-T JuaWdX3-10}09S [eUWOJU| 5
[ Jlewyouag-10109S [eWLIOjU| —y cro JIewyouag-10108S [eUWLOU| —y
G'0=rl-z uawadx3-10108S [ewlo4 — _ [[= 1-T Juswiadx3-10)09S [ewlo4 — _
Jrewyouag-10129S [ewlio4 Jrewyouag-10129S [ewio4
L L 10 L L SC

T yuowiIodXy 'SA YIRWIDUIE :10309G AQ ‘SOTIIAIIONPOIJ OIYRId
-UASOIP] JO UONLIISI(] Poje[nuilg AJISus(] [oUIdy :(0¢ 9INSIq

X ‘S3IIAIONPOId dNeIdUASOIp|

00T 06 08 0L 09

0S

T =T T

[= 1T JuaWILIadX3—-10}09S [BULIOMU| —sc

MIeWyIUSg-10109S [eUWIO| s

[[= 1-T JUBWIBUXT-10}09S [eWiod _ _

SIeWyIUSgG-10)08S [eWI0S
I I I

(4

0g

0C

0T

200

¥0°0

900

800

TO

cTo

v1'0

9T'0

8T'0

Ausuaq pareinuwis

(1=1)

A ‘sadA 1 Jaxiom
Ge 0€ S¢ 0C ST
T

(1 = 1) ‘1 ywowrLrodxy "SA YIRWIPUAY :10399G
Aq ‘sedAT, Jo uOUNQLIISI(] PIIRINWIS AYSUS(] [OWIOY] :6E OINSI

[ —T Juawiadx3—-10J09S [BULIOMU| s

NIewyouag-10109S [eWIojU]

[[= 1-T JudWIIBdX3-10}09S [ewiod _ _

SBWYIUag-1009S [BWOS
N N

Ansuaq pareinuis

10

51



(1=") (1 =7) g yuewiLIodXy] "SA YIRWPUIY :10100G

¢ YuowiLodXy SA JIRWYOUOY :10300§ AQ ‘SOIJIAIIONPOIJ OIIRID . .
T Aq ‘sodAT, Jo UOIIMQLIISI(] PRIRINWIS A}SUS( [OUISY] :GE 9INSIq

A ‘sadA 1 Jaxi0m

X ‘S3IIAIONPOId dlreIduhsolp) GE 0g S¢ 0C ST 0T S 0
00T 06 08 0L 09 0S oy 0€ 0c 0T oo B T ¢ 0
T T T T o) S ™y ?
L 200 - 200
L 00
= 400
- 900 (%]
2 L {o00 2
El oy
F 800 & 3
@ o
s &
g F 4800 Z
L 70 @ 28
2 <
<
F [454 L 110
[ [42Y f T= -z JuaWadX3-10109S [BWIOU| s .
' T=1l-Z JuBWLIadX3-10109S [EWLIOJU| M YIeWyouag-10109S [BULIOJU| —y 1ero
| Jewyousg-10108S [eWIOU] | 910 D T=rl-g Juswadx3-10109S [ewio4 _ _
D'T=n1l-z wawadx3-10109S jewloq4 _ _ ’ Jlewyousg-10109es [ewioq
MIewyouag-10199S [ewoq I N ¥T0
I I I I 810
(g0="1)

(g0 = 1) g JuowillodXy ‘SA YIewpuag :103008 A

‘oS $0] JO TONMQUISI PoTE[IS ANSU(] [PUOY g oLy g yuowiadX ‘SA NIRWUOUdY :10309G A ‘SOI}IAIIONPOIJ OIRID

-UWASOIP] JO UOTINLIISI(] PRIR[NWIS AJSUS(] [QUIOY €€ oINIIq

M ‘sabem 6o
14 g€ € 4 4 ST T S0 X ‘SBHIAIONPOI dFeIOUASOIP|
T % A 0 00T 06 08 0L 09 0S (Y4 oo
T = T T T
r 4200
r 4190
r 100
e i J900
L 1t 3 "
5 2
2 L {800 &
Q =3
g 2
> @)
L Jor @ - 1o @
ST g Z
<
r 410
i 1 r qrro
6 0= -z JusWadX3-10)09S [BWIOJU| 5
IRWYIUSE-I0108S [EWLIOJ| 6 0= 1l-Z JUBWILBdX3-10}08S [BWIOJ| —x—
5'0=T1l-g Juswadx3-10109S [ewio4 — — 1 Jewyousg-10309Ss [ewloju] Jot0
Ylewyouag-10)o9es [ewioq G°0= -z uswadx3-10108S [ewiod — —
1 I 5z lewyouag-1030as [ewlo
N N N N

8T0

52



(fh %¢)
¢ JuewLIodXs] "SA IRWOUey :10109§ AQ ‘SOIJIAIIONPOIJ OIJRID
-UASOIP] JO UOIINLIISI(] PRIR[NWIS AJSUS(] [OUISY :GE INSIq

(1 %G)¢ MewLIadx "SA YIeWyouag :I10709G Aq
‘so8eA\ SO JO UOTINALISI(] POYe[NUIS AYSUS(] [OUIDY] :(f 2INSIq

M ‘sabem 6o
4 S'€ € g0 X ‘S3I)IAIIONPO.Id d1eIdUASOIp|
T 0 ozt 00T 08 09 oy
- T T o
r 450
0 L
L 1t 3 o
5 2
2 [ Iy
o 2
9 2
L ler B L g
ST 3 z
<
L 4z L
aseal9q %G—€ JusWIadx3-10109S [ewloju]
S}lewyousg-10109S [ewIoju| g 95881090 %G-€ UBWBAXI—-I0108S [BULO| 5
9sea109(Q %SG-€ UBWLBdX3-10109S [ewlo4 — — _ 1 SIeWyIUSg-10)09S [eWIOU| 5
Yrewyouag-l0joas [ew.o4 9581930 %G —€ JUSWLAAXT-I0103S [ewiod — — —
N I gz NJewyouag-10}99s [ewio4
; ; 810
(f &mv ¢ JuowLodxy "SA YIRWDUSY :10109G (1 =) g yuowLadxy] “SA YIRWPUaE :10300G Aq

Aq ‘sodAT, Jo uOINLISI(] PRIR[NWIS ASUS(] [OUIOY :QE 9INSI  ‘S9SRAA SO JO UOINLIJSI(] POIR[NWIS AJISUS(] [OUIDY] L€ 9INSIq

A ‘sadA1 1axi0M M ‘sabem 607
Ge 0€ 14 014 ST 0T S 0 14 S'e € ST 4 ST T S0
= . T T o 0 S S - 0
AN
r 200
r 150
r —1¥0°0
(] %)
- 3 r 1t 3
L 4900 £ £
2 )
o @
o Q
g o]
F {800 2 2
m.. L 1ot ,m.
r 41T0
L ¢
asealdaq %S¢ Juawiadx3-10)09S [ewloju] . f T= -z JuaWadx3-10109S [PWIOM| s
[l Jewyouag-1i0)0as [eWwIoju| — ero YIewyIUSg-10109S [eWIOJU]
95La109Q %S — € JUSWLBAXI-10103S [ewlod — — _ D T=rl-g Juswadx3-10109S ewio4 _ _
Yrewyouag-10309S [ew.o4 3Iewyouag-10309s [eWIOo —y
L L ?HO L L L mN

93



(1 %0T1)¢ JuewLIodxy "SA YIeWyoueg :I10709G Aq
‘sodep)\ SO JO UOTINQLISI(] POYe[NUIS AYSUS(] [OUIDY] :&F 2IN3Iq

M ‘sabem 6o
14 S'€ € ST 4 ST T m.mov
- 150
]
L 4t 3
c
)
@
[=%
o
@
2
L 1s1 &
L \ dz
aseal12aQq %0T - € WawWadx3—101038S [ewoju|
Jlewyousg-10309S [eWIo|
asea109Q %0T —€ Juswadx3-10108S [ewoq — — —
Jrewyduag-10309S [ew.o
Il Il mN

(fh %01)
¢ JuewLIodXs] "SA JIRWOUSY :10109§ AQ ‘SOIJIAIIONPOIJ OIIRID
-UASOIP] JO UOINQLIISI(] Poje[nuIg ANSUS(] [OUIDY] :gF 9InSiqg

(1t %01) ¢ yuewtIadxs] ‘SA NIRWPUAY :10)09G
Aq ‘sedAT, Jo uOUNQLIISI(] PAIRINWIS AYSUS(] [OWIOY] :[§ OINSIq

A ‘sadA 1 Jaxiom

X ‘S8IAIIONPOId dNeIOUASOIP) g 0 sz 0z ST oT S 0
00T 06 08 0L 09 0S (4 0g 0C 0T 0 D T ¥ 0
- T T T T - . e M
r r 200
r -|¥0°0
[ 4]
9] L 4900 g
2 2
L s 3
=3 o
2 g
L g F 4800 3
> =
@, <
<
| 3 110
| 95821090 %0T — £ JUBWIIBAXT-10199S [eUIo] )
9sea109Q %0T —€ JUBWRAXI-10}09S [ewoju| i i MRWYIUSG-10}08S [eLLIoU] Jeto
il rewyousg-J03o8s [eWIOU| —x—— i d9T'0 95821090 %0T — € JUsWUSdXI-10109S [ewlod — — _
9sea1990 %0T~E JUSWLAAXT-I0109S [eWIod — — _ AIRLIYOUSG-I0}08S [eUI0-
HIBLIYIUSG-10109S [eulo- D D 10

1 1 1 1 I 810

o4



6 Appendix

6.1 Total Surplus, Worker and Firm Surplus

Since most equilibrium objects are expressed as functions of workers’ or firms’ surpluses, it is

useful to derive expressions for these surpluses as functions of the reservation productivities.

6.1.1 Formal Sector

In order to get the firm surplus in the formal sector as a function of the reservation productivity
Ryr(y), T use the value function Jr(y',y) and the wage equation wr(y’,y). Then, I use the Nash
sharing rule to obtain total surplus and worker surplus.

The total surplus, worker and firm surplus for a worker of type y and productivity ¥’ in the

formal sector are, respectively, given bylg_gl

pr (1= 0:) (v = Rur(y))
(L4+01)(r+X)

Sr(y',y) =

, Bpr (1 - 32) (y' — Rur(y))

(1 - B)pr (¥ — Rur(y))
(r+A)

The total surplus, workers’ and firms’ surplus for a worker of type y and productivity z in the

Jr(y,y) —Vp =

formal sector are, respectively, given by:

PF (1 - 52) (x — Rru(y))
(L+01)(r+ XN

SF(x7y) =

Brr (1 - 52) (x — Rru(y))
(T+01)(r+XN)

(1= B)pr (z — Rru(y))
(r+2X)

Np(z,y) —Uly) =

Jr(z,y) = Vp =

6.1.2 Informal Sector

The corresponding surpluses for a worker of type y and current productivity ¢’ in the informal
sector are given by:
pr (1 + 53) (v — Rru(y))
r+A

Sl(y,7 y) =

9Notice that workers always get a fixed proportion of the total surplus, so Nr(y',y) — U(y) = BSr(y,v).
Substituting this expression in the Nash sharing rule I get Jr(y',y) — VF:wSF(y’, y). So the total surplus

(1—-42)
Se(Wy)=Nr(y',y) — U)+452 ey, v).
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Brr (1 + 33) (v — Riu(y))
r+ A

Ni(y',y) = U(y) =

(1-B)pr (¥ — Riv(y))
r4 A

Therefore, in both sectors, the surpluses depend positively on the market value of the gap

Jr(y,y) = Vi =

between current and minimum productivity at a particular match, and negatively on the rate of
arrival of the productivity shock and the interest rate. Higher A implies a higher turnover rate, and

higher r implies that future returns are discounted at a higher rate.

6.2 Derivation of Steady State Productivity Distributions

I want to know how policies affect the marginal distributions of types and productivities in each

sector, which also affect the sectoral wage distributions. This section follows closely ANV (2009).

6.2.1 Formal Sector

First, I want to compute the joint steady state distribution of current productivity and worker

types across workers in the formal sector, fr(x,y).

fr(z,y) = fr(z | y)fr(y)

I use Bayes rule to compute fr(y) as follows:

frly) =

nr(y)f(y)
Jo nry)f(y)dy

Now I need fp(z |y).

Let N be the number of shocks that the worker has experienced to date (in the current spell
of unemployment in the FS). If N = 0 current productivity x equals match-specific productivity 3’
with prob 1. If N > 0, z is a draw from a truncated density hp(x | v)/(1 — Hr(Rru(y) | y)), for
Rry(y) < @ < oo.

So I have:

P(N=0)=Px=19|y) forz=y.
he(z|y)

(1= Hp(Rru(y) [ y))

Let t be elapsed duration of employment in the current formal-sector job. Let Ny be the number

frz|y) = (1—P(N=0)) for Rpp(y) <x <ooand z # o

of shocks that the worker has experienced to date t. Let’s assume that:

t~exp(AHp(Rru(y) | v))

Ny ~ Poisson (M1 — Hp(Rry(y) | y))t)
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So I have:
P(Ny =0) = exp (A1 — Hr(Rru(y) | y))t)

PIN =0] = /000 exp (=A(1 = Hp(Rru(y) | y)t) A (1 — He(Rru(y) | y)) exp (=AHp(Rru(y) | y)t) dt

So I get:
PIN =0] = Hp(Rru(y) | v))

The density of current productivity x given worker type y in the formal sector is given by:
Ple=y' |y)=Hp(Rpu(y) |y)) for z=y"

fr(zly)=hr(z|y) for Rpp(y) <x <ooand z #9

I can now compute the steady state joint distribution of types and productivity in the formal

sector, and the marginal distribution of current productivity in the formal sector as follows:

fr(z,y) = fr(z | y)fr(y)
ﬁmz/ﬁww@

6.2.2 Informal Sector

Doing the analogous exercise for the informal sector I get:
fit@) = [ fitw)ay

fr(z,y) = fr(x | v) f1(y)

where f7(y) and fr(x | y) are as follows:

_ @)y
Jooni(y) f(y)dy

Ple=y |y)=Hi(Rw(y)|y) fora=y.

fr(@|y)=hr(z|y) for Riy(y) <z <ooandx#y

f1(y)

6.3 Derivation of Steady State Wage Distributions

To compute the impact of policies on wage inequality in both sectors, I need to derive the

distribution of wages across formal and informal sector employment, mp(w) and my(w).
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6.3.1 Formal Sector

There are two types of workers currently employed in the formal sector: the workers that have
not received any shock whose current productivity is match-specific (z = 3’ with probability 1),
and those who received a shock and continue in the match (x > Rpy(y)).

This suggests that the distribution of wages in formal-sector employment (conditional on y)
consists of a smooth density for wrp € [wh[Rry(y),y), wi(c0,y)], and a mass point at wp =
wr(y',y).

So with P(N=0) the worker of type y receives:

rU(y) = AHr(Rro (W) | ) [y, (fN1(2.y) = Uy)] dH (x| y)]

/ _ pry As _
wely'.0) = 5| J+a-8) T

1+6  (1+6)

and with [1 — P(N = 0)] the worker of type y receives:

rU(y) = MHp(Reu(v) | 9) [0, o fN1 (@' y) = Uly)] dH (o' | y)}

S (pou) — PFT rs B
whe) = [ 25+ ) —

1+6  (1+46)

Let’s first calculate calculate mp(w/y).
To compute the conditional density of a transformed variable (productivity as a function of
wages conditional on y), I know that: mp(w/y) = hplz = S(wh,y) | y)]%.

Inverting (81) I get = S(w¥},y) as follows:

s 1+6 s TS
x = S(wp,y) = [ ﬂPFl] W — Pr

(1—B)1+6) [rUW) = Hp(Rru(y) | y) [y, }N1(@"y) = Uy)] dH (2" | y)
BPr (1 —62)

dr  dS(wg,y)  1+01

dw dw BPp

The conditional distribution of wages in formal-sector employment is:

Plup =wr(y',y)] = Hr(Rru(y) |y)  for wp = wr(y',y).

1+ 6
BPp

I finally compute can compute mp(w) by using:

mp(w/y) = [ } hi(z = S(wk,y) |y)  for wp € [wp[Rru(y),y), wk(c0,y)] and wr # wr(y', y)

m(w) = / mp(w)y) fr(y)dy
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6.3.2 Informal Sector

Doing the analogous exercise for the informal sector I can get my(w) as follows:

mM@—/mmwwmm@

where my(w/y) is the steady state conditional distribution of wages in IS employment and f;(y)
is steady state density of types among IS employment.

The mapping from wages to productivity, conditional on y is:

) CJwr] (=87 U
x = S(wr,y) = [513[} [ BPr ] (1+53)
dr  dS(wr,y) 1
dw dw - B8Py

After receiving a shock, the worker continues in the match and receives a salary only if x >

Ry (y)- The conditional distribution of wages in formal-sector employment is:

Plwr =wr(y',y)] = HI(Rw(y) | y)  for wr = wi(y',y).

mwm=bghm5wmwm for wr € [w}[Rrv(y). ), wi (00, y)] and wy £ wi(y,y)

6.4 Steady State Equilibrium

Definition 1 Given a vector of parameters {b,«, 3,b,c,\}, a vector of prices {pr,pr,7}, a vector
of tazes and subsidies {01, 02,93, s}, a vector of valuation of social security and social assistance
services {T,u}, matching function m(-), and cumulative density functions F(y), H;(-| y) (for
i=I, F) , a Steady State Equilibrium with an Informal sector is a vector formed by the
unemployment rate u(y), sector-i employment rates n;(y), the value of unemployment U(y), the
reservation productivities Ryp(y), Rru(y), Rur(y), Rru(y) and Rpr(y), sector-i wages w;(y',y)
(for i=I, F) and wi(x,y) (for i=F), and labor market tightness in the formal and informal sectors
0 and 9, such that:

1. The flow value of unemployment U(y) that satisfies (39).
The reservation productivity schedule Rpy(y) that satisfies (19).
The reservation productivity schedule Ry (y) that satisfies (21).
The reservation productivity schedule Ry (y) that satisfies (24).
The unemployment rate and the sector-i employment rates that satisfy (36), (37) and (38).
The labor market tightness parameter 6 that satisfies (34).
The labor market tightness parameter 9 that satisfies (35).
The formal-sector wages wr(y',y) and w(z,y) that satisfy (16) and (17).

© X RS S o e

The informal-sector wages wy(y',y) that satisfies (18).
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Proof. Existence of Equilibrium

The Steady State Equilibrium with an Informal sector exists if there is a 6 that satisfies the job
creation condition in the formal sector, equation (34), since all the other equilibrium objects are
uniquely determined by 6.

Given that the right-hand side of (34) is continuous in theta, a solution to (34) exists.

To establish uniqueness, I would need to show that the the right-hand side of (34) is strictly
monotone. First, m(6)/0 is monotonically decreasing by assumption. Second, Ry r(y) is monotoni-
cally increasing in 6 (since higher § means higher U(y)), so Jr(y',y) is monotonically decreasing in
6. Finally, u(y) should be decreasing in § due to the dominant negative impact of formal-sector job
creation on unemployment (as explained before), and the aggregate unemployment rate u should
also be decreasing in 6. However, further assumptions on H;(y’ | y) are required to prove that the

ratio u(y)/u is monotonically decreasing as well, so uniqueness is not guaranteed. m

6.5 Computational Algorithm: Approximation of Steady State Equilibrium

Following the definition of Steady State Equilibrium, I write the following computational algo-
rithm to approximate the steady state of the model numerically:

1. Guess values for §°. Start an outer loop. Guess values for Ry r(y)°, Rys(y)? and Rey(y)°.
Start an inner loop, for fixed values of §°. Substitute these values in equation (30) to calculate
rU(y).

2. Given rU(y) and Rp/(y)°, iterate the Bellman equation (19) to find the fixed point on
Rpy(y). Call the solution RF&(y)

3. Given RF(}(y), use equation (21) to calculate RU}(y).

4. Given U (y), iterate the Bellman equation (24) to find the fixed point on R (y).

Call the solution RH}(y). Notice that RI&(y):RU}(y):RF}(y).

If the following conditions are met:

| Rur(y)° — Rur(y) ||< evr , and

| Rur(v)° = Rui(y) ||< evr , and

| Rru(y)® — Rru(y) ||< eru, and

Then stop the inner loop. Otherwise update as follows:

Rurp(y)™* = Rur(y)® + vwr(Rur(y)° — Rur(y))

Rur(y)"™ = Ru1(y)° + vur(Rur(y)® — Rur(y))

Rru(y)"” = Rru(y)° + vru(Rru(y)° — Rru(y))

where ¢€;; and v;; are the tolerance levels and step sizes respectivelylﬂ

5. Once convergence is reached in the inner loop, use RU}(y), Ry }(y), and RF(}(y) and 69 in
equations (27) - (29) to calculate u(y), np(y) and n;(y). Aggregate over y to get u, np and nj.

6. Given RU}(y) and u(y), solve equation (25) to get the equilibrium labor market tightness

parameter 0. If the following condition is met, | §° — 0 |< €eg, then stop the outer loop. Otherwise

94The smaller the steps and the tolerance, the more accurate the results but the longer the computational time.
I choose ¢;; = 1073, 1;;=0.05.
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update as follows: 67 = 60 4+ 1, (0° — ).

7. Once convergence is reached in the outer loop, wuse equilibrium reservation
productivities,Rry(y) and Rry(y), uw(y) and np(y), to get the labor market tightness parame-
ter ¥ that satisfies equation (26).

8. Given equilibrium U (y), equilibrium reservation productivities Rry (y), Rr1(y), Riv(y), get
formal sector wages wr(y',y) and wg(x,y) that satisfy equations (16) and (17).

9. Given equilibrium U (y), get informal-sector wage wy(y’,y) that satisfies equation(18).
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