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Abstract

Ethiopia, like many other African countries, faces high urban unemployment and self-employment
rates. This paper analyzes labor market states and flows by skill level, and develops a general
equilibrium model with heterogeneous individuals and heterogeneous firms, where individuals
choose their type of occupation (wage employment, own-account work, being an employer),
and employers choose employment levels. The model is calibrated to Ethiopian data and used
for quantitative analysis. Unemployment and self-employment rates are particularly high for
low-skill workers. Available duration data suggest that separation rates are very high and job
finding rates very low for both skill levels. Quantitative analysis of the model shows that re-
ductions in both frictions could contribute to significantly lower unemployment and increase
wage employment. For the low-skilled, it would also strongly reduce self-employment – by
more than unemployment – and thus increase wage employment even more. For the low-
skilled, self-employment thus is a valve that reduces unemployment. Its prevalence reacts to
the attractiveness of job and search opportunities. Changes in occupational choices are key to
capturing the welfare gains from reductions in frictions. Finally, in this setting, the standard
positive effect of income support to the unemployed on the unemployment rate is amplified, as
higher attractiveness of job search reduces own-account work.
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1 Introduction

Ethiopia, like many other African countries, faces high urban unemployment and self-employment
rates. In Addis Ababa, the unemployment rate for low-skill workers exceeded 25% in 2016. The
unemployment rate for high-skill workers was much lower but still elevated, at 12.9% (source:
2016 Urban Employment and Unemployment Survey UEUS). Rates of own-account work almost
reached 20% for the low-skilled. For the high skilled, they were much lower, at around 5%. Private
sector wage employment, in contrast, is rare (compared to richer countries), accounting for only
about a third of employment.

The paper first shows that unemployment is not only high, but also very persistent. First, this is
implied by high observed unemployment durations. Second, it follows from an analysis of the du-
ration of lifetime employment patterns gathered in the 2013 National Labor Force Survey (NFLS).
Both approaches reveal unemployment outflow rates that are low by international standards, com-
parable to those in continental European countries. The second analysis also shows very high
separation rates from jobs. The combination of these two rates results in high unemployment rates.

Both of these approaches neglect labor market states other than unemployment and wage em-
ployment, despite their prominence in the data. Particularly important is the omission of self-
employment. To be able to jointly analyze the determinants of a broader set of labor market states,
the paper then builds a general equilibrium model with heterogeneous individuals and heteroge-
neous firms, where individuals choose their type of occupation, and employer firms choose their
employment level. Besides the states of unemployment, wage employment, own-account work and
being an employer, the model also includes public sector employment and casual work, two other
important features of the data, in simple ways.

In this model, the prevalence of the different labor market states is an endogenous outcome that
depend on fundamental characteristics of the economy, like the productivity of firms and workers,
the cost of creating firms, the efficiency of the hiring process, and the durability of employment
relationships. The model can thus be used to assess which of these characteristics are important
as determinants of the incidence of unemployment, self-employment and wage employment, and
how these outcomes would change in response to changes in fundamentals.

The starting point for the model is Poschke (2018b), which introduced endogenous self-employment,
with a choice between own-account work and being an employer, into a Diamond-Mortensen-
Pissarides (DMP) type model of frictional labor markets. The model used here extends that work
by including two types of workers (high and low skill) and taste heterogeneity with respect to
self-employment. Taste heterogeneity is important for matching the lower tail of the firm size dis-
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tribution, which is very important in poor countries. Firms employing low- and high-skill workers,
respectively, employ different technologies. While low-skill employers can only operate the low-
skill technology, high-skill employers can choose between the two technologies. As a result, the
two segmented labor markets for low- and high-skill workers are connected, since the composition
of employer firms adjusts to the economic environment.

The calibrated model captures key features of the Ethiopian economy. In particular, it reproduces
its high rate of self-employment, in particular low-income own-account work, as well as a prepon-
derance of small firms, combined with a very small number of large employers. It also captures
differences in wages and occupational choices across skill groups.

The calibration is informative about the labor market situation faced by different types of work-
ers. In a nutshell, high-skill agents face highly frictional labor markets with low finding rates
and moderate destruction rates, not entirely dissimilar from those in mediterranean countries with
highly regulated labor markets. Low-skill workers face extremely high separation rates, making
job search quite unattractive, so that own-account work becomes an important alternative to search
for them.

Quantitative analysis of the model shows that labor market frictions, captured in the model as
the separation rate of existing matches and the cost of creating new matches, strongly affect both
unemployment and self-employment. A large reduction in frictions would have the potential to
reduce unemployment and self-employment rates to the range of 5 to 10%. This would require
reductions of the separation rate to levels seen in continental Europe, and increases in the job
finding rate to values comparable to those in the UK or Japan. Some poor countries in South-East
Asia, which tend to have low unemployment rates, have flow rates in this range.

There are several important lessons from this analysis. First, agents’ choices in the model amplify
the effect of changes in frictions. In particular, firms respond to lower separation rates by hiring
more, so that the unemployment rate declines both due to the direct effect of fewer separations,
and because of the induced effect of faster job finding. Second, changes in labor market frictions
lead to very large changes in low-skill own-account work. In fact, for the low skilled, the rate of
own-account work reacts more strongly to changes in frictions than the unemployment rate. This
illustrates that labor market frictions are an important determinant of low-skill self-employment
rates, echoing the findings in Poschke (2018b). (For the low-skilled, the elasticity of the rate
of own-account work with respect to hiring frictions even exceeds that with respect to the entry
cost.) Own-account work for some agents is an attractive alternative to search when the return to
search is low. Existing frictions thus not only cause unemployment, but also contribute to high
self-employment rates among the low skilled. Both factors depress wage employment.
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Changes in labor market frictions for one skill level do not affect workers of the other type much.
This is different for changes in entry costs. Reductions in entry costs for one type of worker
spur entry of own-account workers of that type. This reduces unemployment and thus the pool of
searchers. Because this drives up wages, firms shift towards the other type of workers, driving up
their wages, too. As a result, reductions in entry costs for one type of workers have similar effects
on wages of both types of workers. Generally, shifts in the composition of firms – in particular
in the choice by high-skill employers what kind of technology to employ – occur in reaction to
changes in the effective bargaining power or supply of workers of one type.

High levels of unemployment may motivate policies of income support for the unemployed. Typ-
ically in search and matching models, such policies raise wages, thus reduce hiring, and increase
unemployment. This is no different here. In addition, in this setting, such benefits reduce self-
employment entry, amplifying the increase in unemployment. Even if benefits improve the effi-
ciency of search by reducing the incidence of casual work, they still raise unemployment, again
with a contribution from reduced own-account work. Tax financing of benefits, by raising the
cost of labor, reduces vacancy posting further and thus raises unemployment even further. Yet,
aggregate welfare may still increase, as the increase in welfare of the low-skilled, in particular the
low-skilled unemployed, can outweigh welfare losses of the high-skilled.

The paper is structured as follows. Section 2 sets out some key features of the Ethiopian labor
market that are important for the analysis. Section 3 describes the model. Section 4 shows the cali-
bration of the model. Section 5 analyzes the determinants of unemployment and self-employment,
and the effects of reductions in frictions. Section 6 contains all the results of policy analysis. An
Appendix contains technical details.

2 The setting

This paper analyzes the determinants of high levels of unemployment and self-employment in
Ethiopia. Since these outcomes vary significantly by worker skill, the analysis allows for two
skill levels. Before delving into the analysis, this section gives a brief overview of some relevant
features of the Ethiopian economy.

In doing so, it draws on data from the 2016 Urban Employment and Unemployment Survey
(UEUS), as well as the 2013 National Labor Force Survey. The tools used in the paper are most
appropriate for the use of urban labor markets, where large firms, small firms, and own-account
workers in various sectors all coexist. Therefore, I use data for survey respondents in Addis Ababa
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aged 16 and over only to inform the analysis.

2.1 Labor force states

Table 1 shows the composition of the labor force, overall and by skill level. For this, the labor force
is split into two skill levels, high and low, where high is defined as having completed a diploma
or a degree. By this definition, 17% of those surveyed in Addis Ababa are high-skilled. (This
proportion is very similar, at 21%, when one considers only those in the labor force.)

Almost a quarter of the labor force is unemployed. The unemployment rate is significantly lower
for the high-skilled, at only 13%. Both rates are high by international standards, in particular the
low-skill one.

Information on unemployment duration included in the UEUS allows inferring unemployment out-
flow rates, as in Shimer (2012) and Elsby, Hobijn & Şahin (2013). This reveals that unemployment
is persistent, with outflow rates around 5% per month for both groups. This level is comparable to
that observed in continental European economies with some of the lower unemployment outflow
rates in the world (Elsby et al. 2013, Donovan, Lu & Schoellman 2019). These low outflow rates
clearly are one factor contributing to high levels of unemployment.

For those who are employed, there are five quantitatively important labor market states. About
one third of those who are employed are in wage employment. More than one quarter is self-
employed. Out of these, about six out of ten are own-account workers, and four in ten employs
others. These values are fairly typical for developing economies. Finally, about one in five works
for the government or a government development organization, and a similar fraction is engaged
in casual work at the time of the survey. (These are private sector workers who declare being a
“casual worker” or who are on a temporary contract.)

This split of employment contrasts with the situation in rich countries, where levels of casual
work are lower, and self-employment rates typically are around 10%, split roughly evenly between
employers and own-account workers. (See Poschke (2018b) for more information.)

There are significant differences by skill not only in the incidence of unemployment, but also
in the split of employment. The self-employment rate is particularly high for low-skill workers.
While low-skill workers are almost three times as likely as high-skill workers to be employers,
they are almost four times as likely to be own-account workers. In contrast, levels of government
employment are particularly high for high skill workers. What is common across skill levels is that
private sector employment is low, at only about a third of employment.
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Table 1: Composition of the labor force (%)

all high skill low skill

labor force share 16.8 83.2

u rate 23.5 12.9 25.7
u outflow rate 4.7 5.3 4.6

among those employed:
private sector employees 33.8 34.3 33.7
government employment 21.4 48.6 14.9
casual work 18.9 8.2 21.4
self-employment rate 25.9 8.9 30.0

own-account workers 15.9 4.9 18.5
fraction employers 10.0 4.0 11.5

relative earnings 2.22 1

Source, UEUS, 2016, data for Addis Ababa. High skill: diploma or degree. u outflow rate is monthly, to any other
state.

Finally, the table reveals that the skill premium is large, with high-skill workers earning more than
twice as much as low-skill workers on average.

2.2 Employment durations and separations

The UEUS does not contain information on job tenure. The NLFS, however, contains a variable
that measures for how many years a respondent “has been in employment”. The density of this
variable for private sector employees is given by the solid line in Figure 1 (low skill workers in
the left panel, high skill workers in the right panel). In the entire working age population, almost
half the respondents have spent less than five years in employment. A small fraction has spent a
significantly larger time in employment. The mean time spent in employment is 8 years, and the
median a mere 5 years. For low-skill workers, the mean is 7.4 and the median 4. For high-skill
workers, time spent in employment is only slightly higher, with a mean of 9.3 years and a median
of 6 years.

Because this variable does not refer to a single job spell but aggregates information across job
spells, one cannot directly estimate a job loss hazard using this data. Instead, additional assump-
tions on job finding need to be made. I therefore estimate the job loss hazard and job finding rate
jointly using this series, as follows.

Assume a constant job loss hazard rate ξ and a constant job finding rate f . Simulate individual
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(a) Low skills
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(b) High skills

Figure 1: Years spent working – data and simulation

work histories for a population with the same age structure as that in the survey, assuming that all
individuals start their working life unemployed, find jobs with a monthly probability f , and lose
them with a monthly probability ξ. Then compute the population density of years spent working
from the simulation. Minimize the squared distance between this and the empirical density.

Doing so leads to estimates of the job loss hazard ξ of 6.6% per month and the job finding rate
of 5.1% per month for the entire population. For low (high) skill workers, estimates are 6.3%
(6.6%) for ξ and 6.0% (3.1%) for the job finding rate. The simulated density of years worked is
shown as the dotted line in Figure 1 (low skills on the left, high skills on the right). Obviously,
the simple model abstracts from many features of reality, in particular the dependence of hazard
rates on observable and unobservable characteristics of individuals. Yet, despite its simplicity, it
provides an excellent fit to the data.1

The estimated job loss rate is very high. The fact that it exceeds the estimated job finding rate
is very unusual – job finding rates exceed separation rates in almost all countries (see e.g. Elsby
et al. (2013) and Donovan et al. (2019)). Yet, these estimates are required to match the very low
numbers of years respondents have spent in employment.

Clearly, such a high job loss rate and low finding rate would generate very high levels of unemploy-
ment. In reality, their effect is mitigated by the presence of other employment states, in particular
self-employment and public sector employment. The full model developed and calibrated in the
rest of the paper explicitly takes these states into account.

1The main shortcoming of the fit is in the right tail; the model understates the population fraction with high
employment durations. A model with an age- or duration-dependent job destruction rate could improve on this.
Alternatively, use of a different objective function could force the model to obtain a better fit in the right tail.
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2.3 Firm characteristics

The UEUS also contains information on firms, via their owners. Owners report whether they
have employees, how many, and in which industry they are active. The latter can be taken as an
indication of the skill level of workers in the firm.

Table 2 gives information on employer firms, by skill of the owner and the worker. Since there
are hardly any firms with low-skill owners in the high-skill sector, I omit that group, and focus on
low-skill owners employing low-skill workers, as well as high-skill owners employing low-skill
or high-skill workers. For the purposes of this table and the quantitative analysis below, firms are
classified as high-skilled if more than 31.5% of the workers in a firm’s industry are high-skilled in
LFS data. With this classification, the share of workers in high skill industries equals exactly the
share of high-skill workers in private sector employment.

The table shows that most employer firms are run by low-skill owners, and employ low-skill work-
ers. These firms account for nine out of ten firms, and only a slightly smaller proportion of low skill
employment. Eighty percent of firms from this group have fewer than five employees (conditional
on having employees), and almost all have fewer than twenty employees. The median number of
employees is only two. Firms employing high skill workers or run by high skill entrepreneurs are
also small by global standards, with median employment of three, but somewhat larger. High-skill
owners mostly run firms employing low-skill workers. Only about one percent of firms employ
high-skill workers. Given their low number, it is clear that these firms are larger than firms with
low-skill workers.

At this point, a caveat is in order. While sample sizes in the UEUS are reasonable for computing
shares of firms by size, they are small for computing accurate measures of the size distribution. In
particular, the survey almost completely misses large firms. Some information on such firm could
be obtained from the Manufacturing Census. Yet, the usefulness of this information would be very
limited, given the small role of manufacturing. While the model does generate larger firms, it is
thus at this point not possible to verify its accuracy in this dimension.

3 Model

This section sets out a model of entrepreneurship and employment in frictional labor markets.
In this setting, policies can affect not only labor demand, but also occupational choices. Effects
may also differ by worker skill. Therefore, a key part of the model consists in the choices of het-
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Table 2: The firm size distribution (%)

worker skill/owner skill

L/L L/H H/H

fraction of firms 90.5 8.3 1.2
fraction of low-skill employment 85 15

owner skill

L H

fraction of firms with...
n < 5 81.1 55.7
n < 20 96.1 83.5

median employment 2 3

erogeneous individuals between job search and entrepreneurship (with a further choice between
own-account work or being an employer). The results of these choices, as well as rates of unem-
ployment, employment, and wages by skill level, are all endogenous outcomes of the model. They
are in turn functions of fundamentals of the economy and of economic policies. The model can
thus be used to simulate the responses of the endogenous outcomes to changes in the environment,
like variation in labor market frictions or entry regulation.

The model economy consists of a measure one of individuals, and an endogenous measure of
firms, which are created and operated by individuals who choose to do so. Individuals who choose
self-employment may be employers, and employ other individuals as workers, or they may be
own-account workers.

There are two types of individuals, H and L, with high and low skills respectively, present in the
population in proportions pH and pL, pH + pL = 1. When working as employees in a firm, they
have productivity aH and aL, respectively. That is, high-skill workers supply aH efficiency units of
labor per period, and low-skill workers aL efficiency units. In addition, individuals differ in their
taste for entrepreneurship, τ .2

Individuals who enter self-employment differ in the productivity z of their enterprise. Based on its

2It is well documented that tastes with respect to entrepreneurship differ widely in the population and have a strong
effect on the choice to pursue entrepreneurship (see e.g. Hamilton (2000), Hurst & Pugsley (2011)). While taste
heterogeneity in itself does not play an important role in the model, it helps generate realistic rates of entrepreneurship
across the firm size distribution, as also discussed in Poschke (2018a). Without it, only entrants above a specific,
endogenous threshold of productivity would run firms, resulting in an unrealistically stark firm size distribution. With
taste heterogeneity, this threshold is smoothed out as it depends on both productivity and taste. Then some firms will
operate despite low productivity because their owners like the activity.
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value, they decide whether to be own-account workers or to employ others. Productivity in own-
account work is in line with an individual’s productivity as a worker. In equilibrium, those with
highly productive enterprises decide to be employers. There are two types of employer firms. Firms
can operate either a high-skill technology, using only high-skill workers, or a low-skill technology,
using only low-skill workers. Low-skill employers can only operate the low-skill technology, and
thus hire only L-type workers. High-skill employers can choose whether to operate the high- or
the low-skill technology. That is, they may run a firm employing only high-skill workers, or only
low-skill workers.3

Finding a job as an employee requires job search in a frictional labor market, analogous to other
large-firm versions of the canonical Diamond-Mortensen-Pissarides (DMP) model like Cahuc,
Marque & Wasmer (2008) or Elsby & Michaels (2013). That is, the unemployed who do not
become self-employed have to search for a job, and may or may not find one in a given period. As
a result, some of them remain unemployed. Once an unemployed worker finds a job, wages are
bargained between the worker and the employer.

In addition, the model also captures the important realities of casual work and public sector em-
ployment in simple ways. Those in casual work earn income, but cannot find a longer-lasting job.
Those in government work remain in the sector until retirement.

The model builds closely on Poschke (2018b), who adds self-employment, a choice between own-
account work and being an employer, and firm size heterogeneity to the DMP model.4 The setting
here goes beyond this by featuring two types of workers and firms, as well as taste heterogeneity.
This setting allows analyzing how the regulation of employment affects not only employment and
wages, but also unemployment, self-employment, and differences between high- and low-skill
individuals. To capture these margins, it is obviously essential to allow for two skill types, and
it is also necessary to allow for endogenous entry into self-employment, a choice between own-
account work and being an employer, and endogenous firm size and labor market outcomes. Labor
market frictions may play an important role in how regulation affects wages, unemployment, and
self-employment.

3.1 States, flows and the labor market

Time in the model economy is discrete. The economy consists of a measure one of individuals of
the two skill types. Each individual also has a permanent taste parameter τ , which governs her taste

3In practice, of course, firms combine both types of workers. Still, this setting is a good approximation of different
types of technologies.

4See Pissarides (2000) for an overview of the canonical DMP model.
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for self-employment compared to wage work. This parameter is drawn from a distribution Tj at
labor market entry, where j indexes worker skill type (j ∈ {H,L}). In each period, any individual
leaves the labor market through death or retirement with a fixed probability φ. At the same time,
a measure φ of new-born individuals (with the same skill composition as the general population)
newly enter the labor market via unemployment. As a result, the population and its skill and taste
composition are constant.

At any point in time, an individual can be in exactly one of five states: unemployment, (private
sector) wage employment, government employment, own-account work, or being an employer.
Let their measures be uj, nj, gj, esj , and efj . A fraction of the unemployed engages in casual work
in any period.

Flows. Individuals flow between the five states. Some of the flows occur exogenously (like
retirement and job destruction), while other flows are endogenously determined in the model (like
job finding and self-employment entry). All flow rates can vary between firms using the high-skill
and the low-skill technology.

The exogenous flows occur with fixed rates, and are as follows. Existing matches dissolve with a
probability ξj . Own-account workers and employers need to close their business with probabilities
λsj and λfj , respectively. All of these flows move the affected individuals into the unemployment
pool. For firm closures, employees also lose their jobs and move to unemployment. To simplify
notation, denote the total job separation rate for workers by sj ≡ 1 − (1 − φ)2(1 − ξj)(1 − λfj),
and the exit rates for firms by λ̃sj ≡ λsj + (1 − λsj)φ and λ̃fj ≡ λfj + (1 − λfj)φ, respectively.
Separations can be caused by death of either the worker or the employer, by firm shutdown, or by
an exogenous match separation.

Any period, a fraction δj of individuals in the unemployment pool need to engage in casual work. I
model this state as a result of a shock instead of a choice to keep the model simple. Modeling it as a
choice would require introducing saving, which would substantially complicate the model. While
engaged in casual work, individuals cannot search for jobs. In the following period, they return
to the unemployment pool and again face the probability δ of casual work. Given its exogenous
nature, income from casual work does not affect equilibrium outcomes unless it is so high that
individuals would voluntarily choose it over job search. Hence, to save on notation, I assume that
both the unemployed and individuals in casual work enjoy an income flow of b.

Similarly, I assume that in any period, a fraction χj of individuals in the unemployment pool finds
a government job. These jobs last until retirement. I assume that wages paid in these jobs are high
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enough that individuals would not voluntarily leave them.5 This model feature mostly serves to
get the accounting of different job types right. Given the small entry probability into the sector, it
does not affect choices much.

The flows from unemployment into jobs and into self-employment are endogenous. The job finding
rate for job searchers f is an equilibrium object, and I discuss its determination below. The entry
rate into self-employment, h, depends on choices of the unemployed. Its determination is described
when their occupational choice problem is discussed below.

The labor market. The labor market is as in a standard random search and matching model: The
creation of new job matches is governed by a matching function, which transforms its inputs – job
searchers and job vacancies – into successful matches. This process is segmented along skill lines.
Unemployed workers decide whether to search or become self-employed. With a self-employment
entry rate hj , this implies a measure of job searchers ūj = (1−δj)(1−χj)(1−hj)(1−φ)uj . (Those
who retire or take a casual or a government job cannot search.) Note that measured unemployment
in a period does not include casual workers.

Firms aiming to hire an employee post vacancies, at a cost of kvj per vacancy and period. Define
labor market tightness for skill level j as θj ≡ vj/ūj . Then, assuming a standard Cobb-Douglas
matching function, the probability that a vacancy is filled in any given period is qj = q(θj) ≡ Aθ−µj ,
and the probability that a job seeker finds a job is θjqj , where µ is the exponent on vacancies in the
matching function, and A parameterizes the efficiency of the matching process. Both probabilities
depend only on labor market tightness in the relevant market segment. Since both the number of
vacancies and that of searchers arise from choices, labor market tightness in each segment is an
equilibrium outcome of the model, and so are the job finding and vacancy filling probabilities.

The distribution of employment states. These flows generate a partition of individuals in the
economy into the five states. I will focus on stationary equilibria of this economy. In a stationary
equilibrium, the measure of agents in each state is constant. Each measure can be derived by
equating flows into and out of a state. In this way, the equilibrium measures of own-account
workers and employers can be obtained as

es =
(1− δ)h(1− φ)ps

λ̃s
u (1)

5This pattern is consistent with longer durations of these jobs, and entry into them later in the life cycle.
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and

ef =
(1− δ)h(1− φ)pf

λ̃f
u, (2)

where ps and pf denote the probability that an entrant chooses to become an own-account worker
or an employer, respectively, and skill subscripts have been omitted for conciseness. These two
endogenous objects are described below.

The unemployment rate in a stationary equilibrium is given by the modified Beveridge curve

(MBC). For λf = λs, this simplifies to

u =
s

s(1 + χ(1− φ)/φ) + (1− φ)(1− δ)(1− χ)(1− h)θq + (1− φ)(1− χ)(1− δ)h(pf + ps)s/λ̃f
.

(3)

This expression is analogous to the usual Beveridge curve, with three differences. First, finding a
government job causes flows out of employment at a rate χ. Since government jobs only end with
retirement, this reduces the unemployment rate. Second, individuals on casual jobs cannot search.
Therefore, a higher rate of casual jobs, δ, raises the unemployment rate. Third, unemployment
outflows occur not only to employment (at a rate θq for searchers), but also to self-employment.
As a result, the job finding rate and the unemployment outflow rate are different in this economy.
Fourth, employees and entrepreneurs have different flow rates into unemployment. This is captured
in the different terms in the numerator of equation (??), and results in the final fraction in the de-
nominator in equation (3). Intuitively, if the flow rate into unemployment is lower for entrepreneurs
than for employees, then a larger entrepreneurship rate tends to reduce unemployment.

Finally, the measure of employees follows as

n = 1− u− es − ef − g, (4)

Next, I describe the values and optimal behavior for firms, employees, and the unemployed.

3.2 Agents’ problems, value functions, and occupational choice

Firms. Firms produce a homogeneous good and sell it in a perfectly competitive market. The
price of output is normalized to 1. Recall that there are two types of firms, employing a high-skill
technology with high-skill workers, or a low-skill technology with low-skill workers. Firms differ
in their productivity z. Starting a firm requires paying a fixed cost kfj . After this, entrants learn
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about the productivity of their venture. (They draw it from a known distribution with mean and
variance that can differ by the owner’s skill.) For simplicity, productivity is constant throughout
a firm’s life. Depending on their realized productivity, entrants choose whether to hire employees
and which technology to operate, whether to become an own-account worker, or whether to return
to unemployment.

Taste τ affects how much an individual enjoys net income from self-employment relative to that
from other sources. A taste value larger than 1 implies that the individual enjoys self-employment.
This modeling features captures the well-known fact that the taste for self-employment varies
broadly in the population, and is an important determinant of being self-employed. The parameter
can capture a variety of motives, like e.g. desire to be your own boss, or stand in in a simple way
for variation in risk aversion.

Own-account workers produce with the production function y = ζjajz. The skill-specific parame-
ter ζ controls the relative productivity of firms run by own-account workers. It can also reflect that
own-account workers need to cover both management and production tasks, but also that they may
be treated more leniently in terms of regulation and taxes, de jure or de facto, which is a typical
presumption in the literature (see e.g. Albrecht, Navarro & Vroman 2009).

Employer firms use a production function y = z(ajnj)
γj , where j indicates the skill type used in

the firm, and nj is employment of workers of type j. (Recall that only a single skill type can be
used in a firm.) The parameter γj ∈ (0, 1) captures the degree of decreasing returns to scale in
production. They could potentially face a tax at rate tj on their wage bill.

In this setting, a firm’s employment is an endogenous object that depends on a firm’s productivity,
technology, and the cost of labor and hiring. As a result, the model generates firms of different
sizes (in addition to own-account workers), and has a well-defined firm size distribution for any
distribution of productivity. Firms of the two types differ in the productivity of their employees,
in their returns to scale, and in their distribution of productivity. All of these lead to differences in
size between the two types of firm. Taste does not affect firm size because it applies to net income,
i.e. both revenue and cost. It only affects which firms are active.

Entrants can choose between own-account work and becoming an employer, and high-skill entrants
can choose between operating a high- or low-skill firm. The relative attractiveness of these options
depends on the wages for the two types of workers (wj), the cost kvj and difficulty qj of hiring
them, and the relative productivity of own-account workers, ζj .

Let a firm’s optimal employment choice given prices be nj(z). Then the value of own-account
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work for an individual of type j and with taste τ is given by

Fsj(τ, z) = τζjajz +
(1− φ)(1− λsj)

1 + r
Fsj(τ, z) +

(1− φ)λsj
1 + r

Uj. (5)

The value of being an employer with technology j for an individual of type i is

Ffij(τ, z) =τ

[
z(ajnj(z))γj − (1 + tj)wjnj(z)− kvj

qj(θj)
ξ̂jnj(z)

]
(6)

+
(1− φ)(1− λfj)

1 + r
Ffij(τ, z) +

(1− φ)λfj
1 + r

Ui,

where ξ̂j = ξj + (1 − ξj)φ is the rate of attrition of workers that a firm faces due to exogenous
separations, death/retirement, and accidents.

The value of each activity consists in the utility value of flow profits plus the expected, discounted
continuation value. For own-account workers, flow profits are simply equal to output. For employ-
ers, they equal output minus the wage bill, minus the cost of rehiring workers who depart, either
due to match destruction or due to death. The effective cost of a worker in this setting, due to
match separations, is not just w but w + ξ̂kv/q.

Firm entry and type decision. The unemployed can decide to start a firm instead of searching
for a job. Doing so involves first paying an entry cost kfj . They then draw their productivity z
from a known distribution Gj(z).6 Based on the realization of z, they decide whether become an
employer and of which type, whether to continue as own-account workers, or whether to return to
unemployment. The following description is for high-skilled individuals, who can choose to oper-
ate either the high- or the low-skill technology. The problem for low-skill individuals is analogous
but simpler, since the low-skill technology is not available to them.

For a high-skill entrant with taste τ and productivity z, four choices are available: return to un-
employment (yielding UH), own-account work (yielding FsH(τ, z)), being an employer with the
low-skill technology (yielding FfHL(τ, z) − kvL

qL(θL)
nL(z)), or being an employer with the high-

skill technology (yielding FfHH(τ, z) − kvH
qH(θH)

nH(z)). In the latter two options, the term that is
subtracted accounts for the cost of hiring that is incurred to bring the firm to its optimal scale.

The optimal choice is characterized by three thresholds, zsH(τ), zfH(τ) and zfHH(τ). (See Figure
2.) It is clear that the value of unemployment, UH , is independent of z. It is also clear from
equation (5) that the value of own-account work increases linearly in productivity z. Finally,

6The assumption of uncertainty about post-entry productivity is in line with the literature on firm dynamics, and is
motivated by the large rates of turnover of young firms.
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given optimal employment choices discussed below, the net value of operating an employer firm
at optimal employment, net of the cost nj(z)kvj/qj of reaching that level, is increasing and convex
in z.7 As a result, continuation values as a function of z are as depicted in Figure 2. Entrants
with productivity above zfH(τ) become employers. Those with productivity below zsH(τ) exit
to unemployment, and those with z between zsH(τ) and zfH(τ) become own-account workers.
The third threshold zfHH(τ) separates the levels of productivity where it is optimal to be a low-
tech employer from those where the optimal choice is to be a high-tech employer. (This structure
is analogous to that in Gollin (2007), except for the third threshold.) In general, it is not clear
whether the most productive employers choose the high- or the low-skill technology. But one can
show that they will choose the one that is closer to constant returns to scale (i.e. the one with the
higher level of γj).

Productivity z

Va
lu

es

UH

FsH

zfHH

 net 

 net 

zfHzsH

FfHH
FfHL

Figure 2: The values of unemployment (UH), self-employment (FsH), and the value of being
an employer net of hiring costs at entry for firms employing low-skill (F net

fHL(z) = FfHL(z) −
nHL(z)kvL/qL) and high-skill workers, respectively, with associated productivity cutoffs

Combining these possibilities, the value of entry for high-skill individuals with taste parameter τ

7Convexity reflects the ability of employers to leverage their own productivity z by hiring workers accordingly.
Given constant firm-level productivity and constant, linear hiring costs due to labor market frictions, it is optimal for
firms to move to optimal employment directly upon entry.
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is given by

QH(τ) =
1− φ
1 + r

[
−kfH +

∫
max

(
FfHH(τ, z)− kvH

qH(θH)
nH(z), (7)

FfHL(τ, z)− kvL
qL(θL)

nL(z), FsH(τ, z), UH

)
dGH(z)

]
,

and analogously for low-skill individuals, with the difference that they can only run firms with the
low-skill technology.

I now turn to workers and the unemployed.

Workers. Employed workers receive a wage wj per period. They lose their job with the com-
bined separation probability sj , and keep it otherwise. Wage determination is discussed below.
Since wages are common across jobs in a sector, workers have no incentive to leave a job volun-
tarily. As a result, the value of employment is given by

Wj = wj +
1− sj
1 + r

Wj +
sj − φ
1 + r

Uj, (8)

where Uj is the value of the unemployment state, and Dj the value of the post-accident disability
state for an individual of skill j.

Government jobs. With probability χj , workers permanently enter government employment,
earning an exogenous wage wgj per period. Let the value of this state be Gj . Then

Gj =
wgj(1 + r)

r + φ
. (9)

Unemployment and occupational choice. In any period, the unemployed need to engage in
casual work with probability δj , and find a government job with probability χj . Otherwise,
they choose between job search and self-employment entry. These choices determine the self-
employment entry rate hj .

Job search yields a per period flow value of bj , and results in success with probability θjqj . As a
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result, the values of search, Sj , and that of casual employment, U j , are given by

Sj = bj +
1− φ
1 + r

[θjqjWj + (1− θjqj)Uj] (10)

U j = bj +
1− φ
1 + r

Uj. (11)

With occupational choice, the value of unemployment for an individual of skill j is given by8

Uj = δjU j + (1− δj)χjGj + (1− δj)(1− χj) max {Sj, Qj(τ)} . (12)

With probability δj , the unemployed need to engage in casual work and cannot search. With
probability χj , they find a government job. With the complementary probability, they can either
search, or choose to start a firm. Since individuals differ in taste, only those with Qj(τ) > Sj enter
self-employment. Those with τ such that Qj(τ) = Sj are indifferent between the two choices.
Let the value of τ that satisfies this condition be τ̄ . Then, those individuals with τ > τ̄ enter
self-employment. Since τ̄ is endogenous and depends on equilibrium objects, this implies that an
endogenous fraction hj of the unemployed with skill j start a firm, where hj ≡

∫∞
τ̄j
uj(τ)dτ/uj ,

where uj(τ) is the taste distribution of the unemployed with skill j.

3.3 Wage determination and vacancy posting

When a firm and a worker meet and a match is created, the two parties bargain over the wage.
Because of frictions in match creation, each match involves some surplus. The wage determines
how this surplus is split between the firm and the worker.

Like Cahuc et al. (2008) and Elsby & Michaels (2013), I assume that sector j workers and firms
split the surplus from a match, with workers receiving a fixed share proportional to their bargaining
weight ηj .9 Wages are bargained upon hiring, and remain constant thereafter. That is, wages solve
the surplus sharing equation

(1− ηj)(Wj − Uj) = ηj
∂F ij

f (τ, z, nj)

∂nj
, (13)

where the last term on the right hand side denotes the marginal value of an additional worker to a
j-tech firm with productivity z and employment nj operated by an owner with skill i and taste τ .

8Note that via Qj(τ), the other worker values also depend on τ . This is suppressed in the equation for conciseness.
9See Stole & Zwiebel (1996) and Bruegemann, Gautier & Menzio (forthcoming) for the game-theoretic founda-

tions of this assumption.
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For simplicity, I assume that when a worker and a firm bargain over the wage, neither of them can
observe the other’s taste τ , and that they instead assume that the other has the population average
taste.10

In this setting, it can be shown (see Appendix A.3 for a detailed derivation) that

w =
1− η̃t(γ − 1)

1− η̃(1 + tγ)

r + φ

1 + r

1− η
1 + ηt

U+

+
η̃

1− η̃(1 + tγ)

[
1− (1− φ)(1− λf )

1 + r
+ ξ̂

]
kv
q(θ)

, (14)

where η̃ = η
1 + t

(1 + ηt)
, and j subscripts are omitted for conciseness.

Four remarks are in order. First, the wage curve given by equation (14) is analogous to the wage
curve in a standard DMP model, with the exception of the values of the constants. In particular,
wages increase in labor market tightness θ, reflecting the fact that match surplus is larger when
the expected hiring cost kv/q is larger. Wages also increase in the value of the worker’s outside
option U . Second, although firms vary in productivity, all workers in a market segment are paid
the same wage. This is because upon hiring, any worker is marginal, and the relevant surplus to
consider in bargaining is that of a marginal job. When firms are at their optimal employment, the
marginal surplus is equalized across firms. As a consequence, wages are also equalized across firms
of heterogeneous productivity. More productive firms then do not pay higher wages, but instead
have more employees. (See Appendix A.3 for more detail on this point.) Third, self-employment
opportunities enter bargaining workers’ outside option U , and can affect wages in this way.

A firm’s optimal employment is given by

n(z) = (zγaγ)
1

1−γ

{
1 + η̃(γ − 1)

1− η̃t(γ − 1)

[
(1 + t)w +

(
1− (1− φ)(1− λf )

1 + r
+ ξ̂

)
kv
q

]}− 1
1−γ

. (15)

(Again, see Appendix A.3 for a detailed derivation.) Optimal firm size increases in productivity,
and decreases in the cost of employing a worker, which comprises both the wage and the expected
cost of replacing departing workers. The taste for entrepreneurship does not affect optimal em-
ployment, because it applies to profits.

Continuing employer firms face departures of workers at a rate of ξ̂ per period, and thus need
to post ξ̂n(z)/q vacancies per period to replace them. New entrants find it optimal to hire n(z)

10This implies that workers ignore some information at their disposal, like the effect of taste on entry, and that
both parties ignore selection patterns. Taking these issues into account would complicate the analysis without obvious
added benefit or realism.
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workers all at once, and therefore post n(z)/q vacancies. From equation (2), new entrants account
for a fraction λ̃f of employers. As a result, total vacancies in a sector are given by

v =
λ̃f + (1− λ̃fj)ξ̂

q
efj

∫
n(z)g̃(z)dz. (16)

Individuals make choices taking labor market tightness θ in both market segments as given. In
equilibrium, tightness generated by individuals’ actions in terms of occupational choice and hiring
needs to be consistent with this, that is

θ =
v

(1− δ)(1− χ)(1− h)(1− φ)u
, (17)

where the denominator on the right hand side results from entry choices, and the numerator results
from entry, firm type and hiring choices.

3.4 Equilibrium

The quantitative analysis considers a stationary equilibrium of this model. In words, this is an
equilibrium in which individuals flow across states, but aggregate quantities and flow rates remain
constant. More formally:

Stationary equilibrium. A stationary equilibrium consists in valuesWj, Gj, Uj, Sj, U j, F
ij
f (τ, z),

F ij
s (τ, z), Qj(τ), a distribution described by uj, nj, gj, ejs, e

j
f , and dj , probabilities hj, functions

nj(z), and numbers τ̄j, vj, θj, wj, for i, j ∈ {H,L} such that

1. the values Wj, Gj, Uj, Sj, U j, F
ij
f (τ, z), F ij

s (τ, z), Qj(τ) are given by equations (5) to (6)
and (7) to (12),

2. the unemployed choose optimally whether to enter self-employment (τ > τ̄j) or to search,

3. wages fulfill equation (14),

4. the equilibrium distributions are generated by household choices and are stationary, accord-
ing to equations (1) to (4),

5. firms post vacancies optimally (equations (15) and (16)), and

6. labor market tightness in each segment j (given by equation (17)) is generated by unemploy-
ment in- and outflows and by firms’ vacancy posting decisions.
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The key equilibrium objects are θH and θL. Given the assumptions on bargaining, θj is sufficient
for computing value functions and thus optimal choices (entry, firm type, hiring) for individuals
and firms of different taste in a market segment. These choices imply flow rates, which in turn
determine rates of unemployment, self-employment etc. states in a stationary state of the economy.
The combination of these states and choices imply segment-level vacancies and the number of
searchers, and thus tightness.

The two sectors of the economy are linked because high-skill employers can run firms employing
low-skill workers. This implies that opportunities for high-skill workers, which affect how many
of them choose to become employers, can affect demand for hiring low-skill workers. At the same
time, opportunities for low-skill workers, which affect how many of them search for wage employ-
ment, affect how many high-skill workers choose to run firms with the low-skill technologies.

4 Calibration

To be able to conduct a quantitative evaluation of various policy proposals, I calibrate the model to
the economy of Ethiopia. This requires choosing an empirical definition of high versus low skills,
choosing distributions for productivity z and taste τ , and setting parameter values. A model period
corresponds to one month.

High skill is defined as having completed a diplome or a degree. This implies that the fraction of
the labor force with high skills, pH , is 17.3% (2016 UEUS). The 2013 LFS implies similar figures.

The taste distribution is assumed to be log-normal. Log tastes have standard deviation στ and mean
−σ2

τ/2, implying that tastes have mean 1. This distribution is assumed to be identical for both skill
groups.11

The productivity distribution is assumed to be log-normal, augmented by an atom at a high level
of productivity. This is important for capturing the fact that some large employers account for
a substantial fraction of employment. This would not be possible with a log-normal distribution
alone. Thus, I assume that with probability 1 − ιj an entrant draws her productivity from a log-
normal distribution, where log z has mean µj and standard deviation σjz. With probability ιj , her
log productivity is µj + κjσ

j
z.

With these choices made, it remains to choose parameter values. Four of these can be normalized:
I set the productivity of low-skill workers, aL, mean productivity of entrants, exp(µj + σjz

2
/2),

11Ideally, all parameters would vary by skill. However, the challenge is to find identifying information in the data.
Therefore, I let as many parameters as possible vary by skill, but am restricted to assume that some are common.
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j = H,L, and the productivity parameter in the matching function, A, to 1. Furthermore, I set the
exponent on vacancies in the matching function to the commonly used value of 0.5. The annual
discount rate is set to 4%, and the death/retirement probability φ is set such that the expected
duration of a working life is 40 years. Absent direct information from Ethiopia, the firm exit rates
λjf and λjs are set to be equal, and to generate flows out of entrepreneurship of 1% a month as those
implied by the data in Bigsten, Mengistae & Shimeles (2007, Figure 3).

This leaves 28 parameters to calibrate: aH , kjf , k
j
v, ζj, ξj, ηj, bj, γj, σ

j
z, ιj, κj, στ , χj, wgj, and δj .

These are set to match 28 targets describing the Ethiopian economy. Because of the non-linearity
of the model, it is not possible to match these targets exactly. Therefore, I set parameter values to
minimize the sum of squared distances between target moments and model equivalents.

Next, I discuss what information is used to calibrate the model. In general, because of the com-
plexity of the model, all parameters affect all calibration targets to some extent. However, each
parameter has a particularly strong effect on one or a few target moments. I therefore next discuss
which information is useful for identifying which parameter.

I begin with firms and the distribution of productivity. The parameters describing the distribution
of productivity are calibrated to match information on the distribution on firm sizes, by skill, com-
puted from the Economic Census for Ethiopia. Concretely, I calibrate γj , σjz, ιj and στ to match
the fraction of firms with high-skill or low-skill owners and under 5 and under 20 employees, re-
spectively, as well as the share of low-skill workers in firms run by low-skill owners, the share of
high-skill entrepreneurs running low-skill firms, as well as median size of firms run by low-skill
owners.12

The costs of entry, kjf , are set to match self-employment rates by skill. The relative productivity of
own-account workers, ζj , is set to match the fraction of employers by skill type.

The cost of hiring is one of the main determinants of firms’ employment choices, as shown in
equation (15). As a result, it directly feeds into vacancy creation by firms (equation 16). Given an
unemployment rate and occupational choices, vacancy creation directly determines labor market
tightness and thereby a searcher’s probability of finding a job (equation 17). Thus, the vacancy
posting cost kjv is set to match unemployment outflow rates by skill group.13

The unemployment rate at a point in time depends on unemployment outflows and inflows. Out-
flows are essentially governed by the match destruction rate ξj . I thus set it to match the unem-

12These targets identify a set of combinations of ιj and κj , for each j. In practice, it does not matter much which of
these combination is chosen. In principle, additional information on employment at the top of the firm size distribution
could be used to choose one of these combinations.

13This is computed from unemployment durations reported in the UEUS using the method from Shimer (2012).
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ployment rate by skill. Given this, the probability of casual employment by sector, δj , can be set
to match the unemployment rate, and the probability of finding a governed job, χj , can be set to
match the fraction of such jobs. The wages in government jobs, wgj , are set to match their data
counterparts relative to private sector wages.

Finally, the relative productivity of high-skill workers, aH , is set to match their relative wage. The
bargaining power of workers, ηj , is set to match a labor share in national income of approximately
two thirds (Gollin 2002). The utility flow in unemployment, bj , is set at 40% of the wage.

Table 3: Calibration: model fit

model data
skill group skill group

moment L H L H

unemployment outflow rate (%) 4.9 5.4 4.6 5.3
unemployment rate (%) 23.7 12.8 25.7 12.9

rate of own-account work (%) 19.6 6.7 18.5 4.9
fraction employers (%) 15.0 6.1 11.5 4.0
fraction casual employment (%) 19.5 8.4 21.4 8.2
fraction government employees (%) 14.6 47.3 14.9 48.6

% share of firms with H owners 76.7 87.4
in L industries

% share of L workers employed 92.9 85.0
in firms with L owners

median firm employment 2.4 3.3 2.0 3.0
% share of firms with. . .
n < 5 96.6 65.1 81.1 55.7
n < 20 96.6 70.2 96.1 83.5

skill premium (wH/wL) 1.96 2.22
rel. wage in government (wgj/wj) 1.22 0.74 1.14 0.83
labor income share 71.1 66.1 67.0 67.0
b/w 0.50 0.56 0.40 0.40

Table 3 shows the fit of the model. Key statistics are matched fairly closely.14 In particular, the
distribution of the population over unemployment and the different employment states is close to
the data. Matching the firm size distribution well turns out to be quite difficult. Still, the model
obtains a reasonable match, with a very realistic median of employment, and both very small and

14At this point, there is still scope to improve the calibration. Because of the large number of parameters and the
non-convexity of the objective function, doing so is time-intensive.
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somewhat larger firms. As in the Ethiopian economy, there are very few large firms.15

Ideally, it would be desirable to evaluate the fit of the model along further dimensions. However,
this would require access to additional sources of micro data, to compute moments that could be
compared to the model.

Table 4: Calibration: parameter values

skill group

parameter interpretation L H

σ2
z variance log productivity 0.090 0.299
σ2
τ variance log taste 1.195 1.195
ι probability top productivity 0.020 0.065
κ level top productivity 11.4 6.0

γ returns to scale 0.674 0.677
kf entry cost 4.0 313.4
ζ rel. productivity own-account 0.202 0.129

kv vacancy posting cost 41.0 122.0
ξ match destruction rate 0.050 0.017
δ probability casual work 0.386 0.365
χ probability government job 0.0006 0.004

a worker productivity 1 1.782
η worker bargaining power 0.507 0.499
b utility flow in unemployment 0.351 0.756
wg government wage 0.846 1.011

Table 4 reports model parameters. A few stand out. The productivity of high-skill entrepreneurs
is much more dispersed than that of low-skilled ones. In addition, high-skill (low-skill) entrants
benefit from a 6.5% (2%) probability of drawing a very high level of productivity. These two
parameter settings reflects the fact that larger firms are run by high-skill entrepreneurs, whereas
low-skill employers mostly run small firms. While mean productivity of the distribution that en-
trants draw from does not vary by entrepreneur skill, productivity conditional on choices is higher
for high-skill entrepreneurs.

High-skill individuals are also significantly more productive as workers. This gives them a wage
premium of around 100%, in line with the data.

Finally, the calibration assigns much higher entry costs to high-skill owners. At the same time,
their relative productivity as employers (compared to own-account workers) is higher. If it were

15As stated above, the model probably understates the true importance of large firms due to measurement issues.
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not for the high entry costs, the attractive productivity distribution faced by high-skill entrants
would motivate too many high-skill individuals to start firms. The higher entry cost is, of course,
in line with the larger size and (not measured here) capital intensity of businesses run by high-skill
employers. The higher relative productivity as an employer leads a larger fraction of high-skill
entrants to become employers, in line with the data. This could be interpreted to reflect choices
of industry and production technology of high-skill entrepreneurs, which more naturally imply
employing others.

The calibration also assigns higher vacancy posting costs to high-skill owners. Otherwise, their
higher productivity would translate into excessive (compared to the data) unemployment outflow
rates. The match destruction rate for low-skill workers is extremely high, at 5%. This lets the model
match the low-skill unemployment rate. Finally, the small probabilities of entering government
jobs let the model match the observed share of employment in that sector.

For a model of labor market flows, it is important to match empirical flows well. Apart from infor-
mation on unemployment outflows obtained from duration data, there is no recent flow data with
broad coverage. For an earlier period, 2000-04, labor market transitions are reported by Bigsten
et al. (2007).16 This was a period with lower rates of private sector employment and higher rates of
government employment. Still, it featured similar entrepreneurship exit rates and similar rates of
finding government jobs as those obtained in the calibration. Transitions between unemployment
and private sector jobs, however, were much less dynamic at that time. The higher rates found in
recent data are in line with the increasing importance of private sector wage employment.

Overall, the model captures key features of the Ethiopian economy: high rates of self-employment
and in particular own-account work, and a preponderance of small firms, combined with a very
small number of very large employers. In the following section, I use the calibrated model for
policy analysis.

5 The determinants of unemployment and self-employment

The model matches the composition of employment in Ethiopia, with its high rates of unemploy-
ment and self-employment, in particular for the low-skilled. What accounts for their prevalence,
according to the model? To answer this question, I will first inspect model parameters and compare
them to estimates for other countries, where possible. I will then explore the effect of varying key
parameters on the composition of employment.

16These rates need to be converted to a monthly basis.
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5.1 Model parameters governing unemployment

The unemployment rate is given by the modified Beveridge curve (MBC). It depends on the bal-
ance of unemployment in- and outflows. Inflows occur from wage employment at the exogenous
rate ξj . (Other components of the separation rate sj are quantitatively less important.) The core
outflow rates are that to wage employment, fj , and that to entrepreneurship, hj . Outflows to ca-
sual work, δj , are temporarily and therefore effectively just reduce the outflow rate. Outflows to
government jobs are permanent, but occur at a very low rate. The job finding rate fj depends
on firms’ incentives to post vacancies, which depend on the vacancy posting cost kjv as well as
unemployment flow utility bj , which has an effect on wages.

The self-employment rate similarly depends on the balance of in- and outflows. Outflows are
given by the exit rate. Inflows occur from unemployment, and depend on the relative attractiveness
of self-employment as well as the distribution of tastes. The attractiveness of self-employment
depends on the entry cost, kjf , but also on the attractiveness of the alternative, job search, and thus
on the job finding rate.

What are the calibrated values of these parameters, and how do they compare? First, firms in
the calibrated benchmark economy face an expected cost of hiring, kjv/qj , of about four times the
monthly wage for low skill workers, and about six times the monthly wage for high-skill workers.
These hiring costs are comparable to those reported for developed economies. This is surprising,
given that jobs in richer economies often require more specific skills, explaining the cost of hiring.
In particular for low-skill jobs, this cost of hiring appears very high.17

As a consequence, job finding rates are low, at 6.6% per month for low-skill workers and 6.9%
for high-skill workers. These rates are at the low end internationally (Donovan et al. 2019). The
unemployment outflow rate is about 5% for both skill levels. (The job finding rate is conditional
on search and can therefore exceed the unemployment outflow rate.) This is a similar level to that
observed in continental European economies (Elsby et al. 2013).

Second, the separation rate ξj is very high for low-skilled workers, at 5% per month. For high-
skilled workers, it is lower, at 1.7% per month. But even this rate is high: it exceeds continental
European separation rates, which cluster around 0.5-0.7% per month, and is comparable to sepa-
ration rates in Australia or New Zealand (Elsby et al. 2013). Yet, these countries have significantly

17Note that this high cost of hiring may appear to contrast with reports that firms can fill vacant positions very
quickly. Time aggregation matters here: the model features a cost of hiring for a job that remains filled after a month.
In reality, it is not uncommon for matches to dissolve more quickly than this (see e.g. Blattman & Dercon 2018). The
cost here should thus be interpreted as the cost of filling a position and keeping it filled after a month, which may in
practice require a sequence of hires.
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higher unemployment outflow rates than Ethiopia. Moreover, it is a general phenomenon across
countries that separation rates are lower for high-skilled workers. Therefore, countries with an
average separation rate around 1.7% will have lower separation rates for high-skilled workers,
making the high-skill separation rate inferred for Ethiopia high in international comparison. Since
the unemployment rate increases close to linearly in the separation rate for low values of the sepa-
ration rate, these differences are very significant.

Overall, the two skill types face very different labor market situations. High-skill workers face very
low job finding rates and moderate separation rates, resulting in slightly elevated unemployment.
Since entry into self-employment activities appropriate for their skill level is costly, they mostly
focus on job search. Low-skill workers also face very low job finding rates but, on top of that,
very high separation rates. Because this makes search unattractive, and because self-employment
entry in low-skill activities is less costly, self-employment constitutes an important alternative to
job search for these workers.

5.2 Unemployment – an accounting analysis

The model calibration uses the unemployment rate by skill as a target, and thus matches its level
by construction. It also uses the unemployment outflow rate as a target. This is observed to
be rather low, and thereby contributes to high unemployment. The match separation rate is not
observed directly. The calibration assigns rather high values to this rate in order to match the high
unemployment rate. From the MBC (equation 3), for given values of δj, hj, φj, χj, p

j
f and pjs, and

unemployment rate of 25.7% can be attained in various ways. One of them is a job finding rate
of 6.7% coupled with a separation rate of 5%, as in the benchmark calibration. The solid line in
Figure 3a illustrates other combinations consistent with a 25.7% unemployment rate. The dotted
line shows the combinations consistent with the 12.9% high-skill unemployment rate. This shows
that both components contribute to the high unemployment rate, for both skill levels.

The remaining panels of Figure 3 show how unemployment depends on other model parameters
and equilibrium outcomes: the separation rate ξ, the job finding rate f , and the rate of casual work
δ. It is clear that lower separations, faster job finding, or a lower need for casual work could all
reduce unemployment. (The need for searchers to take on casual work – and the time spent away
from search as a result – reduces the efficiency of search.) However, while unemployment varies
significantly with each of these rates, low-skill unemployment tends to remain above 10% even
if there were no separations, job finding was very fast, or there was no need for searchers to take
casual jobs. This illustrates the interaction of these features: for example, eliminating separations
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Figure 3: Labor market frictions and unemployment – an accounting analysis using the modified
Beveridge curve

Note: These simulations use the modified Beveridge curve (equation 3), keeping all other parameters and the self-
employment entry rate at their values in the benchmark economy.
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has a limited impact on unemployment if the job finding rate remains low. Reducing both the
separation rate and raising the job finding rate can reduce unemployment more significantly (Figure
3e). This joint reduction in frictions can bring low-skill unemployment below 10% and high-skill
unemployment towards 5%. Note however that the scenario with the lowest frictions shown in this
panel reduces the separation rate by 70% and increases the job finding rate by a factor 1/0.3, or
more than 3. These are very large changes that would naturally completely transform the labor
market.

How do reductions in different frictions compare? Cutting the separation rate in half would reduce
low-skill unemployment by 3.7 percentage points and high-skill unemployment by a bit more
than one percentage point. As shown in Figure 3b, the marginal effect of reducing separation
rates is low at high rates, and grows as rates decline. Doubling the job finding rate would reduce
low-skill unemployment by 4.4 percentage points and high-skill unemployment by 3 percentage
points. Here, the marginal effect of raising this rate decreases in its level. Completely eliminating
separations (surely unrealistic and in fact not desirable, but a useful benchmark) would reduce
low-skill unemployment to 14% and high-skill unemployment to just under 10%. Raising the job
finding rate to the very high levels seen in the US would reduce unemployment even more. Overall,
it appears that reductions in both frictions have the potential to strongly reduce unemployment,
with a slightly larger effect of increases in the job finding rate.

It is important to note that this is a pure accounting analysis. In particular, it does not take into
account how behavior of searchers and firms reacts to parameter changes. For example, changes
in the separation rate would also make hiring more attractive to firms, and should therefore also
lead to a higher job finding rate. These changes would also affect the self-employment entry rate:
more attractive job search, due to fewer separations or quicker job finding, should reduce self-
employment entry. This tends to raise unemployment somewhat, but may be good for efficiency
of the economy. I thus next turn to a fuller analysis using the model.

5.3 Frictions and equilibrium unemployment

To assess the effect of frictions on the full model, I solve the model several additional times,
varying parameters. In the following, I discuss the effects of reducing labor market frictions, as
parameterized by kv and ξ. I first illustrate the mechanism in detail, and then assess the potential
for reductions in frictions to reduce unemployment and increase wage employment.

Table 5 shows the effects lower hiring frictions on occupational choices and aggregate model out-
comes. The table shows the effect of a reduction in kv by 30%. While in the model, kv stands for
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Table 5: The effect of lower hiring frictions

reduce by 30%: kLv kHv kLv and kHv
outcomes for skill group

L H L H L H

% change in:
θj 64.5 -7.5 0.0 65.5 67.9 60.8
wj -0.6 -1.9 0.0 0.8 0.0 -0.5
effective cost of labor -2.2 -2.1 0.0 -0.2 -1.5 -1.6

aggregate welfare 2.0 1.2 3.2
..., fixed occupational choices -0.2 0.8 1.5
..., fixed occupational choices -0.6 0.7 1.0

and unemployment

% pt change in:
u outflow rate 1.2 -0.1 0.0 1.3 1.2 1.2
job finding rate 1.9 -0.3 0.0 2.0 2.0 1.8
unemployment rate -2.1 0.1 0.0 -1.0 -2.1 -1.0
fraction employees 3.8 -1.0 0.0 5.0 4.2 4.5
rate of...

own-account work -3.8 -0.2 0.0 -0.3 -3.1 -0.5
employers 3.7 1.0 0.0 0.2 2.5 0.8

% share of firms with H owners -2.7 -2.4 -2.2
in L industries

% share of L workers employed 0.7 0.1 0.4
in firms with L owners

elasticity of ... with respect to the parameter change:
uj 0.26 -0.01 0.0 0.24
rate of own-account work 0.61 0.09 0.0 0.16

hiring costs borne by employers, one should not take such a narrow interpretation. The reason is
that reductions in kv in the model affect outcomes of interest in the same way as increases in the
efficiency of the matching process. Hence, one can think of lower kv as stemming not only from
improvements in firms’ hiring efficiency, but also as capturing anything else that makes it easier to
create a productive match between a worker and a firm.

The table shows results for reductions in kv for low-skill workers only, high-skill workers only,
and both groups. For each skill group, lower hiring frictions motivate firms to hire more workers
and post more vacancies, driving up tightness θ in the respective labor market segment. This leads
to a higher job finding rate, faster unemployment outflows, and a lower unemployment rate. The
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reaction of the unemployment rate to the higher job finding rate is of a similar size as that found
in the accounting analysis above (see Figure 3c). Yet, the model also predicts that unemployment
outflows decline by less than the job finding rate because better chances of finding jobs attract
individuals from self-employment into job search. As a result, the fraction of own-account workers
declines steeply – by more than the unemployment rate for low-skill workers. The elasticity of the
low-skill rate of own-account work with respect to kLv is 0.61, much larger than the elasticity of
low-skill unemployment of 0.26.

High-skill workers experience wage gains as a result of increased hiring by firms when kHv declines.
This is not the case for low-skill workers after a reduction in kLv , because of the larger inflow
of searchers out of own-account work. Welfare increases in all cases, since fewer resources are
devoted to hiring, and more individuals end up in productive employment. Welfare changes are
a combination of changes in net income for the different employment groups, and shifts across
the groups. The table shows that, if occupational choices were kept fixed, welfare would actually
decline as kLv declines. Hence, changing occupational choices are key for the economy to reap
gains from advantageous changes in the environment. Across scenarios, about half the welfare
gains come from changes in occupational choices.

There are also some changes in the population of firms. The decline in kLv affects firm creation
and labor demand by low-skill employers particularly strongly. As a result, more workers work in
their firms. Lower kHv makes creating high-skill firms more attractive for high-skill entrepreneurs.
While lower kHv hardly affects low-skill workers, reduced frictions in hiring low-skill workers do
affect high-skill workers. Because of increased demand for low-skill workers, their labor market
tightness and wages decline slightly.

The second key reason for high levels of unemployment are high separation rates. Table 6 shows
the effect of reducing model separation rates by 30%. As firms anticipate that matches will last
longer, they post more vacancies, so that tightness increases. Higher demand for workers raises
their wages. The effective cost of employing workers still declines, as they stay with the firm for
longer.

Higher tightness translates into a higher job finding rate and faster unemployment outflows. The
latter compound the effect of lower separations on unemployment: where the accounting analysis
would have predicted a decline in the low-skill unemployment rate by only 1.8 percentage points
(see Figure 3b), the unemployment rate here declines by almost 3 percentage points. This cap-
tures the additional, endogenous response of the job finding rate, which was kept constant in the
accounting analysis. In addition, the model predicts a sharp decline in the fraction of own-account
workers, and thus a very large increase in wage employment.
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Table 6: The effect of a lower separation rate ξ

reduce by 30%: ξL ξH ξL and ξH

outcomes for skill group

L H L H L H

% change in:
θj 34.4 -2.6 -4.4 16.3 27.7 10.6
wj 2.8 -0.7 -1.3 0.7 0.8 -0.6
effective cost of labor -0.4 -0.7 -1.4 -1.5 -2.7 -2.9

% pt change in:
u outflow rate 0.7 0.0 -0.1 0.4 0.6 0.3
job finding rate 1.1 -0.1 -0.1 0.5 0.9 0.4
unemployment rate -2.9 0.0 -0.1 -1.1 -3.2 -1.0
fraction employees 7.0 -0.3 -0.6 4.6 6.3 4.0
rate of...

own-account work -2.9 -0.1 -1.7 -0.5 -5.5 -0.7
employers 0.5 0.3 2.7 1.0 4.5 1.5

% share of firms with H owners -0.1 -16.7 -1.8
in L industries

% share of L workers employed 0.2 1.4 0.4
in firms with L owners

elasticity of ... with respect to the parameter change:
uj 0.39 -0.01 0.01 0.25
rate of own-account work 0.48 0.03 0.25 0.23

Again, there are some interactions across skill groups: lower separation rates for one group make
it more attractive to hire that group, and therefore slightly reduce tightness and wages in the other
market segment.

Figure 4 shows the reactions of unemployment and self-employment to changes in the separation
rate and to changes in the job finding rate induced by changes in kv for a whole range of changes.
These results highlight what we learn from the model beyond the lessons from an accounting
analysis. First, changes in the separation rate lead to larger changes in unemployment than found
in the accounting analysis, because of the endogenous response of vacancy posting: firms react to
lower separations by hiring more, which in turn reduces unemployment (Figure 4a). This effect is
strong. The same is true, to a lesser extent, for changes in the job finding rate brought about by
changes in hiring frictions. As a result, the finding shown in Figure 3 is overturned. Endogenous
responses of other margins, which were ignored in Section 5.2, imply that reductions in both
frictions have a similarly strong potential to reduce unemployment rates.
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Second, for the low-skilled, changes in the separation rate or in hiring frictions lead to large
changes in the rate of own-account work. In fact, in line with the elasticities reported in Table
5, the changes in the fraction of own-account workers are larger than those in the unemployment
rate. The effect is also present for high-skill workers, but quantitatively smaller. In general, re-
ductions of frictions from the benchmark first reduce own-account work most. Further reductions
then reduce unemployment more. (See the bottom panels.) This implies that reductions in frictions
not only increase wage employment by reducing unemployment, as already seen in Figure 3, but
increase wage employment even further due to the reduction in own-account work.

Third, there are differences across skill groups. Because low-skill matches last less long, low-skill
unemployment would be higher even if job finding rates were identical. Even if both separation
and job finding rates were identical (not shown), low-skill unemployment would still be higher
due to the lower propensity of the public sector to hire low-skill workers. The reaction to changes
in frictions also differs across skill groups. While reductions in unemployment do not differ that
much across skill groups, reductions in own-account work are particularly stark for the low-skilled.

Sufficiently large changes in frictions can reduce unemployment and self-employment rates to the
range of 5 to 10%. These reductions do not appear entirely unrealistic or fundamentally infeasible:
Reducing separations rates by 70% would take them to 1.5% and 0.5% monthly for low- and
high-skilled workers, respectively. These values are in the range of continental European countries
(Elsby et al. 2013). Reducing kv by 70% would raise job finding rates to 16 to 18% monthly.
These values are comparable to those in the UK or Japan (ibid.). Poor countries in South-East
Asia, which tend to have low unemployment rates, tend to have flow rates in this range (see e.g.
Poschke 2019). Hence, a transition from continental European job finding rates, combined with
Anglosaxon job destruction rates to the inverse could reduce unemployment and self-employment
rates by up to two thirds for the low-skilled, and more than third for the high-skilled. A more
limited reduction that left these rates close to international averages could reduce unemployment
and self-employment by a third or more.

Summarizing, both hiring frictions and high rates of separations contribute significantly to the
high unemployment rates and the high self-employment rates in urban Ethiopia. The effect of high
separation rates is amplified as firms respond to them by hiring less. Reactions in frictions also lead
to large reactions in own-account work, implying that wage employment increases by significantly
more than just the reduction in unemployment. This effect, like the effect of lower separations
on hiring, cannot be captured by accounting models. Finally, changes in occupational choices are
necessary to capture the full welfare gains from reductions in labor market frictions.
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Figure 4: Labor market frictions and unemployment – model predictions

Note: These simulations use the full model. In the top panels, the separation rate ξ is varied. In the middle panels, the
vacancy posting cost kv is varied. For comparability to Figure 3, the graphs show the implied job finding rate instead
of kv on the horizontal axis. In the bottom panels, ξL, ξH , kLv and kHv are all varied at the same time by the same
proportion, and their values relative to the benchmark are shown on the horizontal axis. In all panels, other outcomes
adjust endogenously in the model.
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6 The effects of policies towards entry and unemployment

This section explores the effect of policies and other components of the economic environment
on self-employment and unemployment. First, I analyze the effect of entry barriers, since high
self-employment rates in poor countries are often thought to reflect low barriers to entry. Then I
quantify the potential effect of income support policies for the unemployed on self-employment
and unemployed.

Table 7 shows the effect of reducing entry costs in the model by 30%. Lower entry costs attract
the unemployed into self-employment. As a result, unemployment declines, the pool of searchers
shrinks, and wages increase. For a reduction in low-skill entry costs, all additional low-skill en-
trepreneurs become own-account workers. The fraction of low-skill employers declines due to the
higher cost of labor.

Table 7: The effect of a lower entry cost kf

reduce by 30%: kLf kHf kLf and kHf
outcomes for skill group

L H L H L H

% change in:
θj 6.7 8.6 12.5 13.7 19.9 22.1
wj 1.9 2.2 3.5 3.4 5.6 5.5
effective cost of labor 2.1 2.4 4.0 3.8 6.2 6.0

% pt change in:
u outflow rate 0.1 0.2 0.2 0.5 0.3 0.6
job finding rate 0.2 0.3 0.4 0.5 0.6 0.7
unemployment rate -0.8 -0.1 0.2 -0.7 -0.5 -0.7
fraction employees -0.6 1.0 1.8 -0.2 1.2 0.8
rate of...

own-account work 2.7 0.2 4.0 1.0 6.0 1.1
employers -0.2 -0.9 -6.7 2.9 -6.4 1.8

elasticity of ... with respect to the parameter change:
uj 0.09 0.02 -0.02 0.15
rate of own-account work -0.36 -0.08 -0.52 -0.38

For the same reason, the fraction of high-skill employers falls. At the same time, the higher
cost of low-skill labor leads more high-skill employers to open up shop in high-skill industries.
This increases demand for high-skill workers, and thus their wages and employment rates. The
reduction in low-skill searchers brought about by the increase in self-employment entry thus spills
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over to high-skill workers, as firms shift employment towards them.

The effects are similar for lower entry costs for high-skill firms. In this case, the effect of the lower
entry cost dominates that of the higher cost of labor, and more high-skill employers are created.
Again, the effect spills over: the higher cost of employing scarcer high-skill workers also leads to
increasing demand for low-skill workers, pushing up their wages.

Overall, it is obvious that entry costs are an important determinant of self-employment entry, just
like the labor market frictions seen above. Lower entry costs have the potential to reduce un-
employment – but they do not necessary raise wage employment, since they mostly affect self-
employment entry, and only a small fraction of the self-employed become employers. Moreover,
for the low-skilled, the elasticity of the rate of own-account work with respect to the entry cost
is significantly smaller in absolute value than that with respect to kLv . This implies that low entry
costs are not the main determinant of high rates of own-account work here – high labor market
frictions are at least as important.

Given the high observed levels of unemployment, income support for the unemployed has been
proposed. Often, the concern is that such a policy would make the unemployed better off, but
would also lead to increased levels and durations of unemployment. To assess this, I simulate the
effect of raising the flow value of unemployment, bL, by 30%. This corresponds to a payment of
15% of the low-skill wage in the benchmark economy each month. In the scenario considered here,
this might plausibly allow individuals to search more and engage in less casual work. Therefore, I
also assess the effect of a transfer that results in a reduction in the rate at which searchers undertake
casual work by 30%.18

Effects of these changes are shown in Table 8. Consider first the scenario where only bL increases.
The first direct effect of this is to increase wages, and thus to reduce vacancy posting by firms, and
thus labor market tightness. As a result, job finding slows down, the unemployment rate increases,
and the wage employment rate declines. The increase in unemployment is exacerbated by the fact
that more attractive search induces the unemployed to search and not to take up self-employment.
Summarizing, the effect of transfers on unemployment benefits and levels is standard, and is am-
plified by the reduction in self-employment entry. These effects are similar for both skill groups.

When higher benefits lead to more efficient search (lower δ), these effects are qualitatively similar.
Because more effective search on its own also makes search more attractive compared to self-
employment, the increase in the unemployment rate is amplified. The larger pool of searchers does

18Alternatively, one might think that income support could allow constrained workers to invest more in search, as
the findings of Abebe, Caria & Ortiz-Ospina (2017) would imply, and would thereby increase the efficiency of search.
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not translate into higher wage employment because of the reduced job finding rate.

This analysis abstracted from the need to finance benefits by taxes. In the last counterfactual, I
assume that the increase in benefits is financed by payroll taxes. Table 8 shows results for an
increase in bL, and for an increase in bL combined with a reduction in δL. In the first case, a payroll
tax of 5% on all employees is required to finance the change in b. In the second scenario, a tax
rate of 5.5% is required. These tax rates are high given the high incidence of unemployment. In
practice, collecting them may be a challenge, since most firms are small and many may be informal
and evade taxes. As is well known (see e.g. Restuccia & Rogerson 2008), collecting them only
from larger firms induces misallocation of resources, which can have a substantial welfare cost.
Here, I abstract from this problem. (A different, related problem consists in the screening of the
eligibility of beneficiaries.) Then, the burden of the taxes is shared by employers and workers.
Overall, wages now fall slightly, since taxes more than compensate for the effect of the higher
outside option. Tightness contracts sharply due to taxes. The reduction in vacancy posting and
tightness compensates for the effect of taxes on the effective cost of hiring workers.

Lower tightness implies a substantially larger increase in unemployment than in the case without
taxes. The change in the rate of low-skill own-account work is not much affected by taxes. This
arises from the balance of two effects. While higher unemployment makes self-employment more
attractive, taxes that employers would have to pay make it less attractive. For the high-skill, the
latter dominates, and self-employment falls despite lower wages and higher unemployment.

In all scenarios, welfare increases strongly. This is despite a decrease in aggregate consumption due
to the distortionary effect of payroll taxes. There are two types of major welfare changes: First,
income support redistributes from employees, who pay payroll taxes, to low-skill job searchers.
In the present setting with linear utility, this redistribution does not increase aggregate welfare.
Second, marginal own-account workers are attracted into job search, where they are better off.
This second effect is quantitatively important, and depends on the distribution of taste for self-
employment.

Given the fact that welfare gains from benefits depend on the distribution of taste for self-employment,
it may be more productive to dedicate resources to promoting search and improving search out-
comes, aiming for outcomes as in Table 5 and Figure 4c. Findings such as those by Abebe et al.
(2017) suggest that there is large scope for this.19

19Note that while employment protection legislation is known to reduce separation rates, it does not appear to be
a promising policy in this context since it can also suppress hiring and cause resource misallocation across firms (see
e.g. Hopenhayn & Rogerson 1993).
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7 Conclusion and Discussion: Sources of frictions

The analysis in this paper has shown that labor market frictions are very strong in urban Ethiopia.
Job finding rates are very low, and the low-skilled also face very high job separation rates. These
frictions contribute not only to high unemployment, but also to high rates of own-account work for
the low skilled.

A natural next question to ask is why labor market frictions are so high in Ethiopia. There are many
potential candidates, among which search costs for workers or for firms, and information frictions
in matching. Without longitudinal data on individuals, firms, or employees in firms, ideally at a
high frequency, it is hard to assess their importance directly.

Existing experimental evidence suggests a combination of high search costs for workers and in-
formation frictions. Abebe et al. (2017) estimate that search costs for job seekers are very high,
and that job seekers are financially constrained, implying sub-optimal levels of search on their
part. This is reflected in low job finding rates and high rates of casual work in the model here.
Franklin (2018) also finds that reducing search costs at the individual level improves job search
outcomes in Addis Ababa. In line with this, Blattman & Dercon (2018) show that individuals use
temporary, unpleasant jobs to cope with adverse shocks or finance search for better jobs or future
self-employment.

Experiments conducted in other African countries have found that certifying worker skills affects
labor market outcomes and that job fairs can improve employment outcomes by conveying in-
formation (Beam 2016, Bassi & Nansamba 2018, Carranza, Garlick, Orkin & Rankin 2019). In
another experiment, Banerjee & Chiplunkar (2018) find that the quality of job matches can be
greatly improved, even when it is already done by professionals.

Ethiopia is not alone among poor countries in having high job separation rates and low job finding
rates. Donovan et al. (2019) analyze flows across labor market states in the urban areas of 36 coun-
tries, the poorest of which are Nicaragua and the Philippines. Figure B1 in their paper shows that
poorer countries generally have slightly higher flows from wage work to unemployment, slightly
lower flows from unemployment into wage employment, and much higher flows from unemploy-
ment to self-employment. These authors also interpret high levels of separations as stemming from
information frictions.
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Appendix

A Proofs and derivations

A.1 Summary of model timing

The following summarizes the timing of events in this economy.

1. If individuals chose to enter, they pay the entry cost kf and their productivity z ∼ f(z) is
realized.

2. Depending on z, entrants decide whether

(a) to keep the business and post vacancies to reach the optimal employment level,

(b) to be self-employed, or

(c) to exit and go to the unemployment pool.

3. Shocks (φ, λf , λs, ξ, δ, θ · q (θ)) are realized.

4. Value functions are measured and occupational choices take place.

5. Production takes place and payoffs (w, b) are realized.

A.2 Derivation of steady state stocks in the different states

In a stationary equilibrium, inflows and outflows from each state are equal. Moreover, the measure
of agents in all states adds up to the total population. This implies

ek =
(1− δ)(1− χ)(1− φ)hpk

λ̃k
u (18)

for k = s, f , as well as

n =
(1− δ)(1− φ)(1− h)θq

1− (1− λf )(1− ξ)(1− φ)2
u. (19)

In addition,

1 = ef + es + n+ g + u = ef + es + n+ u(1 +
χ(1− φ)

φ
), (20)

When setting λf = λs, we obtain the MBC (equation 3) in the text.
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A.3 Detailed Derivation of Wage

As stated in the main part of the paper, workers and firms split the surplus according to workers’
bargaining weight η. The total surplus is the sum of workers’ and firms’ surplus, explicit expres-
sions of which are given below. Let j index agent/employee type. Let i index employer type, if
needed separately. Let parameters differ, except for φ and r.

Worker’s Surplus The value of employment is given by

Wj =

(
1 + χj

ρj
r + φ

)
wj +

1− sj − χj
1 + r

Wj +
sj − φ
1 + r

Uj.

Rewrite this to obtain Wj − Uj:

Wj − Uj =
1 + r

r + sj + χj

(
1 + χj

ρj
r + φ

)
wj −

r + φ+ χj
r + sj + χj

Uj.

Firm’s Surplus The value of a firm is given in (6). The marginal value of hiring an additional
worker the firm has just met, and keeping that worker until either the firm shuts down or some type
of separation occurs, is given by

c0

(
εy′j (nj)− wj − nj · w′j (nj)

)
, (21)

where ĉ0 = (1 + r)/(r + ŝj), and ŝ = 1− (1− φ)2(1− λfj)(1− ξj)(1− χj).

Nash Bargaining The following is identical for H and L worker firms, so drop j subscripts.

The bargaining rule implies that the wage solves

(1− η) (W − U) = ηĉ0 · (y′ (n)− (1 + t)w − n · (1 + t)w′ (n))

Using the expressions above, this becomes

(1− η)

(
1 + r

r + s+ χ

(
1 + χ

ρ

r + φ

)
w − r + φ+ χ

r + s+ χ
U

)
= ηĉ0 · (y′ (n)− (1 + t)w − n · (1 + t)w′ (n))[

(1− η) (1 + r)

r + s+ χ

(
1 +

χρ

r + φ

)
+ ηĉ0(1 + t)

]
w =

(1− η) (r + φ+ χ)

r + s+ χ
U + ηĉ0 · (y′ (n)− n · (1 + t)w′ (n))

(1− η) (1 + r)
(

1 + χρ
r+φ

)
+ ηĉ0(1 + t) (r + s+ χ)

r + s+ χ
w =

(1− η) (r + φ+ χ)

r + s+ χ
U + ηĉ0(y′(n)− n(1 + t)w′(n)).
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Then, approximating ĉ0 as (1 + r)/(r + s+ χ),(
1 + ηt+

(1− η)χρ

r + φ

)
w = (1− η)

r + φ+ χ

1 + r
U + η · (y′ (n)− n · (1 + t)w′ (n)) ,

so that

w =
(1− η)(r + φ)

(1 + ηt)(r + φ) + (1− η)χρ

r + φ+ χ

1 + r
U +

η(r + φ)

(1 + ηt)(r + φ) + (1− η)χρ
(y′ (n)− n(1 + t)w′ (n)) .

Let

η̂ ≡ η
r + φ

(1 + ηt)(r + φ) + (1− η)χρ
; cU ≡ (1− η)

r + φ

(1 + ηt)(r + φ) + (1− η)χρ

r + φ+ χ

1 + r
.

(22)

Note that cU =
r + φ+ χ

1 + r

1− η
η

η̂. Then the differential equation is

w = cUU + η̂ (y′ (n)− n(1 + t)w′ (n)) . (23)

The solution to the differential equation then is

w(n) = n−1/η̃

∫ n

0

y′(z)z1/η̃−1dz + cUU, (24)

where η̃ ≡ (1− t)η̂. Integrating yields

w(n) = cUU +
y′(n)

γ − 1 + 1/η̃
. (25)

The firm’s optimality condition for employment here is

y′(n) = (1 + t)w + n · (1 + t)w′(n) +

[
1 + r − (1− φ)(1− λf )

1 + r
+ ξ̂

]
kv
q

(26)

or, using the solution to the wage equation,

y′(n) =
1 + η̃(γ − 1)

1− η̃t(γ − 1)

{
(1 + t)w +

[
1 + r − (1− φ)(1− λf )

1 + r
+ ξ̂

]
kv
q

}
. (27)
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Solving this for n yields labor demand

n(z) = (zγaγ)
1

1−γ

{
1 + η̃(γ − 1)

1− η̃t(γ − 1)

[
(1 + t)w +

(
1− (1− φ)(1− λf )

1 + r
+ ξ̂

)
kv
q

]}− 1
1−γ

. (28)

Substituting it into the wage equation yields

w = cUU +
η̃

1− η̃t(γ − 1)

{
(1 + t)w +

[
1 + r − (1− φ)(1− λf )

1 + r
+ ξ̂

]
kv
q

}
. (29)

That is, the wage at optimal labor demand is

w =
1− η̃t(γ − 1)

1− η̃(1 + tγ)

r + φ+ χ

1 + r

1− η
η

η̃

1 + t
U +

η̃

1− η̃(1 + tγ)

[
1− (1− φ)(1− λf )

1 + r
+ ξ̂

]
kv
q
,

(30)

where η̃ = (1 + t)η
r + φ

(1 + ηt)(r + φ) + (1− η)χρ
.

Solution of the differential equation for w. Without the constant, the equation is

w′ (n) +
w

η̂(1 + t)n
− y′ (n)

(1 + t)n
= 0. (31)

Let η̃ ≡ η̂(1 + t). The solution of the homogeneous equation

w′ (n) +
w

η̃n
= 0

then is
w (n) = Cn−1/η̃. (32)

C is a function of integration that can be a function of n. So take the derivative of equation (32)
with respect to n:

∂w

∂n
= C ′ (n)n−1/η̃ − C

η̃
n−1/η̃−1

Substituting this into (31) yields
C ′ (n) = y′ (n)n1/η̃−1

Integrating this gives C (n) as

C (n) =

∫ n

0

y′ (z) z1/η̃−1dz +D
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so the wage w is

w (n) = n−1/η̃

∫ n

0

y′ (z) z1/η̃−1dz +Dn−1/η̃

The constant D can be dealt with assuming that the wage bill goes to zero as employment goes to
zeros. This implies D = 0. The solution to equation (23) then is

w (n) = n−1/η̃

∫ n

0

y′ (z) z1/η̃−1dz + cUU.

Integrating yields

w (n) = cUU +
y′(n)

γ − 1 + 1/η̃
. (33)

The division in the last term here comes from the overhiring effect. Note that y′ of course is
j−specific. But conditional on the type of worker hired, this equation applies to both types of firm,
indexing all terms by j as required.

To obtain the wage at the firm’s optimal constant level of employment (replacing any workers who
leave), use the labor demand condition. To obtain this, equate the marginal value of having an
additional employee for the firm’s entire life, from (21), to the expected hiring cost. This results in

y′ (n) = (1 + t)w + n · (1 + t)w′ (n) +

[
1 + r − (1− φ)(1− λf )

1 + r
+ ξ + (1− ξ)φ

]
kv
q
.

To simplify, take the derivative of (33) with respect to n, multiply by n, and replace the n · w′ (n)
term in the labor demand condition. This yields

y′ (n) = (1 + t)w + (1 + t)
(γ − 1)y′(n)

γ − 1 + 1/η̃
+

[
1 + r − (1− φ)(1− λf )

1 + r
+ ξ + (1− ξ)φ

]
kv
q

or

y′(n) =
1 + η̂(1 + t)(γ − 1)

1− η̂t(1 + t)(γ − 1)

{
(1 + t)w +

[
1 + r − (1− φ)(1− λf )

1 + r
+ ξ + (1− ξ)φ

]
kv
q

}
.

Again, this holds for each worker type j. Solve this for n to obtain the labor demand condition in
(28). Substituting this expression into (33) yields the wage at the optimal employment level given
in equation (30).
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B Computation

The algorithm for solving the model is as follows.

1. Guess candidate values of θj, j = L,H .

2. Compute the implied sectoral job finding rates and vacancy filling rates using the matching
function.

3. For each segment, solve the linear system of equations (??), (10), (12) and (14) for the wage
w and the values of employment (W ), search (S) and unemployment (U ).

4. Compute optimal employment for each type of firm, using equation (15), for a grid of values
of productivity. (These depend on θ and w.)

5. For each type of worker, use equations (5) and (6) to compute the values of own-account
work and being an employer, for a grid of values of productivity and taste. (These depend
on θ and w.)

6. For each value of productivity and taste, obtain the optimal post-entry action (return to unem-
ployment, own-account work, employ low-skill workers, or, for H individuals only, employ
high-skill workers). This yields the thresholds zsj , zfj and zfHH .

7. Using the distribution of productivity for each type of worker, compute the probability of
each of these outcomes (this yields pf and ps) as well as the expected value of entry Qj(τ)
for each taste value using these optimal choices (equation 7).

8. Compare Q(τ) to S to determine at which taste levels entry is optimal. This implies the
probability for entering from unemployment, hj .

9. Using these probabilities, compute the stationary distribution of productivity and the steady
state stocks of individuals in the different labor market states using the expressions in equa-
tions (1) to (??).

10. Using these stocks, optimal labor demands and the guess of tightness, compute total vacan-
cies by segment (equation (16)) and implied labor market tightness (equation (17)).

11. If implied labor market tightness equals the initial guess in each segment, the equilibrium
has been obtained. Otherwise, update the guesses for θj in step 1, and begin again from that
step.

47



Designed by soapbox.co.uk

The International Growth Centre 
(IGC) aims to promote sustainable 
growth in developing countries 
by providing demand-led policy 
advice based on frontier research.

Find out more about 
our work on our website  
www.theigc.org

For media or communications 
enquiries, please contact  
mail@theigc.org

Subscribe to our newsletter and 
topic updates 
www.theigc.org/newsletter -signup

Follow us on Twitter  
@the_igc 

Contact us 
International Growth Centre, 
London School of Economic 
and Political Science, Houghton 
Street, London WC2A 2AE


	32416_Working paper.pdf
	Introduction
	The setting
	Labor force states
	Employment durations and separations
	Firm characteristics

	Model
	States, flows and the labor market
	Agents' problems, value functions, and occupational choice
	Wage determination and vacancy posting
	Equilibrium

	Calibration
	The determinants of unemployment and self-employment
	Model parameters governing unemployment
	Unemployment – an accounting analysis
	Frictions and equilibrium unemployment

	The effects of policies towards entry and unemployment
	Conclusion and Discussion: Sources of frictions
	Proofs and derivations
	Summary of model timing
	Derivation of steady state stocks in the different states
	Detailed Derivation of Wage

	Computation


