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Abstract

Workers in developing countries face substantial constraints to job search.

Many policies aim to lower search barriers and expand the wage sector, but the

efficiency and optimality of these policies remain unclear. This paper devel-

ops a search-and-matching model that incorporates key features of develop-

ing economies including a large self-employment sector, savings-constrained

households, and capital-constrained firms. Four search externalities — two

positive and two negative — emerge, leading to inefficiency. After estimating

the model using an experiment that provided search subsidies to job seekers

in Ethiopia, I find that the optimal policy is a tax that substantially increases

the cost of search, rather than a subsidy.
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1. Introduction
For policymakers in developing countries, creating jobs is a top economic prior-

ity. Recent empirical work, however, has documented that workers face substan-
tial constraints that make it difficult for them to search for work.1 Simultaneously,
the difficulty of finding and hiring the right workers is often understood to be a
constraint to firm growth (WDR 2013). As a result, there has been significant inter-
est in policies aimed towards reducing workers’ barrier to search — these offer the
potential win-win of improving outcomes for workers while also allowing firms to
hire the workers needed for growth. Examples of such policies include subsidies
to labor search, transport, and the first few months of wages (e.g. Levinsohn et al.
2014, Franklin 2018, De Mel et al. 2019, Abebe et al. 2021a, and many others).

Creating efficient labor market policies in developing countries requires under-
standing the central tradeoffs underlying search decisions. Frictional search mod-
els are the standard tool for answering these questions (see Rogerson, Shimer &
Wright 2005, for a review), but lack many relevant features of developing economies.
Individuals often spend months or even years alternating between marginal em-
ployment and job search before finally finding long-term employment (Donovan,
Lu & Schoellman 2023), driven in part by their inability to borrow to fund search
(Abebe, Caria, Fafchamps, Falco, Franklin & Quinn 2021a, Abebe, Caria & Ortiz-
Ospina 2021b). Thus the household side of any model requires a self-employment
outside option and borrowing constraints. Further, it is well-established that firms
in developing countries face financial frictions that inhibit growth (Beck, Levine &
Loayza 2000, Banerjee & Duflo 2005). To the extent that these frictions also limit
hiring, they will play a role in determining optimal policy.

The contribution of this paper is to develop a model of frictional labor markets
that takes these central features of developing countries seriously. I characterize
the relevant search externalities in this setting and show that novel channels arise
from the interaction of search and financial constraints. I then use evidence from a
randomized controlled trial in Ethiopia (Abebe et al. 2021a) to estimate the model
and quantify these externalities, as well as the tax and subsidy rates that imple-
ment the efficient allocation and the resulting welfare gains. I also show that the
optimal policy is difficult to determine using partial equilibrium experimental re-
sults alone, as these may not represent the impact of the policy when implemented

1See e.g. Abebe, Caria, Fafchamps, Falco, Franklin & Quinn (2021a), Abebe, Caria & Ortiz-
Ospina (2021b)
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economy-wide.
In the model, workers have access to a frictionless self-employment option and

are savings-constrained, limiting their ability to fund job search. They desire higher-
paying wage jobs but must pay a search cost (e.g. commuting) and give up a period
of income in order to search. Because they face idiosyncratic job-finding risk, only
sufficiently self-insured individuals will choose to search while others will opt for
the guaranteed but lower income of self-employment.

A second type of agent — entrepreneurs — operates firms. Entrepreneurs are
heterogeneous in productivity and operate a constant returns to scale production
technology. Consequently, they desire to be large but are restricted in size by a col-
lateral constraint that prevents them from financing capital beyond some multiple
of their wealth. They hire workers by posting vacancies, but vacancies are costly,
reducing available collateral and slowing growth. Thus paying these costs today
limits firms’ ability to expand and offer employment tomorrow.

My interest is in understanding efficiency in this model, and I formalize this
idea using a constrained social planner. Motivated by the empirical literature on
active labor market policies, I consider a planner that values only worker welfare
and cannot adjust firm financial frictions or decisions. For example, in Ethiopia
(where I estimate the model), this would be the problem solved by the Ministry of
Labor and Skills, which can direct labor market policy but cannot dictate firm or
financial policies. The planner therefore chooses the optimal level of search subject
to the constraint that firms will respond optimally to their choice and internalizes
the impact of these responses on worker welfare.

In standard search models, a worker’s decision to search creates congestion
costs for other searchers (because it is now harder for them to find a job) but also
generates benefits for firms by reducing hiring costs (as firms are more likely to
find workers when there are more searchers). These channels are also present here,
but their interaction with financially constrained firms adds novel dynamic bene-
fits as well. Successful searchers (those who find jobs) generate profits for firms,
which are used to finance asset accumulation and thus firm growth. This benefits
future searchers who find jobs at these now-larger firms. Further, I show that this
growth is concentrated among high-productivity firms, who are able to leverage
this additional capital for growth more effectively. As a result, production tilts to-
wards the most productive firms, reducing misallocation in the economy. Neither
of these benefits is taken into account by workers’ search decisions, and I refer to
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them as the “Firm Size” and “Allocative Efficiency” externalities of search. The
optimal policy balances these positive effects against a negative Crowd Out exter-
nality.2

The planner’s search decision rule can be implemented in competitive equilib-
rium by subsidizing or taxing search, but whether search should be subsidized or
taxed depends on whether the positive or negative externalities dominate. This
is ultimately a quantitative question, and to answer it, I estimate the model using
simulated method of moments to match search behavior from fortnightly data col-
lected as part of an experimental evaluation of a labor search subsidy in Ethiopia
(Abebe et al. 2021a). The model is estimated exclusively using data on control indi-
viduals (those not receiving a subsidy) while the outcomes of treated individuals
receiving the subsidy are reserved for validation checks, which the model passes
— while the subsidy is offered, treated individuals are about 5 percent more likely
to search for work in both the data and model.

I find that the optimal policy is a tax on search equal to about 50 percent of
average self-employment earnings, and the resulting welfare gains are substan-
tial at 1.9 percent of average consumption. Decomposing these gains across the
various externalities shows that Crowd Out and Firm Size each have a substan-
tial impact, accounting for 1.5 and -0.8 pp of the gains respectively, while the re-
maining channels (Allocative Efficiency and the technical externality) collectively
contribute only 0.4 pp.3 In essence, the negative Crowd Out effect quantitatively
dominates the positive externalities.

What drives the conclusion that Crowd Out dominates and search should be
taxed? In traditional search models where the planner maximizes total surplus,
efficiency depends largely on the elasticity of the matching function (i.e. Hosios
1990). This parameter is less important here. Without the ability to control firm de-
cisions, the planner is required to account for firms’ responses to additional search
(which are no longer guaranteed to be efficient, given the planner’s lack of con-
trol over vacancy postings). If the elasticity of the matching function is small, an
additional searcher creates few jobs. However, firms respond to additional search

2The planner also considers a small technical externality related to model design. Valuing only
worker welfare, the planner has an incentive to act as a monopolist and restrict labor supply in or-
der to increase wages, an effect common to models that treat workers and entrepreneurs as distinct
agents (e.g. Itskhoki & Moll 2019). This channel is more reflective of modeling assumptions than it
is of any interesting economic reality, but, fortunately, it ends up being quantitatively insignificant.

3Due to the nature of the decomposition exercise, the sum of these individual impacts is not
necessarily equal to the overall welfare impact of 1.9 percent.
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by posting additional vacancies (both in the current period and dynamically due
to firm financial constraints), and, if the marginal searcher generates few jobs, the
marginal vacancy generates many under a constant returns to scale matching func-
tion. The strength of these two channels moves in opposite directions with respect
to the match elasticity, diminishing its quantitative importance. This contrasts with
a traditional planner who optimally manages the level of search and vacancies sep-
arately.4

What matters instead is the magnitude of firms’ responses to additional search.
If small, the additional channels of job creation will be small, and the Crowd Out
effect will dominate. This turns out to be the case in the estimated model, driven
by the fact that estimated vacancy postings costs are small. The economic environ-
ment implied by the data is one in which hiring costs do not represent a particu-
larly large expense for firms, and, as a result, additional searchers have little impact
on overall firm hiring or growth — they mostly crowd each other out instead of
generating new wage employment through the Firm Size channel. A quantitative
experiment confirms this to be the case — substantially increasing the hiring cost
targeted in model estimation results in an optimal policy that is a subsidy, rather
than a tax, on search.

The final section of this paper pivots from normative to positive analysis and
examines the aggregate impact of a search subsidy that reduces the cost of search
by two-thirds, the same policy evaluated in the experiment used to estimate the
model, funded by a tax on wage workers. The purpose of this section, following
in the spirit of the literature on using macroeconomic models to interpret experi-
mental results (e.g. Brooks, Donovan & Johnson 2020, Lagakos, Mobarak & Waugh
2023), is to highlight the importance of accounting for equilibrium adjustment in
determining a policy’s impact. The subsidy appears to be a promising policy in
partial equilibrium (i.e. without the impact of externalities), improving welfare
by 1.3 percent; however, these gains are substantially muted after accounting for
equilibrium adjustment and fall to only 0.1 percent. Although redistributing from
wealthier workers to poorer searchers improves average welfare, these gains are
almost entirely offset by the losses that occur due to an increase in search behav-
ior and, consequently, a decline in efficiency. Implementing the same tax on wage

4Indeed, in classic search models where total surplus efficiency is governed by the Hosios con-
dition (e.g. Pissarides 2000), imposing this welfare criterion implies that competitive equilibrium is
efficient for any value of the elasticity. This knife-edge result does not hold here due to the dynamic
forces and financial constraints in my model.
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workers but instead directing the subsidy towards the self-employed improves
welfare by over an order of magnitude more (1.5 percent), as it achieves the same
amount of redistribution but does so in a way that moves search closer to, rather
than further from, its optimal level.

Overall, the surprising conclusion of this paper is that labor markets in devel-
oping countries are characterized by workers who search too much rather than too
little, at least for labor markets similar to the one in Ethiopia used to estimate the
model where hiring costs represent only a small constraint to firm growth . Con-
sequently, policies aimed at helping and encouraging workers to search, such as
search subsidies, run the risk of being counterproductive. While they do manage
to increase the size of the wage sector and may even yield promising experimental
results, the results are more pessimistic once externalities are taken into account,
and these policies can carry substantial welfare costs.

Related Literature: This paper is closely related to the macroeconomic devel-
opment literature studying the impact of entrepreneur-level credit constraints on
growth and development such as Buera, Kaboski & Shin (2011), Moll (2014), It-
skhoki & Moll (2019), and Buera, Kaboski & Shin (2021). This paper also builds
on recent work drawing distinctions between subsistence self-employment and
entrepreneurship (such as Feng & Ren 2021) or otherwise studying unemploy-
ment in developing countries (such as Feng, Lagakos & Rauch 2018, Poschke 2019).
Closely related is Herreño & Ocampo (2021) who use a model in which households
use self-employment to cope with the risks of wage employment (the same mech-
anism as this paper) to study the macroeconomic effects of microloans and cash
transfers. It is also closely related to other papers that focus on designing optimal
labor market policies in developing countries such as Cirelli, Espino & Sánchez
(2021) and Ndiaye, Herkenhoff, Cisse, Dell’Acqua & Mbaye (2023), which exam-
ine how many of the same features emphasized in this paper impact the design
and funding of unemployment insurance.

The model dynamics in which workers flow freely between self/marginal em-
ployment and labor search before finding a long-term wage job are very similar to
those documented in Donovan, Lu & Schoellman (2023). In a similar vein, Banerjee
et al. (2021) find that skilled workers in developing countries exhibit higher unem-
ployment rates relative to unskilled workers and show that this difference leads to
differences in occupational choice. Porzio, Rossi & Santangelo (2021) use a model
with frictional reallocation of labor from (self-employment dominated) agriculture
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to (wage work dominated) non-agriculture to quantify the importance of human
capital in explaining the process of structural change.

This paper is also closely related to the microeconomic literature on Active La-
bor Market Policies, which are intended to help grow the wage sector. Franklin
(2018) and Abebe et al. (2021a) both evaluate RCTs of search subsidies. De Mel
et al. (2019), Algan et al. (2020), and Alfonsi et al. (2020) all study firm-side inter-
ventions (although the last includes an additional worker-side treatment arm) also
intended to help workers find jobs. McKenzie (2017) provides an excellent review
of this literature.

2. Model
Time is discrete. There is measure one of individuals (workers) and an en-

dogenous number of entrepreneurs. Workers consume, save, and choose between
working in self-employment or participating in the frictional labor market for wage
jobs. Entrepreneurs operate firms, consume profits, and accumulate capital and la-
bor for future periods.

2.1. Search and Matching Technology

The labor market for wage work exhibits typical search-and-matching frictions.
Workers must search for jobs and entrepreneurs must hire by posting vacancies.
The cost of searching for a job and the cost of posting a vacancy are denoted by b

and c respectively. Each period, the number of worker-firm matches (jobs) is given
by a homogeneous of degree 1 matching function m(S, V ) where S is the measure
of individuals searching for a job and V is the number of vacancies posted by
firms. When convenient, θ = V

S
is defined to be labor market tightness so that

p(θ) ≡ m(1
θ
, 1) = m(S,V )

V
is the probability that any vacancy is filled and θp(θ) =

m(S,V )
S

is the probability that any searcher finds a job. Finally, matches between
workers and firms are separated with exogenous probability λ at the end of every
period, representing the idea that worker or firm needs may exogenously change
in a way that causes either to terminate the match.

2.2. Workers

A unit measure of infinitely-lived workers are indexed by their wealth a, their
employment status e, and their self-employment productivity y. Their lifetime
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utility is given by

E0

∞∑
t=0

βt c
1−σ
t

1− σ
(1)

Individuals are endowed with one unit of time each period which they supply
inelastically and indivisibly to either work or search.5

Labor Decisions and Earnings: Any individual can engage in self-employment
and operate a linear-in-labor self-employment technology given by yt = Aslt. By
assumption, self-employment uses only an individual’s own labor and does not
involve hiring workers from outside the household. For simplicity, I normalize As

to unity and assume that a worker’s “effective labor” lt follows Markov process M
so that self-employment earnings are effectively exogenous, given by the process

yt+1 ∼ M(yt) (2)

Instead of engaging in self-employment, an individual can choose to pay the
search cost b and search for a wage job. A searcher earns nothing in the current
period and finds a permanent job with probability θp(θ). After finding a job and
becoming employed, the individual engages in wage work until they are hit by an
exogenous separation shock (in equilibrium, no workers will endogenously quit).
Wages are determined via bargaining (discussed later) and depend on the produc-
tivity of the entrepreneur with whom the individual is matched, given by zt.6

In total, a worker’s earnings are given by

Earningst = (1− et)
(
(1− st)yt − stb

)
+ etwt(zt) (3)

where st ∈ {0, 1} is a choice variable with st = 1 corresponding to the decision to
search in period t and et ∈ {0, 1} is an indicator variable with et = 1 indicating that
the individual is employed in period t.

Budgets: Workers face incomplete markets a la Aiyagari (1994), Bewley (1977),
and Huggett (1993) and accumulate assets for self-insurance. Each period, assets

5Quantitative experiments with allowing workers to choose any mixture of work and search,
rather than being restricted to committing to a single choice for an entire period, suggest that the
optimal policy is fairly close to “bang-bang”, with individuals largely choosing to allocate their
entire time budget to either work or search rather than a mix of the two, for reasonable parameters.
Thus the assumption that time is supplied indivisibly is of little quantitative consequence.

6Section 2.4 shows that the bargained wage depends only on the productivity of the en-
trepreneur and not on other entrepreneur or individual state variables.
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pay an exogenous rate of return r (i.e. this is a small open economy). Individuals
cannot borrow (i.e. at ≥ 0), and their budget constraint is given by

at+1 + ct = (1 + r)at + Earningst (4)

Search: Search is undirected, and every vacancy has an equal probability of
being filled. Conditional on matching with any job, an individual’s probability of
being matched with job that will pay w(z) is denoted H(z;X) (where X is a vector
of aggregate state variables) and is equal to the share of vacancies posted by z-type
entrepreneurs. Note here the implicit restriction that w and H depend only on z

and not on other worker or entrepreneur state variables. This restriction will be
justified in a later section

Separation: Employed workers are separated from their jobs with exogenous
probability λ, representing the idea that worker or firm needs may change over
time, resulting in the termination of matches. Workers can also lose their jobs if the
entrepreneur employing them dies (probability 1−∆, discussed below) or chooses
to downsize its labor force. Under generous parameter conditions (satisfied in
the quantified model and assumed throughout the rest of the paper), it can be
shown that downsizing never occurs in equilibrium. Thus the probability that an
employed worker retains their job at the end of the period is given by (1 − λ̃) =

∆(1− λ).
Bellman Equation: Taking all of the above, the individual’s optimization prob-
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lem can be written recursively as

Vu(a, y;X) = max
c,a′,s∈{0,1}

c1−σ

1− σ
+ β

((
1− sθp(θ)

)
Ey′ [Vu(a

′, y′;X ′)|y]+

sθp(θ)
(
Ez[Ve(a

′, z;X ′)]

)

Ve(a, z;X) = max
c,a′

c1−σ

1− σ
+ β

(
(1− λ̃)Ve(a

′, z;X ′)+

λ̃Ey′ [Vu(a
′, y′;X ′)]

)

s.t. a′ + c =(1 + r)a+ (1− s)y − sb for Vu

a′ + c =(1 + r)a+ w(z) for Ve

X ′ =G(X)

y′ ∼M(y)

z ∼H(z;X)

(5)

where X is a vector of aggregate state variables and G is the perception function for
the evolution of the aggregate state. Vu and Ve denote the value function of the in-
dividual while unemployed and employed respectively. For simplicity, an individ-
ual who moves from employment to unemployment draws their self-employment
productivity y from the stationary distribution of M .

2.3. Worker Behavior

Workers weigh the costs of search, the explicit cost b and the opportunity cost of
forgone self-employment earning, against the benefit of potentially finding high-
paying wage work. This benefit, however, is highly uncertain, particularly if the
probability of finding a job is small as it is in many developing countries. It
has a fairly small chance of yielding a very large benefit (a successful match) but
high probability of yielding no benefit (no match) and leaving the worker sub-
stantial worse off than if they opted for the lower but guaranteed income of self-
employment.

Because workers are risk-averse, face incomplete markets, and have no way
to insure against risk other than self-insurance via asset accumulation, only those
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with enough assets to maintain a reasonable level of consumption in the likely
situation that they fail to find a job will opt for search. Those without much self-
insurance will opt instead for self-employment. For those that search, the search
cost quickly depletes their savings and reduces their self-insurance, eventually
driving them to self-employment until they can re-accumulate assets.

The result is that workers near the threshold of self-insurance spend a few peri-
ods working in self-employment and accumulating assets, then switch to searching
for a wage job for a few periods, and return to self-employment once their savings
have been depleted. The exact cutoff in savings above which households decide to
search depends on their self-employment income yt which is stochastic, leading to
unpredictability in the exact timing of switches.

Figure 1: Worker Self-Employment and Wage Sector Behavior over Time
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Note: This figure plots a simulated individual’s search, wage work, and self-employment behavior
as well as assets over 500 periods. The model used to perform the simulation is based the estimated
model described in Section 4 with some features exaggerated to make the underlying behavior
clearer.

Figure 1 displays an example of this behavior for a single individual simulated
for 500 periods (each period corresponds to a fortnight). The x-axis displays time
while the y-axis displays the individual’s stock of assets. Green points correspond
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to weeks where the individual is engaging in self-employment, red points rep-
resent search, and blue points represent wage work. At the start, the individual
is near the threshold of self-insurance and alternates between working in self-
employment and searching for wage work depending on their particular level of
assets and self-employment productivity. Shortly after period 100, their search is
successful, and they acquire a high-earning wage job and quickly accumulate as-
sets. They eventually separate from their employer but use their stock of assets to
fund extensive search and remain in the wage sector. This behavior continues for
quite some time until approximately week 350 when the individual exhausts their
assets without finding a job and returns to self-employment punctuated by brief
periods of search.

2.4. Entrepreneurs

Entrepreneurs operate wage-sector firms and employ workers. Including en-
trepreneurs as distinct agents instead of an occupational choice for workers (as
in Buera, Kaboski & Shin 2021) reflects the qualitative difference between “sub-
sistence self-employment” and productive entrepreneurship with the potential to
grow and employ many workers (e.g. Schoar 2010), in addition to providing a dra-
matic increase in tractability.

There are N entrepreneurs each of size M
N

born every period, and the model con-
siders the limit N → ∞.7 At the end of a period, entrepreneurs die with probability
∆. Entrepreneurs are born with idiosyncratic ability z drawn from some distribu-
tion with bounded support h(z) and an initial level of financial wealth f (taken to
be exogenous). They discount the future at rate β (the same rate as workers) and
receive lifetime utility from consumption (labeled dt for “dividends”) given by

∞∑
t=0

(β∆)t
d1−σ
t

1− σ
(6)

Each entrepreneur operates a Cobb-Douglas production technology that de-
pends on their ability, rents capital from the international capital market at an ex-
ogenous rental cost (r+ δ), and pays workers wage wt (determined by bargaining)

7The assumption that there are an infinite number of atomic entrepreneurs rather than a mea-
sure of non-atomic entrepreneurs is not typical but eliminates many technical difficulties in the
discussion of wage bargaining. Other than this, there are no substantive differences between the
two assumptions.
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so that period profits are given by

πt(z, kt, nt) = zkα
t n

1−α
t − (r + δ)kt − wtnt (7)

Entrepreneurs face financial frictions and must use their own assets ft as col-
lateral to finance capital which restricts their size despite constant returns to scale.
Their collateral constraint is given by

kt ≤ γft (8)

where γ ≥ 1 is a parameter summarizing the degree of financial market frictions,
with γ = 1 representing the case of full self-financing and γ → ∞ representing no
financial frictions.8

To hire labor and adjust nt, entrepreneurs post vacancies vt. Each vacancy costs
c units of output to post and is filled at the end of the period with probability p(θ).
The evolution of nt is dictated by the equation

nt+1 = (1− λ)nt + p(θ)vt (9)

where λ is the exogenous separation rate. Here, it is worth clarifying that while
individuals face idiosyncratic risk in job finding and separation, entrepreneurs do
not — an entrepreneur with nt workers can ensure a labor force of precisely nt+1

next period by posting nt+1−(1−λ)nt

p(θ)
vacancies.

Entrepreneurs split their profits between consumption, savings (which are used
as collateral tomorrow), and hiring so that their budget constraint is given by

dt + ft+1 = πt(z, kt, nt) + ft − cvt (10)

Wage Bargaining: Each period, entrepreneurs and workers bargain over wages.
Because capital acts as a fixed factor of production within a period (the collateral
constraint always binds in equilibrium), firm output exhibits decreasing returns to
scale in labor. To accommodate this, I follow previous literature (Stole & Zwiebel
1996, Smith 1999, Acemoglu & Hawkins 2014) and model production as a cooper-
ative game between workers and entrepreneurs in which each agent is paid their

8While this constraint is exogenous, it can be thought of as arising from the unenforceability of
contracts or other institutional features that make uncollateralized lending risky and microfounded
as such (see e.g. Buera, Kaboski & Shin 2021).
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Shapley value.9

The entrepreneur enters the game with capital k and workforce n. Any worker
that chooses not to cooperate will engage in self-employment for a period and
then return to the bargaining table in the next period (i.e. the outside option is a
shirking of duties for a period, rather than termination of the match). Defectors
draw their self-employment productivity from the stationary distribution of M ,
but negotiation occurs before these productivity draws are realized so that workers
are treated symmetrically and each earns (in expectation) average self employment
earnings ȳ. If the entrepreneur and x of their n workers choose to cooperate, they
operate the entrepreneur’s production technology, and produce zkαx1−α.

Each agent is paid their Shapley value arising from this game, so that the wage
per worker is given by

w = χzkαn−α + (1− χ)ȳ (11)

where χ is a parameter governing the bargaining power of the entrepreneur rela-
tive to workers.10 This wage determination equation is straightforward; workers
are simply paid some linear combination of the average product of labor and their
outside option ȳ, with the weight determined by bargaining power.

Bellman Equation: Combining equations (6) - (10) and the wage bargaining
equation (11), the entrepreneur’s problem can be written recursively as

V (z, f, n;X) = max
f ′,n′,k,v,d

c1−σ

1− σ
+ β∆V (z, f ′, n′;X)

s.t. d+ f ′ =(1− χ)zkαn1−α − (r + δ)k − (1− χ)ȳn+ f − cv

n′ =(1− λ)n+ p(θ)v (12)

k ≤γf

v ≥0

X ′ =J(X)

where X is a vector of aggregate state variables and J is the entrepreneur’s percep-
tions function for the evolution of the aggregate state. Notably the composition of

9It is worth noting that while I model the production game directly, the microfoundations in
Stole & Zwiebel (1996) contain an error and do not actually justify the use of Shapley values in the
presence of decreasing returns. Brügemann, Gautier & Menzio (2019) note this error and provide
an alternative bargaining protocol that correctly microfounds the Shapley values.

10At a technical level, the game is between an atomistic entrepreneur and a continuum of workers
so that the parameter χ is the relative size of the atomistic entrepreneur.
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the entrepreneur’s work force does not need to be tracked as a state variable due
to the fact that bargained wages depend only on z. The full definition of recursive
competitive equilibrium is relegated to the appendix.

2.5. Entrepreneur Behavior

While the entrepreneur’s problem is complex, it results in fairly simple steady-
state behavior (largely due to the fact that an entrepreneur’s cost structure is en-
tirely linear) which is summarized in Proposition 1 below.

Proposition 1 Consider the entrepreneur’s problem (12) in steady-state recursive com-
petitive equilibrium, and let θ̄ denote the steady-state value of labor market tightness.

Then the entrepreneur’s optimal policy functions for capital k∗, next period savings
f ′∗), and next period labor n′∗ satisfy

k∗ = γf (13)

f ′∗ = g(z, θ̄)f (14)
γf ′∗

n′∗ = η(z, θ̄) (15)

where g and η depend only on an entrepreneur’s productivity z and steady-state tightness
θ̄. In particular, they do not depend on firm size through either f or n.

Proof: Refer to Appendix B.

In essence, Proposition 1 says that entrepreneurs pick constant capital-labor ra-
tios (η) and growth rates (g) that do not change over the course of the entrepreneur’s
life. An entrepreneur is born, observes their productivity z and labor market con-
ditions θ̄, chooses a capital-labor ratio and a growth rate, and sticks to those for
their entire life. Together, the two functions η and g are sufficient to fully charac-
terize entrepreneur behavior in steady-state.

In addition to lending conceptual clarity, these results are important in keeping
the model tractable. Although the bargained wage w(z) could depend in gen-
eral on all entrepreneur and worker state variables, combining the wage bargain-
ing equation (11) with the unchanging capital-labor ratio (15) which depends only
on entrepreneur productivity z yields the result that wages also depend solely on
z. Consequently, equilibrium can be computed by solving for a one-dimensional
wage function, rather than a four- or five- dimensional one.

To facilitate discussion of efficiency and optimal policy, it will be useful to note
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a couple properties of η and g. In particular, we have that

dη̂

dθ̄
> 0 (16)

dĝ

dθ̄
< 0 (17)

The first inequality (dη̂
dθ̄

> 0) says that capital-labor ratios are increasing in labor
market tightness — a tighter labor market raises hiring costs and increases the
price of labor relative to capital and, as a result, entrepreneurs opt to tilt their
input mix more towards capital. The second (dĝ

dθ̄
< 0) tells us that growth rates are

decreasing in tightness — paying more for hiring diverts income that otherwise
would have been saved and used to finance expansion, capturing the idea that
poor labor market conditions may serve as an impediment to firm growth.

3. Efficiency and Optimal Policy
As in many models of frictional search, there is a tension between the private

benefit of search that accrues to an individual worker and the public/social benefit
of search. This tension stems from a disconnect between the number of jobs that
workers perceive as being created by their decision to search and the number of
jobs that are actually created.

Short-run Job Creation: From a worker’s perspective, the expected number of
jobs created in the short-run by a period of search is θp(θ) — the probability of
finding one job in one period of search. In reality, however, total job creation dif-
fers from the worker’s perception, and a hypothetical social planner would value
search differently. The marginal searcher generates ∂m

∂S
new matches/jobs directly,

and this can be reexpressed as εm,Sθp(θ) where εm,S is the elasticity of the matching
function with respect to the number of searchers.11 Noting that εm,S is typically less
than one by assumption, this suggests that workers perceive their direct impact on
job creation (θp(θ) new jobs) to be larger than it is in reality (εm,Sθp(θ) new jobs), a
common effect in frictional search models.

There is, however, an additional channel through which searchers create jobs in
the short-run. An additional searcher loosens the labor market and lowers hiring
costs and, as a result, firms respond in equilibrium by posting additional vacancies

11Although this elasticity is not necessarily constant and, in general, depends on the number of
searchers and vacancies, treating it as a constant parameter here facilitates discussion without loss
of generality.

16



(recall equation 16). These vacancies also generate matches. Thus the marginal
searcher creates jobs both directly, as above, but also indirectly due to these firm
responses. Slightly abusing notation to let d log V

d logS
represent ”the percent change

in aggregate equilibrium vacancy postings in response to a one percent increase
in the aggregate number of searchers”, we differentiate the total number of jobs
created each period m(S, V (S)) by S to obtain the total short-run job creation by
the marginal searcher

dm(S, V (S))

S︸ ︷︷ ︸
Short-run Job Creation

= θp(θ)
(
εm,S︸︷︷︸
Direct

+(1− εm,S)
d log V

d logS︸ ︷︷ ︸
Indirect

)
(18)

where I have made use of the fact that ∂ logm
∂ log V

= 1− εm,S due to constant returns to
scale.

This expression for job creation makes it clear that the aggregate response of va-
cancies V to an additional searcher plays a central role in governing the extent to
which workers overestimate the amount of jobs created by their search. Consider,
for example, the case of no collateral constraints, γ → ∞, which corresponds to
a typical free-entry-of-firms assumption. In this case, d log V

d logS
is equal to one as free

entry pins down the value of θ. Then total job creation of the marginal searcher
is equal to θp(θ), just as workers believe, and there is no misperception at all.
Conversely, the difference between workers’ perceptions and truth is maximized
when d log V

d logS
is zero. This result suggests that the magnitude of firms’ responses to

searchers plays a key quantitative role in determining optimal policy, and I return
to this fact in Section 4.

Long-run Job Creation: In addition to disagreement about how many jobs are
created by search in the short-run, a worker and a hypothetical social planner also
disagree on long-run job creation. From the worker’s perspective, searching and
successfully finding a job today “generates” (1 − λ̃) jobs (on average) tomorrow
— the probability that the worker is not hit with a separation shock and continues
their employment. More generally, finding a job in period t generates (1− λ̃)τ jobs
in period t+ τ .

In reality, however, a new job generated by a searcher today leads to more
than (1 − λ̃)τ jobs τ periods in the future. This fact arises from the presence of
entrepreneur collateral constraints — an employed worker today leads to more
employment tomorrow not only through the continuation of their own job, but
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also because some of the output produced by the worker is captured by the en-
trepreneur (via bargaining) and can be used to fund firm expansion, including
hiring. In particular, combining equations (14) and (15) from Proposition 1 yields
a firm-level employment evolution equation of

n′∗ = g(z; θ̄)n (19)

which suggests that one additional employee (n) today will lead to g additional
employees tomorrow. Adjusting for the firm survival probability (∆), we see that
a new job at a z-type firm in period t generates

(
∆g(z; θ̄)

)τ jobs in period t+ τ .

3.1. The Constrained Planner’s Problem

Formalizing the intuition above requires defining a social planner’s problem in
order to make these externalities/disagreements explicit, but it is not immediately
clear what the appropriate problem is. As in much of the search literature, the
problem of an all-powerful planner free from any financial constraints or labor
market frictions is uninteresting (except perhaps as a benchmark); this planner
would simply allocate all labor and capital to the most productive entrepreneur
and divide output in a way that equalizes marginal utility across all households
and entrepreneurs, which teaches us nothing about search externalities.

Instead, I consider the problem of a government agency or ministry tasked with
the goal of improving worker welfare by implementing labor market policy.12 Im-
portantly, this means that the planner can implement neither firm-side policy (i.e.
forcing firms to hire or fire workers) nor financial policies (i.e. adjusting worker
or firm financial constraints to allow better risk-sharing or access to credit). This
policy-motivated assumption is driven by practical concerns — this is the type of
problem that a ministry/department of labor would solve and serves as a natural
benchmark against which to judge labor market policies.

Formally, this amounts to a constrained social planner’s problem. As in stan-
dard search models, the planner cannot overcome search frictions and must respect
the search-and-matching technology. Further, the assumption that the planner can-
not complete financial markets is encoded in a constraint requiring them to re-
spect workers’ and entrepreneurs’ individual borrowing/collateral constraints (as
in Davila et al. 2012). Finally, I require that the planner’s decisions for entrepreneur

12Introducing positive weight on entrepreneur welfare can be done, as I show in Appendix C.2,
but adds very little additional insight.
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vacancy postings, savings, and consumption be consistent with entrepreneur opti-
mality, essentially removing the planner’s ability to dictate firm policy. In addition
to the practical concerns outlined above, this assumption acts to tie the planner’s
hands in a way that prevents them from improving outcomes simply by reducing
aggregate misallocation. If the planner had the ability to dictate vacancy postings,
for example, they could force unproductive entrepreneurs to post no vacancies
and allocate employment to only the most productive entrepreneurs. This is an
improvement, to be sure, but not one that stems from improving search decisions
and thus not part of the underlying intuition we wish to encode in the planner’s
problem.

Allocations satisfying these constraints make up the set of feasible allocations
for the planner, leading to the following definition:

Definition: A path of household policy functions
{
ct(a, y, z), a

′
t(a, y, z), st(a, y, z)

}∞
t=0

,
entrepreneur policy functions

{
gt(z), ηt(z)

}∞
t=0

, distributions of households across
savings and matched-employer productivities

{
mt(a, z)

}∞
t=1

, and labor market tight-
nesses

{
θt
}∞
t=0

is feasible given an initial distribution m0(a, z) and market tightness
θ−1 if

1. It respects the household budget constraint for all a, y, z

a′t + ct = Ra+ wt(zt, θt) ∀a, y, t when z ≥ 0

a′t + ct = Ra+ (1− st)y + stb ∀a, y, t when z = 0 (20)

a′t ≥ 0

2. It respects the labor market matching technology

v(mt, ηt, ηt+1, gt)

θt
=

∫ ∫
st(a, 0)mt(a, 0)j(y)dyda (21)

mt+1(a
′, z) = (1− λ̃)mt(a, z) +H(z,mt, ηt, ηt+1, gt)p(θt)v(mt, ηt, ηt+1, gt)

where v is the total number of posted vacancies as a function of entrepreneur
policy functions, and H is the probability that an individual who finds a job
is matched with a firm of productivity level z.13

3. The entrepreneur policy functions
{
gt(z), ηt(z)

}∞
t=0

solve the entrepreneurs’

13Both v and H are formally defined in Appendix C.
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problem (Appendix equation 31), conditional on θ−1 and
{
θt
}∞
t=0

.

The task of the social planner is to maximize average worker welfare subject to
these feasibility conditions. Formalizing the statement of this problem is straight-
forward but cumbersome and is relegated to Appendix C.

There are two details worth noting. The first is that this definition of the plan-
ner’s problem implicitly imposes the assumption that there is no autocorrelation
in individuals’ self-employment productivity y (i.e. the distributions mt are only
defined over (a, z)). This simplification substantially reduces notation, improves
readability, and does not change any of the underlying results or economics; I
maintain it throughout the rest of the paper. The second is that the planner’s prob-
lem features full commitment (they choose the entire sequence{θt}∞t=0 simultane-
ously) abstracting from any potential complications of dynamic games between
the planner and model agents.

3.2. Privately- vs Socially- Optimal Search Decision Rules

With the planner’s problem specified, Proposition 2 formalizes the externali-
ties that were discussed above by characterizing both the privately optimal search
decision rule (Individual) and the planner’s socially optimal search decision rule
(Planner). Differences between the two represent search externalities that are not
internalized by workers in competitive equilibrium. For clarity, I make the simpli-
fying assumption that σ → 0 (i.e. linear utility). This assumption is not necessary,
and Appendix C provides the statement of the proposition valid for any (time-
separable) utility function.14

Proposition 2 Under the assumption that σ → 0, the optimal steady-state search policies
s(y) of an individual and the constrained social planner depend only on an individual’s
self-employment productivity and are to search if and only if self-employment productivity
y falls below the thresholds sc and sp (respectively) which are characterized by the following

14The general statement is not substantively different from the statement in Proposition 2 in the
sense that the planner’s optimal search decision rule differs from the individual’s in the same ways.
However, the assumption of linear utility substantially improves the readability of equations (22)-
(24).
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equations:

Individual: sc + b = θ̄p(θ̄)

∫
z

βE(z, sc)

1− β(1− λ̃)
H̄(z)dz (22)

Planner: sp + b = θ̄p(θ̄)

∫
z

βE(z, sp)

1− β∆g(z, θ̄)︸ ︷︷ ︸
Firm Size

H̄(z)− (1− εm,S)

1 +
∫

∂ log v∗

∂ logS
dz

λ̄(z)︸ ︷︷ ︸
Crowd Out

H̄(z)dz+

(23)

+
1

1 +
∫

∂ log v∗

∂ logS
dz

(
S̄θ̄p(θ̄)

∫
z

λ̄(z)
∂H

∂g

∂g

∂S
dz︸ ︷︷ ︸

Allocative Efficiency

+

∫
z

∂w

∂η

∂η

∂S
m̄(z)dz︸ ︷︷ ︸

Monopolist

+Anticipation Term
)

E(z, s) = w(z)−
( ∫

y>s

yj(y)dy + J(s)(s− b)
)

(24)

where E(z, s) represents the excess value (over self-employment) generated by a job at a z-
type firm, j and J are the PDF and CDF of the distribution of y respectively, and λ(z) is the
planner’s Lagrange multiplier denoting the marginal value of an additional worker being
matched with a productivity z entrepreneur. The anticipation term is described further in
the appendix.

The privately optimal search rule is fairly straightforward. Workers weigh the
opportunity-cost-inclusive cost of search (y + b) against its expected benefit. This
expected benefit is given by the probability of getting a job next period θ̄p(θ̄) mul-
tiplied by per-period excess earnings while employed E and then discounted ac-
cording to the expected job duration. The level of income at which workers are
indifferent between searching or not, sc, occurs when these two values are equal.
Workers below this level will search, while workers above this level will engage in
self-employment.

Search Externalities: Relative to the privately-optimal rule, the planner’s socially-
optimal rule differs in four ways that are highlighted and labeled in equation (23),
and I discuss each in turn.

First, the “Firm Size” term captures the disagreement between workers and the
planner over long-run job creation discussed via equation (19) above. Although
workers only internalize the fact that employment today increases their own em-
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ployment prospects in the future (by (1 − λ̃)τ for period t + τ ), the planner rec-
ognizes that entrepreneurs capture some portion of the income generated by em-
ployment today and use this to fund future growth and hiring. The planner values
these additional jobs, which amounts to increasing the discount rate used for ex-
cess earnings by ∆g(z, θ̄) − (1 − λ̃), the amount of future employment generated
by a worker each period in excess of their own continuation probability.

The “Crowd Out” term captures the disagreement over short-run job creation
discussed and summarized in equation (18). Although the worker believes that
a period of search creates θ̄p(θ̄) jobs, the planner adjusts this number downwards
according to equation (18).15 Because the marginal searcher creates fewer than
θ̄p(θ̄) jobs, they lower the overall job finding probability. Thus, an alternative and
equally valid interpretation of this term is that it arises from the planner internal-
izing the overall decline in the job finding probability induced by the marginal
searcher. This can be seen directly by noting that (1 − εm,S) is a function of ∂θp(θ)

∂S
,

the change in the overall job finding probability due to the marginal searcher.
Interestingly, a third term, “Allocative Efficiency”, related to long-run job cre-

ation also appears. While the Firm Size effect accounts for the fact that a portion
of the output generated by a job is used to finance hiring in the next period and in-
creases the level of employment, it turns out that there is also a compositional effect.
An additional searcher puts downward pressure on labor market tightness and
lowers hiring costs, increasing firm growth rates. However, because more produc-
tive firms wish to grow faster and thus are more constrained by hiring costs, this
to leads a larger increase in growth and employment among high-productivity
firms compared to low-productivity firms, increasing productive firms’ share of
resources and improving allocative efficiency. From the planner’s perspective, this
results in higher worker welfare by increasing the probability that workers match
with highly productive firms that pay higher wages (∂H

∂g
).

The final term, “Monopolist”, is a technical externality rather than an economic
one. Due to the assumption that the planner values only worker welfare, the plan-

15The exact equivalence is clear when noting that the aggregate elasticity in equation (18), d log V
d logS ,

is related to the individual elasticity in equation (23), ∂ log v∗

∂ logS , via d log V
d logS =

∂ log v∗
∂ log S

1+ ∂ log v∗
∂ log S

. This expression

can be obtained by differentiating the equilibrium condition V =
∫
v∗(z, S, V )dz with respect to

S and recognizing that constant returns to scale of the matching function imply that ∂ log v∗

∂ log V =

−∂ log v∗

∂ logS .
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ner has an additional incentive to act as a monopolist on behalf of workers.16 Here,
it takes the form of limiting search in order to push up the capital-labor ratio and,
consequently, wages (∂w

∂η
∂η
∂S

). Fortunately, this technical externality ends up being
quantitatively small in the estimated model and contributes little to the optimal
policy.

Before moving on, it is worth briefly discussing how these externalities, the
Crowd Out effect in particular, compare to the externalities in textbook search
models. Crowd Out is conceptually very similar to a traditional congestion ex-
ternality — one worker’s search lowers others’ chances of finding work — but the
size of Crowd Out depends on both the match elasticity εm,S and firms’ response
to additional search

∫
∂ log v∗

∂ logS
dz while traditional congestion depends only on the

former (see e.g. equation 14 in Hosios 1990). At first glance, this difference is
puzzling. Firms also post vacancies in response to additional search in standard
models, so why does such a term appear here and not there?

The key difference lies in the policy-motivated assumption that the planner
cares only about worker welfare and is constrained in a way that prevents them
from controlling the decisions of firms. In traditional search models, where such
a constraint does not exist, the planner can dictate search and vacancy posting de-
cisions separately (or, in the decentralized case, set tax rates to determine these
separately). This planner does not need to consider vacancies when determining
the optimal level of search because they possess an additional tool to ensure that
the marginal vacancy is efficient. In contrast, the constrained planner here does
not possess this tool and must consider search and vacancies jointly. Appendix
Section C.3 develops this logic further and shows how modifying the constraints
faced by the planner can recover the traditional Hosios condition.

3.3. Implementing the Planner’s Allocation

The problem of selecting the welfare maximizing path subject to feasibility con-
ditions is similar to other Ramsey-type problems often found in the literature deal-
ing with welfare and efficiency in heterogeneous agent models (e.g. Davila et al.
2012, Itskhoki & Moll 2019, Dávila & Schaab 2023). Like all Ramsey problems, the
planner’s allocation can be decentralized and implemented in competitive equilib-
rium using a sufficiently rich set of tax and subsidy instruments.

16This type of externality is common in models that treat workers and entrepreneurs as distinct
agents with distinct utility functions (see e.g. Itskhoki & Moll 2019).
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Implementing the planner’s allocation in this way, however, turns out not to be
feasible in practice. Proposition 2 seems to suggest straightforward implementa-
tion — a subsidy or tax that aligns the competitive search cutoff sc with the plan-
ner’s search cutoff sp should be sufficient. While this does succeed in aligning
workers’ search decisions with those of the planner, the subsidy also alters work-
ers’ budget constraints and, as a consequence, the resulting allocation violates the
planner’s constraint in condition (20). By definition, such an allocation cannot
solve the planner’s problem. Instead, a complex set of state-contingent lump-sum
transfers, well beyond the capabilities of any developing country government, is
needed to restore feasibility.

To address this, the quantitative analysis below focuses instead on computing
optimal subsidy/tax rates on search and self-employment, absent any lump-sum
transfers. In order to minimize the impact of eliminating such transfers, the rates
are chosen to achieve budget balance (in addition to maximizing welfare) — if the
optimal level of search is higher than competitive equilibrium, this is implemented
by subsidizing search and taxing self-employment (i.e. the non-search option) in
such a way that results in zero net revenue, thus minimizing the impact of the pol-
icy on budgets. Fortunately, this change (which is more technical than economic) is
of little consequence, and, as I show in Section 5, this restriction changes the results
by a negligible amount.

4. Model Estimation
Neither the positive (Firm Size, Allocative Efficiency) nor the negative (Crowd

Out) externalities of the previous section can be shown to dominate in general.
Consequently, determining the optimal policy — whether search should be sub-
sidized or taxed — is a quantitative question that requires bringing the model to
data. This, in turn, requires narrowing our focus to a particular labor market, as
many model parameters are likely to vary from country to country and even from
city to city. To this end, I opt to estimate the model to match the labor market of
Addis Ababa, Ethiopia, largely because a useful experiment for model estimation
happened to be conducted there.

I divide model parameters into two categories. The first are parameters that
can be computed directly from data (such as collateral requirement γ) or set to
standard values (such as the discount rate β). The second are parameters that are
more difficult to measure directly (such as the search cost b). These parameters
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are estimated using the simulated method of moments (SMM) to match data mo-
ments from the aforementioned experiment, as well as some aggregate moments.
Before going into the details of the SMM estimation, it is worth briefly discussing
a handful of the key parameters that are directly estimated and whose values are
important.17

4.1. Key Directly Estimated Parameters

Importantly, the rate of return on individuals’ savings R is taken to be less than
unity with an annual value of 0.9 (chosen to roughly match the Ethiopian inflation
rate, suggesting that individuals’ savings a are best thought of as cash). Because
the model is estimated at a fortnightly frequency, this corresponds to a value of
0.9

1
26 . The assumption that the return to savings is less than one, and thus that

saving is costly, is typical in models of developing countries (see e.g. Donovan
2021, Fujimoto, Lagakos & VanVuren 2023). Here, this assumption is important
as the difficulty of maintaining a cushion of savings is an oft-cited justification for
search subsidies.

For similar reasons, the income process of the self-employed is also important.
This is measured directly using fortnightly data on workers and job seekers col-
lected by Abebe et al. (2021a) as part of an experiment in Addis Ababa (details
below). In the context of Addis, the majority of the variation in earnings (among
those without a permanent job) comes from whether an individual is currently
working a temporary, gig-style job or not. Consequently, self-employment produc-
tivity is modeled as a binary Markov process (with the high state corresponding
to “working” and the low state to “not working”) whose transition matrix can be
estimated directly (the probability of remaining in one’s current state is roughly 89
percent for both high and low states). The ratio of earnings between the high and
low state can also be measured directly and is set to 2.63. Thus, the model closely
matches observed volatility in self-employment earnings.

The matching function is chosen to be a simple urn-ball matching function so
p(θ) = 1−e−ζθ

θ
, with an efficiency parameter of ζ that can be adjusted to target any

elasticity εm,S = −d log p
d log θ

in the model steady-state.18 Absent detailed estimates

17Although not all parameters are discussed here, Appendix D and, in particular, Appendix Table
D.1 provide an exhaustive list of these parameters, their values, and some further discussion.

18The choice of functional form is unimportant beyond the fact that it includes a free parameter
that can be used to target the desired elasticity for p. A functional form exhibiting a constant elas-
ticity, such as Cobb-Douglas, would be ideal, but the use of discrete time limits sensible choices for
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of this elasticity in the context of Addis Ababa and lacking the necessary data to
estimate it, I choose ζ to generate an elasticity εm,S of 0.3. This is a fairly typical
value and is roughly in line with the estimates of Hall & Schulhofer-Wohl (2018)
for the United States (quantitative experiments in Section 5 below show that this
choice ends up having little consequence for optimal policy).

Finally, many of the entrepreneurs’ parameters can be estimated using data
from the World Bank. MIX Market data contains financial information on microcre-
dit providers in Ethiopia and suggests a rough average yield of 25 percent which,
combined with an 8 percent depreciation rate, suggests a user cost of capital equal
to 33 percent annually.19 The average collateral requirement in Addis Ababa (com-
puted using the World Bank Enterprise Survey for Ethiopia in 2015) is 350 percent
— a firm that owned 350,000 Birr of capital could finance a 100,000 Birr loan —
suggesting a value of 1.29 (1 + 1

3.5
) for the collateral parameter γ. Finally, fitting a

geometric distribution to the firm age distribution via maximum likelihood yields
an annual entrepreneur death probability (1−∆) of 0.08.

4.2. Parameters Estimated using the Simulated Method of Moments

Table 1: Parameter Estimates from Simulated Method of Moments

Parameter Estimate Corresponding Moment

σ 3.6 % wage work

λ 0.05 Unemployment rate

χ 0.50 Wage sector premium

b 0.06 % of expenditure on search

Mf .002 Control wage employment after 16 weeks

c 0.48 Cost to hire as % of wage

z̄ 0.39 Avg. growth rate

Note: This table displays the parameters estimated using simulated method of moments, their
estimates, and the moment that corresponds most closely to each parameter. See discussion for
details and intuition on these correspondences.

There are seven parameters estimated using the simulated method of moments
to match seven data moments. Table 1 lists these parameters and their estimated

p to those that lead both p(θ) and θp(θ) to be bounded between zero and one.
19Loan loss rates in Ethiopia are negligible for the purposes of this calculation.

26



Table 2: Moments Targeted using the Simulated Method of Moments

Moment Source Data Model

% wage work LSMS 30% 29%

Unemployment rate LSMS 10% 13%

Wage sector premium LSMS 39% 39%

% of expenditure on search Abebe et al. (2021a) 15% 16%

Control wage emp. after 16 weeks Abebe et al. (2021a) 12% 11%

Cost to hire as % of wage Abebe et al. (2017) 120% 120%

Avg. growth rate World Bank ES 4.4% 4.4%

Note: This table displays the moments targeted in the simulated method of moments estimation,
their source, and their values in both the data and model. See the discussion for details.

values while Table 2 lists the targeted moments and their values in both the data
and the model. The parameters fall into two rough categories — those correspond-
ing closely to worker-level moments (above the dividing line in Tables 1 and 2) and
those corresponding closely to firm-level moments (below the line).

Worker moments: The data for the worker-level moments come from two sources.
The proportion of individuals engaged in wage work and the aggregate unemploy-
ment rate are measured using the 2018-2019 wave of the Ethiopia Living Standard
and Measurement Survey (LSMS), limited to individuals in Addis Ababa.20 The
wage sector premium is estimated on the same data by including a dummy vari-
able indicating whether an individual is employed in a permanent wage job (vs
self-employment or temporary work) in an otherwise standard Mincer regression
of (log) earnings on age, as well as some controls (rural/urban, region, and sector
fixed effects).21

20While the other data sources used in estimation are from 2014-2015, the 2018 wave of the
Ethiopia LSMS was the first wave capable of providing representative estimates for Addis Ababa
(previous waves were not representative at a sub-national level). For this reason, I opt to use the
data from 2018 rather than the 2015 wave, which would otherwise be more temporally consistent
with the other datasets.

21The Ethiopian Productive Safety Net Programme (PSNP), a relatively new (circa 2018) “work-
fare” program administered by the Government of Ethiopia, presents a potential complication. The
program provides temporary employment and was present in some regions of Addis Ababa dur-
ing the 2018 LSMS survey. It is unclear whether earnings from the PSNP should be included in
estimation. Fortunately, dropping individuals employed by the PSNP from the analysis changes
the estimated wage premium by less than one percentage point, rendering the issue quantitatively
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The two remaining household moments come from the aforementioned data on
job seekers from Abebe et al. (2021a). The first is average expenditure on job search
(for weeks in which an individual searches) as a percentage of total expenditure.
This is calculated directly via survey responses (i.e. individuals are asked directly
how much they spent on search and in total). The second, labeled “control wage
emp. after 16 weeks”, reflects the proportion of individuals in the experimental
control group with permanent employment 16 weeks after baseline. Although I
discuss the experiment in more detail in the next subsection, it is important to
note here that only data from the experimental control group is used in model
estimation, while data from the treatment group is reserved for model validation.

Together, these five moments pin down the five parameters above the dividing
line in Table 1. The risk aversion parameter σ and the job separation rate λ are
disciplined (mostly) by the size of the wage sector and the unemployment rate.
While the link between the separation rate and the unemployment rate is clear,
the link between risk aversion and the size of the wage sector arises from the fact
that, for the worker, search is the higher-risk, higher-return option (relative to self-
employment). Thus individuals’ risk tolerance ends up being a primary determi-
nant of the level of search and, consequently, the size of the wage sector.

The earnings premium in the wage sector naturally pins down the bargaining
power parameter, as a higher value (more bargaining power for workers) shifts
the bargained wage towards the average product of labor and away from the out-
side option. The percent of total expenditure that goes towards search costs almost
mechanically pins down the goods cost of search. The final moment, the employ-
ment rate of control group job seekers after 16 weeks, conceptually pins down
the (weekly) job-finding rate. The parameter most directly linked to this equilib-
rium object is the initial size of a newborn entrepreneur (given by Mf , which are
not separately identified) which determines the “size” of entrepreneurs relative to
workers — if entrepreneurs are larger, they will post more vacancies, leading to
higher job-finding rates.

Firm moments: The remaining parameters — the vacancy posting cost c and
the distribution of firm productivity — are estimated to match firm-level moments.
Abebe et al. (2017) survey firms in Addis about hiring practices and find that the
average cost to a firm of making one additional hire is equal to 120 percent of the
average wage. This moment directly pins down the vacancy posting cost. For the

moot. I default to including all earnings from temporary employment.
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distribution of firm productivity, I choose an upper-truncated Pareto distribution
with a tail parameter of unity (Zipf’s law; note that upper-truncation ensures that
the mean and variance of productivity remain finite). The truncation point z̄ is
disciplined by the average (self-reported) annual growth rate for firms in the En-
terprise Survey — a higher z̄ directly corresponds to a higher average growth rate
due to the fact that more productive firms grow faster.

4.3. Model Validation and the Experiment of Abebe et al. (2021a)

One possibility, absent from discussion so far, is that the intuition embedded
in the model that credit constraints are a substantial driver of low levels of search
is simply not true. If this were the case, it would be difficult to put any stock in
the model’s conclusions for optimal policy. To address this and test whether the
model can explain observed search behavior, I replicate an experiment performed
by Abebe et al. (2021a) in the model and perform model validation by compar-
ing the model outcomes to the experimentally estimated outcomes. As mentioned
above, it is important to note that while control outcomes from the experiment are
used during model estimation, treatment outcomes and data are not. Thus com-
paring the model’s predicted treatment effects to those estimated in the experiment
represents a valid “out-of-sample” test of the model.

This experiment took place in 2014-2015 and evaluated the effects of providing
a cash subsidy covering some of the costs of job search to prospective searchers
in Addis Ababa, Ethiopia. In the context of Addis Ababa, the majority of job
search takes place in person in the city center. Thus the cost of travel (typically
by minibus) to the city center represents a large and salient cost of job search.

The experiment sampled young individuals who “(i) were between 18 and 29
years of age; (ii) had completed high school; (iii) were available to start working in
the next three months; and (iv) were not currently working in a permanent job or
enrolled in full time education.” (Abebe et al. 2021a) and randomly offered some
individuals cash that could be collected in person at the city center up to three
times each week. While not literally a job search subsidy as individuals could
theoretically travel to the city center, collect the cash, and leave without searching,
doing so would be ineffective as the cost of the subsidy was not large enough to
cover the full round-trip journey.22 Thus collecting the cash only makes sense if the

22In fact, the authors ensure this by varying the subsidy offered to each individual based on the
location, and thus minibus ticket cost, of the individual’s home. However, I abstract from this
heterogeneity and model the subsidy as uniform at the median value of subsidy offered.

29



individual intended to travel to the city center for other purposes (presumably job
search). The cash was available for 16 weeks after which treated individuals were
3.4 percentage points (p<0.1) more likely to be employed in a permanent job.

One potential concern with using this experimental sample for model estima-
tion is that it may not be representative of the broader labor market. In particu-
lar, if the sampling rules were designed to select marginal individuals who have
the toughest time finding jobs and, presumably, the lowest return to wage work,
one might expect that estimating the model based on these individuals, without
adjusting for these sampling rules, would substantially understate the return to
search. To determine whether this is an issue, I construct a representative sample
of searchers in Addis Ababa using the 2018 LSMS (described above) and compare
this to the experimental sample.

Appendix Table A.1 makes this comparison. At least in terms of basic observ-
ables, the experimental and representative samples appear similar. Individuals
with less than a secondary education are the major exception — by construction
there is no one without a secondary education in the experimental sample, but they
make up 28 percent of the representative sample. Beyond this, the representative
sample is slightly older (28 vs 23 years) and both samples possess a similar mix of
secondary- and post-secondary-educated and similar male-female splits. We can
go even further and leverage the fact that the gaps between LSMS waves (2018
to 2021) and between the experimental baseline and endline (2015 to 2018) both
happen to be three years. This allows us to measure employment and earnings
after three years in both samples. The samples also look similar on this front, with
54 percent of searchers reporting some form of employment three years later in
both the experimental and representative samples. Conditional on employment,
monthly earnings in the representative sample are slightly higher ( 2300 vs 1800
Birr) but are measured noisily, and I am unable to reject the possibility that earn-
ings are identical across the two samples. Overall, the experimental sample ap-
pears to be a fairly representative sample of searchers. To the extent that there are
differences (i.e. fewer searchers with less than a secondary education in the exper-
imental sample), these differences suggest that the experiment overstates, rather
than understates, the returns to search.

Replicating the Experiment: To replicate the experiment in the model, I select
a representative but small (measure zero) subset of individuals not employed in
the wage sector from the steady-state distribution of individuals. In this sense,
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the outcomes of sampled individuals do not affect equilibrium outcomes, and the
experiment happens in “partial equilibrium”. The sample is divided equally into
treatment and control groups, and the cost of search parameter b is reduced by
two-thirds (the median subsidy offered in the experiment) for the treatment group
for 16 periods.

Experimental outcomes can then be observed by simulating the behavior of the
treatment and control groups forward over time, and comparisons of means be-
tween the two groups correspond to Average Treatment Effects estimated by the
experiment. For treatment households, I treat the experiment as an unanticipated
MIT shock; households do not know ahead of time that they have been selected
for treatment and cannot alter their behavior in response to such information (and
are also fully aware that it will end after 16 periods). Thus differences between
treatment and control groups before the treatment occurs are zero by construction.

Model vs Data: Figure 2 compares the model’s predictions for the increase in
search behavior as a result of the subsidy to those observed in the data. The solid
orange line depicts model predictions and the dotted red line depicts the experi-
mentally estimated effects along with the associated 95 percent confidence interval.
The model aligns with the experiment remarkably well. During the treatment pe-
riod (between 0 and 16 weeks since treatment), treated individuals were roughly
5 percentage points more likely to search, a fact which is replicated in the model.
There is a small decline in the point estimates in the last few weeks of treatment
that is not quantitatively replicated by the model, but this is statistically insignif-
icant, and the model continues to fall within the estimated 95 percent confidence
interval.

The model also qualitatively replicates the fact that effects seem to persist for
some weeks after treatment is ended, although the experimental point estimates
here are noisy. The model’s predictions are quantitatively smaller than these point
estimates, but are well within the 95 percent confidence interval. One explanation
for the model’s underprediction of persistence is that the increase in search results
in some sort of learning or habit formation, leading treated individuals to search
more often even after the end of treatment, that is not captured in the model.

Even if the model accurately matches the increase in search behavior due to
treatment, it may not match the increase in wage employment if, for example,
search within a short time period exhibits substantial diminishing returns (i.e. job
seekers first go after opportunities they judge most promising). Reflecting the im-
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Figure 2: Treatment Effect on Search Behavior over Time: Data and Model
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This figure displays the treatment effect on search behavior as a function of ”weeks since treatment”
in both the data and estimated model.
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plicit assumption of constant returns, the model predicts a roughly 5 percentage
point higher probability of being employed after 16 weeks, the same as the increase
in search behavior. The experimental equivalent is 3.4 percentage points (90 per-
cent confidence interval: 0.3 to 6.3). This is slightly lower, but the model is still
reasonably accurate, and the 90 percent confidence interval does not rule out the
assumption of constant returns.

I interpret the success of the model in predicting the response of worker search
behavior to a search subsidy as evidence supporting (or, at least, failing to reject)
the core idea that credit constraints are a substantial driver of search behavior.

5. Efficient Policy in the Estimated Model
With the estimated model in hand, we can now quantify the optimal feasible

policy and investigate the relative sizes and contributions of the various external-
ities laid out in Section 3. The simplest way to accomplish this is to directly solve
for the optimal tax/subsidy rates on search and self-employment, compute the re-
sulting welfare gains, and then decompose the total impact of the policy across the
various channels. Here it is important to note that while equations (22) – (24) in
Proposition 2 were expressed under the simplification of linear utility (for clarity),
the results in this section are computed using the estimated model which exhibits
substantial curvature (σ = 3.6).

Table 3 reports the tax rates of the optimal policy (which, recall, consists of taxes
on search and self-employment earnings subject to a balanced-budget constraint)
as well as the impact of the policy on welfare and the size of the wage sector.
Although there is some minor variation along the transition path after the policy
is implemented, these rates correspond to the eventual rates in the post-policy
steady-state.

The most surprising result is that the optimal tax rate on search is positive and
large, increasing the cost of search by 50 percent of average self-employment earn-
ings. In other words, the competitive equilibrium exhibits too much search, and
the planner finds it necessary to discourage this through a tax. At least from the
perspective of the model, the Crowd Out externality dominates, and more barriers
to search need to be erected. The positive tax rate on search is mirrored by the
negative tax rate on self-employment earnings (i.e. a subsidy) to comply with the
balanced-budget constraint. This subsidy is moderate in size at about 2.5 percent
of average earnings.
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Table 3: Results of the Efficient Policy

Optimal Subsidies/Taxes

Search Tax: 50% Self-emp. Tax: -2.5%

Welfare: +1.9% Size of Wage Sector: -13pp

(Self-employed): +1.9% (Pre-policy): 29%

(Employed): +1.7% (Post-policy): 16%

Note: This tables displays the search tax and self-employment subsidy rates that
make up the optimal feasible policy in the estimated model, as well as the impact
on welfare and the size of the wage sector that occurs when these rates are im-
plemented. For ease of comparison, the ”Search Tax” and ”Self-emp. Tax” values
are displayed in common units of ”Percentage of Average Self-Employment Earn-
ings”. See text for details.

The overall impact on welfare of the policy is substantial. Average welfare in-
creases by 1.9 percent of consumption. This impact is not particularly regressive or
progressive as the average impact among the self-employed and the average im-
pact among the employed are similar (1.9 percent and 1.7 percent respectively). Al-
though the employed pay more of the search cost, as they are more likely to search
in the near future, they also reap more of the benefits from shrinking the Crowd
Out externality. On the other hand, the self-employed largely benefit through
higher earnings due to the subsidy.

5.1. Decomposing the Impact of the Externalities

A natural way to examine an externality’s individual contribution to the opti-
mal policy is to marginally shrink the impact of that externality and re-examine
the policy’s impact.23 For example, one could reduce the impact of Crowd Out by
10 percent by calculating how many more jobs would be created in the short-run if
workers’ private perceptions were correct and artificially increasing the number of
jobs created by 10 percent of this. Computing the impact of the optimal policy un-
der this adjustment and comparing to the policy’s impact in the full model reveals
Crowd Out’s contribution. That is, if the optimal tax leads to a 1.9 percent increase

23Computing contributions by marginally reducing a channel (rather than entirely eliminating
it) is keeping in line with the fact that the planner in Proposition 2 equates the marginal costs and
benefits of search and thus cares about the marginal impact of each externality.
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in welfare in the baseline model and a 1.8 percent increase after this adjustment is
made, we can say that 1.0 percentage points (1.9 less 1.8 divided by 10 percent) of
the policy’s welfare gains are attributable to Crowd Out.

Figure 3 displays the contribution of each of the externalities to the overall pol-
icy impact implied by this calculation. It also displays the change in welfare that
occurs due to the fact that the optimal policy leads to minor changes in budget con-
straints (labeled “Direct Effect”; refer to subsection 3.3 for discussion). Because the
optimal policy is a tax that reduces search, negative search externalities take on pos-
itive values, as they are the reason that the tax results in welfare gains. Similarly,
positive externalities take on negative values.

Figure 3: Sources of Welfare Gains from Optimal Policy
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Note: This figure displays the (marginal) contribution of each of the four externalities to the overall
welfare impact of the optimal feasible policy. Refer to subsection 5.1 for details on how this decom-
position is performed.

Both the Crowd Out and Firm Size externalities contribute substantially, ac-
counting for +1.5 percent and -0.8 percent of the welfare gains respectively. Mean-
while, the Allocative Efficiency and Monopolist channels make much smaller con-
tributions, accounting for -0.0 and +0.4 percent. Finally, the Direct Effect of the
policy on budgets accounts for a positive but small portion of the welfare gains,
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suggesting that the optimal policy under the restricted set of tax instruments is
very close to what would be achieved without restrictions.24

The upshot of this decomposition is that the result that the optimal policy is a
tax on search, rather than a subsidy, is primarily driven by the large size of the
Crowd Out effect. The marginal searcher generates substantially fewer jobs than
they take (in the short run), and the increases in hiring and employment in the long
run stemming from the relaxation of entrepreneurs’ financial constraints are not
large enough to offset this effect. As a result, the competitive equilibrium exhibits
too much search, and the optimal policy corrects this.

5.2. Driving Forces

What features of the data drive the model to the conclusion that Crowd Out is so
large? The answer comes from examining the equation for short-run job creation
(18), rewritten here for convenience.

dm(S, V (S))

S︸ ︷︷ ︸
Short-run Job Creation

= θp(θ)
(
εm,S︸︷︷︸
Direct

+(1− εm,S)
d log V

d logS︸ ︷︷ ︸
Indirect

)
(25)

This equation makes it clear that the aggregate response of firms’ vacancy post-
ings to an increase in search (d log V

d logS
) is the primary driver of the size of Crowd Out.

A large value (close to the upper bound of one) reflects a world where firms are
highly responsive to increases in the number of searchers and the resulting de-
clines in hiring costs. In this world, the marginal searcher creates many jobs as
they induce a large increase in the number of vacancies (which create jobs) and
Crowd Out is small. In contrast, a small value (close to the lower bound of zero)
reflects a world where firms respond little to changes in the number of searchers
and, as a result, the marginal searcher creates few jobs. In this world, Crowd Out
is large.

In the model, the key determinant of firms’ responsiveness turns out to be the
vacancy posting cost c. If c is high, then hiring costs are large and the reduction
in labor market tightness due to the marginal searcher represents a substantial
reduction in a firm’s total costs and frees up a substantial amount of resources
that can now be allocated towards growth and expansion. As a result, firm hiring

24The fact that the contribution of each channel is computed by marginally, rather than totally, is
the primary reason that summing the channels’ contributions (+1.1 percent) does not yield the total
welfare impact of the policy (+1.9 percent).
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and thus vacancy postings increase substantially. On the other hand, if c is small,
this reduction only represents a small portion of total costs, and there is not much
expansion.

In model estimation, c is estimated to match the fact that firms report that hir-
ing an additional worker would cost roughly 120 percent of the average (weekly)
wage paid by the firm. We can test the intuition above quantitatively by artificially
increasing this value by 5x to 600 percent, re-estimating the model to match this
new moment, and seeing how the optimal policy changes.25

Performing this exercise confirms our intuition — in the re-estimated model,
the optimal policy transforms from a 50 percent tax on search to a subsidy equal to
about 25 percent of average self-employment earnings. In this alternative model,
firms are substantially more responsive to changes in labor market tightness and
the Crowd Out effect is substantially reduced. I interpret this as evidence that the
fact that the model perceives hiring costs equal to 120 percent of average weekly
wages to be “small” is the primary driver of its conclusion that the optimal policy
is to tax search.

What about εm,S?: Another potentially important parameter, based on equation
(18), is the matching function elasticity εm,S , which governs the relative impor-
tance of searchers and vacancies in the process of job creation. Even if firms do
not respond to higher search by posting many additional vacancies, this may not
lead to substantial Crowd Out if vacancies are unimportant in job creation (i.e.
εm,S is close to unity). Although the importance of this parameter is reminiscent
of the classic congestion externality of Hosios (1990), the presence of the indirect
short-run job creation term, as well as the long-run Firm Size and Allocative Ef-
ficiency effects, means that comparing this elasticity to workers’ bargaining share
is no longer enough to determine whether the positive or negative externalities
dominate.

We can do a quantitative experiment similar to the one we did for c above to test
if our choice of value for εm,S is important in driving our results. This is important
as the aggregate matching elasticity is a hard-to-pin-down parameter, even in de-
veloped countries where there is substantially more data available (particularly re-
garding vacancy postings). In fact, the value of 0.3 used here is simply lifted from
Hall & Schulhofer-Wohl (2018) who estimate the elasticity in the United States.

25An increase of 5x to 600 percent is chosen as this is roughly the largest value at which the model
can maintain a reasonable fit to the data.
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If the elasticity in Addis Ababa is substantially different and the optimal policy
depends heavily on the chosen value, this presents a threat to the validity of the
quantitative results.

Fortunately, this concern appears to be unfounded. Even dramatically varying
the value of εm,S between 0.1 and 0.8 (from a baseline of 0.3) has little impact on
the optimal policy which remains a tax. The exact magnitude of the tax slightly
varies from 60 percent (when εm,S = 0.1) to 30 percent (when εm,S = 0.8) but gen-
erally speaking remains very similar to the optimal tax of 50 percent of average
self-employment earnings from the baseline parameterization. These results rein-
force the conclusion that it is mostly firms’ responsiveness to additional searchers,
driven by whether hiring costs are large or small, that determines the optimal pol-
icy.

6. Alternative Policies
The results of the previous section indicate that the level of search is too high.

Using the policy instruments implied by the constrained planner’s problem, this
corresponds to an optimal policy that taxes search. Such a policy may, however,
be impractical and unfeasible. New taxes are politically unpopular and, even if
they were not, it is not immediately clear how a search tax could be implemented
— monitoring search behavior is difficult so any tax would have to rely on self-
reporting, with little incentive to accurately report.

The purpose of this section, then, is twofold. First, I explore the optimality of
alternative approaches to decreasing the level of search. Second, I pivot from nor-
mative to positive analysis and use the estimated model to study the impact of
more commonly proposed policies. Here I focus in particular on the difference
between partial equilibrium results — those that would be observed in an experi-
mental settings — and general equilibrium results, following the spirit of the liter-
ature that uses macroeconomic models to interpret experiment results in a general
equilibrium setting (e.g. Brooks, Donovan & Johnson 2020, Fujimoto, Lagakos &
VanVuren 2023, Lagakos, Mobarak & Waugh 2023). In both cases, I show that the
lessons from the constrained planner problem above remain relevant even in these
alternative settings, reinforcing the importance of my results.
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6.1. Optimal Self-Employment Subsidies

If taxing searchers is not feasible, the level of search can also be reduced purely
by subsidizing self-employment without any tax on search. Such a policy is fea-
sible and likely to have much more political support than a search tax; however,
unlike the optimal policy above, which is restricted to be budget neutral, a pure
subsidy is costly. Thus in order to make sensible welfare comparisons, I consider
the optimal self-employment subsidy policy to be the one that maximizes welfare
relative to an equivalently costly universal lump-sum transfer (otherwise the opti-
mal subsidy would be infinite as it extends the aggregate budget constraint).

Table 4: Optimal Self-Employment Subsidy vs Baseline Policy

Policy SE Sub Search Tax Net Cost % U Rate Welf.

Only Subsidy 20% 0% 16.5% GDP/cap 6.7% + 2.7%

Baseline 2.5% 50% 0% GDP/cap 6.6% +1.9%

Note: This table compares the baseline optimal policy with the optimal self-employment
subsidy. The first grouping of numbers compares the policies themselves while the second
grouping of numbers compares their outcomes.

Table 4 displays the optimal self-employment subsidy and compares it to the
baseline optimal policy of Section 5. The results are encouraging. Most notable
is the fact that the optimal level of search, as summarized by the unemployment
rate, is essentially identical to that of the baseline optimal policy (6.7% vs 6.6%).
In other words, the overall quantitative conclusions taken from the baseline pol-
icy exercises seem to generalize to this alternative setting under a different set of
policy tools rather than being relevant only to the precise set of tools implied by
the constrained planners problem. This is an important result, given the potential
practical difficulties in implementing the baseline policy discussed above.

The remaining results in Table 4 are less surprising. Implementing the optimal
level of search using only a self-employment subsidy requires a larger subsidy than
when a search tax can also be leveraged and is fairly expensive, cost over 16 percent
of GDP. The resulting welfare gains are slightly larger than the baseline policy,
arising from the fact that the self-employment subsidy is somewhat redistributive
relative to the lump-sum transfers against which it is compared.
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6.2. Subsidies in Partial and General Equilibrium

Here I use the model to evaluate what would happen if one were to ignore the
general equilibrium search externalities outlined above and implement a subsidy
to search anyways. I focus on a subsidy that reduces search costs by two-thirds
(identical to the experiment used in model estimation) funded by a tax on wage
workers. The justification for such a policy is natural — it helps to “complete”
credit markets as searchers face borrowing constraints and lack any mechanism
through which the income of future employment can be used to fund search today.
Table 5 displays the results of this policy, focusing on the difference between partial
and general equilibrium.

Table 5: Result of Search Subsidies

Model Wage Sector Welfare

Baseline 30% –

(1) Subsidy Only (Partial Eq.) 42% +3.7%

(2) Subsidy + Tax (Partial Eq.) 38% +1.3%

(3) Subsidy + Tax (General Eq.) 33% +0.1%

(4) Subsidy to Self-Emp. + Tax (GE) 26% +1.5%

Note: This table displays the impact of implementing a subsidy for job search on
the size of the wage sector and average welfare in the estimated model. Refer to
the text for details on the models represented by each row.

In partial equilibrium, where job finding rates and wages are fixed, offering
the search subsidy leads to substantial improvements in welfare (+3.7 percent of
consumption) and a large increase in the size of the wage sector (from 30 to 42 per-
cent). These large increases stem from the promising experimental results used
to estimate the model — the wage sector exhibits a significant wage premium
and providing a subsidy leads to a large increases in search behavior, suggest-
ing that workers who would otherwise substantially benefit from wage work are
credit-constrained away from search. Though the experiment corresponds to the
externally funded case in (1), these same conclusions survive even when policy is
internally funded via a tax on wage workers (row 2).
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General equilibrium, however, tells a different story, and the policy looks much
less effective in row (3). After accounting for changes in the job finding rate and
wages (and the corresponding externalities that arise), the wage sector grows only
by a very small amount (from 30 to 33 percent), and the welfare gains are substan-
tially diminished (+0.1 percent). Though the welfare gains are still positive, this
arises only due to the fact that the benefits of the redistributive component of the
policy, which transfers income from wealthy wage earners to comparatively poor
searchers, are enough to outweigh the welfare costs of moving further from the
optimal level of search.

Building on the results of Section 5, we can explore a better policy. If redis-
tributing from wage earners to searchers is highly valuable but carries a welfare
cost due to inefficiently increasing the level of search, we can do even better by in-
stead using these tax revenues to subsidize self-employment. This achieves nearly
the same amount of redistribution with the added benefit of moving the equilib-
rium closer to efficiency. The results of this policy (using the same sized tax on
wage earners and redistributing all revenue evenly to the self-employed) are dis-
played in row (4) and confirm this intuition. Welfare increases by 1.5 percent, over
an order of magnitude more than the search subsidy.

Overall, this section shows that promising experimental (partial equilibrium)
results for search subsidies do not guarantee that a policy will be successful when
scaled-up to a general equilibrium level. Interestingly, these results also provide
further insight into why the optimal policy within the model is to tax search. In
particular, it is not because the model concludes that there are few workers who
would gain substantially from wage work but are constrained and unable to search
— the partial equilibrium results show that there are many such workers. Instead,
it is a result of the fact that a search subsidy is ineffective at reducing these con-
straints due to the dominance of the Crowd Out effect. Although a subsidy does
reduce the per-period cost of search, this is mostly offset by a decline in the job-
finding probability. As a result, the average total cost of finding a job changes very
little.

7. Conclusion
Many policies and interventions aim to expand the wage sector by increasing

the extent to which (potential) workers can search for jobs. This paper develops
and estimates a model that incorporates key features of developing countries in
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order to understand and quantify the search externalities that arise in this setting.
Contrary to the intuition that search should be encouraged, the estimated model
suggests that the optimal policy is a substantial tax that increases the cost of search.
The primary reason for this conclusion is that hiring costs do not appear to be a
substantial constraint to firm growth and consequently, firms do not substantially
increase vacancy postings in response to higher levels of search. As a result, the
negative Crowd Out externality of search is larger than the postive Firm Size and
Allocative Efficiency externalities — the marginal searcher generates few jobs and
lowers the probability that other searchers find work.

One broad takeaway of the model and ensuing quantitative analysis, relevant
to policymakers and economists alike, is that policies aimed at assisting job seekers
should be very careful to distinguish between the extent to which policies encour-
age search (i.e. increase an individual’s incentive or ability to search) and the extent
to which they improve the effectiveness of search (i.e. improve the productivity of
the matching function), as improvements in search efficiency are not subject to the
concern of crowding out. Because many policies represent a combination of these
two effects (e.g. government subsidies for employment agencies, discussed in Wu
& Wang 2023, may encourage search by lowering the price of this service but may
also improve efficiency if agencies are able to effectively streamline the matching
process), experimental evaluations of these policies can productively try to distin-
guish between their impact on each.

The quantitative conclusions of Sections 5 and 6 should be caveated by not-
ing that the model is estimated to the specific setting of Addis Ababa. Although
quantitative exploration reveals that it is fairly difficult (though not impossible) to
overturn the conclusion that the optimal policy is a tax on search, the exact level
of the optimal tax can vary substantially depending on the targeted moments. Ap-
plying the model in different settings would require new data on these moments,
which may be difficult to find depending on the setting.
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Appendix

A. Additional Tables and Figure

Table A.1: Summary Statistics of Experimental Sample vs LSMS

LSMS Searchers Experimental Sample

Less than Secondary 28% 0%

Secondary 41% 59%

Post-secondary 31% 41%

Female 52% 54%

Age (years) 28 23

After 3 years:

Any work 54% 54%

Earnings (2018 Birr, monthly) 2318 1813

Note: This table displays summary statistics comparing the individuals selected into the experi-
mental sample of Abebe et al. (2021a) to a representative sample of searchers constructed from the
2018 wave of the Ethiopia LSMS. Because earnings after 3 years for the LSMS sample are measured
in 2021, these values are deflated to 2018 Birr using the World Bank’s reported 201 percent cumu-
lative consumer price inflation rate for Ethiopia from 2018 to 2021.

B. Derivations and Proofs from Section 2.5
The first result to show is that the entrepreneur’s optimal choices of f ′ and n′

in steady-state satisfy η(z, θ̄) = γf ′∗

n′∗ for some function η depending only on z and
θ̄. Substituting in the wage determination equation (which the entrepreneur takes
as given) and the vacancy posting constraint, the first-order condition for f ′ and n′

can be combined with the envelope condition for f and n to generate

β∆µ′
(
(1− α)(1− χ)z(

γf ′

n′ )
α −

(
(1− χ)w − c

p(θ(X ′))
(1− λ)

))
=

c

p(θ(X))
µ

β∆µ′
(
γα(1− χ)z(

γf ′

n′ )
α−1 + 1− γ(r + δ)

)
= µ

where µ is the Lagrange multiplier on the budget constraint and θ(X) is a price
function that depends on the aggregate state X . Combining these two equations,
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substituting in η, and defining A, B(θ(X), θ(X ′)), and C(θ(X), θ(X ′)) for clarity
yields

Azηα +B(θ(X), θ(X ′))zηα−1 + C(θ(X), θ(X ′)) = 0 (26)

which, for 0 < α < 1, can be shown to have a unique and positive solution for η

for any value of z, X , and X ′. Call this solution η̃(z;X,X ′). Finally, substituting
θ̄ = θ(X) = θ(X ′) and defining η(z, θ̄) = η̃(z; θ̄, θ̄) completes the derivation.

The next result to show is that an entrepreneur’s growth rate is constant in
steady-state, that is, that f ′∗ satisfies f ′∗ = ĝ(z, θ̄)f for some function g. This fol-
lows almost directly from the previous result. Substituting n = γ

η̂(z,θ̄)
f in to the

budget constraint of the entrepreneur problem reveals that the RHS of the budget
constraint is now linear in f and can be written

d+ E(z, θ̄)f ′ = D(z, θ̄)f (27)

for appropriately define functions D(z, θ̄) and E(z, θ̄) which depend only on z, θ̄,
and parameters. Because entrepreneurs possess CRRA utility, the entrepreneur
problem looks similar to a cake-eating problem has the well-known solution of a
constant growth rate in f depending on the values of D and E (shown below),
implying that that f ′ = ĝ(z, θ̄)f for some function ĝ.

The final step is to provide the derivations for equations (16) and (17). Building
on (27) and applying the solution to the cake-eating problem to find f ′∗ yields26

ĝ(z, θ̄) =

(
β∆

D(z, θ̄)

E(z, θ̄)

) 1
σ

=

(
β∆

((1− χ)γzη̂(z, θ̄)α−1 −
(
(1− χ)w − c

p(θ̄)
(1− λ)

)
γ

η̂(z,θ̄)
+
(
1− γ(r + δ)

)(
1 + c

p(θ̄)
γ

η̂(z,θ̄)

) ) 1
σ

The chain rule yields dĝ
dθ̄

= ∂ĝ
∂c/p(θ̄)

dc/p(θ̄)

dθ̄
+ ∂ĝ

∂η̂
dη̂

dc/p(θ̄)

dc/p(θ̄)

dθ̄
. Using either direct cal-

culation of partial derivatives or implicit differentiation (in the case of dη̂
dc/p(θ̄)

), we

26While this solution to a “generalized cake eating problem” is straightforward, I have been
unable to locate this exact formulation of the problem anywhere. As such, a derivation is available
upon request.
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can express each individual piece as

∂ĝ

∂c/p(θ̄)
= − 1

σ
ĝ1−σ

(
( ĝ
β∆

− 1) + λ
η
γ
+ c

p(θ̄)

)
≤ 0

∂ĝ

∂η̂
=

1

σ
ĝ1−σ

( β∆
ĝ

− ĝ
β∆

η
γ
+ c

p(θ̄)

)
≤ 0

dη̂

dc/p(θ̄)
=

γ
(
α(1− χ)zη̂α−1 − (r + δ)

)
+ λ

J(θ̄)
> 0

where J(θ̄) is a placeholder for a complex but unambiguously positive expression
(note that the second expression is simplified using the first order condition for f ′).

It is worth commenting briefly on why the claimed inequalities hold. Both the
first and second inequalities follow directly from the fact that an optimizing en-
trepreneur will ensure that g ≥ β∆ (an entrepreneur can always choose to se-
lect k = 0, n = 0 and simply eat their cake, yielding g = β∆, so this acts as a
lower bound on all growth rates). The final expression follows from the fact that
the presence of a collateral constraint ensures that the marginal product of capital
(α(1− χ)zη̂α−1) is always larger than the marginal cost of capital (r + δ ).

Returning to the main results and noting that dc/p(θ̄)

dθ̄
> 0 by assumption, com-

bining these inequalities with the chain rule shows that dĝ
dθ̄

< 0 and dη̂
dθ̄

> 0.

C. Derivations and Proofs from Section 3
First, I formally define the functions v and H introduced in equation (21).

v(mt, ηt, ηt+1, gt) =
1

p(θ)

∫ [
gt(z)∆

ηt(z)

ηt+1(z)
− (1− λ̃)

] ∫
mt(a, z)da+

+
D̂(z, θt, ηt(z))γf

ηt+1(z)
h(z) dz (28)

(29)

H(z,mt, ηt, ηt+1, gt) =

[
gt(z)∆

ηt(z)
ηt+1(z)

− (1− λ̃)
] ∫

mt(a, z)da+
D̂(z,θt,ηt(z))γf

ηt+1(z)
h(z)

p(θ)v(mt, ηt, ηt+1, gt)

(30)

The expression for v simply aggregates vacancy postings across all previously ex-
isting firms (first term) and all newborn firms (second term). The expression for H
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computes the number of new hires matched to a z-type entrepreneur (numerator)
and divides by total number of new hires (denominator).

The problem of the constrained social planner is given sequentially by

max
{ct,a′t,st,θt,mt}∞t=0

∞∑
t=0

βt

∫ ∫ ∫
u(ct)mt(a, z)j(y)dydadz

s.t. a′t + ct = Ra+ (1− st)y + st(wt(z)− (1− z)b) ∀a, y, z
at+1 ≥ 0 (31)

st(a, z) ∈ {0, 1}
v(mt, ηt, ηt+1, gt)

θt
=

∫ ∫
st(a, 0)mt(a, 0)j(y)dyda

mt+1(a
′
t, 0) = mt(a, 0)− θtp(θt)

∫
st(a, 0)mt(a, 0)j(y)dy

mt+1(a
′
t, z) = (1− λ̃)mt(a, z)+H(z,mt, ηt, ηt+1, gt)θtp(θt)

∫
st(a, 0)mt(a, 0)j(y)dy

where the functions ηt and gt arise from the slightly modified sequential problem
of an entrepreneur:

max
{dt,ft+1,kt,nt,vt}

∞∑
t=0

(β∆)t
c1−σ
t

1− σ

s.t. dt + ft+1 = (1− χ)zkα
t n

1−α
t − (r + δ)kt − (1− χ)wnt + ft − cvt

nt+1 = (1− λ)nt + p(θt)vt (32)

kt ≤ γft

f0 ∈ R

so that ηt = γft
nt

and gt = ft+1

ft
.27 Note that here I have suppressed the initial

condition of the planner’s problem and imposed the scale-invariance of the en-
trepreneurs optimal capital-labor ratio and growth rate by leaving the initial con-
dition f0 arbitrary.

In analysis of the problem of the social planner, it will be useful to note that

27Even here in the appendix I opt to write the planner’s problem for the case of no autocorrela-
tion in individuals’ self-employment productivity (i.e. y is drawn from j(y) each period). Including
autocorrelation is conceptually simple and involves adjusting only the final two inequalities gov-
erning the evolution of the distribution mt (and the integral in the objective function); however,
doing so leads to prohibitively cumbersome notation and adds no additional insight.
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while ηt and gt are potentially functions of z and the entire sequence of labor mar-
ket tightness {θ}∞t=0, solving the entrepreneur’s problem reveals that they depend
only on ability z and current and future tightness θt, θt+1 and thus can be written
as ηt(z, θt, θt+1) and g(z, θt, θt+1). The independence of entrepreneur policy func-
tions from values of θ beyond period t+1 follows directly from the linearity of the
hiring cost, combined with the parameter assumptions that ensure that any oper-
ating entrepreneur will choose vt > 0 each period. While the continuation value
of an entrepreneurs labor force depends in theory on the whole sequence of labor
market tightness, the ability to re-optimize at linear cost tomorrow ensures that
this continuation value is equal to the ”liquidation value” of the workforce next
period.

C.1. Notes and Proof for Proposition 2

Proof: The first step is to rewrite the planner’s problem to eliminate the binary
choice of st which complicates analysis. It’s fairly straightforward to show that,
for utility functions exhibiting diminishing marginal utility, the optimal choice of
st takes the form of a cutoff rule in a above which individuals search and below
which they do not (this fact arises directly from the fact that c∗t is monotonically in-
creasing a conditional on st and diminishing marginal utility). Thus we can rewrite
the planner’s problem as selecting an optimal cutoff st, which is differentiable. I
also rewrite the planner’s problem in recursive form to simplify analysis.
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V (θ−2, θ−1,m) = max
c,a′,s,θ,m′

∫ ∫ ∫
u(c)m(a, z)j(y)dydadz + βV (θ−1, θ,m

′)

s.t. a′ + c = Ra+ (1− St(a− s))y + St(a− s)(w(z)− (1− z)b) ∀a, y, z
a′ ≥ 0 (33)

v(m, η, η′, g)

θ
=

∫ ∞

s

m(a, 0)da

m′
e(a

′, 0) =

∫
λ̃m(a, z)dz

m′
u(a

′, 0) = m(a, 0)− St(a− s)θp(θ)m(a, 0)

m′
e(a

′, z) = (1− λ̃)m(a, z)

m′
u(a

′, z) = H(z,m, η, η′, g)St(a− s)θp(θ)m(a, 0)

m′(x, 0) = me(x, 0) +mu(x, 0)

m′(x, z) = me(x, z) +mu(x, z)

where St(x) is the step function defined via the integral of Dirac’s delta δx.
Because the state variable describing the distribution of agents across states m

is a function R2 → R, the value function V is technically a functional and making
progress requires dipping into functional analysis. I keep things relatively simple
and try to align notation as closely as possible to what is typical in more standard
situations. To this end, define the following shorthand to capture the notion of a
“derivative of y with respect to the value of m at point (a, z)”:

dy

dm(a, z)
≡ d

dϵ
y(m+ ϵδaδz)

∣∣∣∣
ϵ=0

With this defined, we can proceed.
The first order condition with respect to s yields

λ(s, 0)

m(s, 0)
(s+ b) = θp(θ)

( ∫
µ(s, z)H(z)dz − µ(s, 0)

)
+ τ (34)

where λ and τ are the Lagrange multipliers on the budget and theta constraints
respectively. We can then generate a pair of envelope conditions with respect to
m(s, z) and m(s, 0) (note that I have used the first order condition for s to eliminate
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τ from both).

1

m(s, z)

dV

dm(s, z)
=

∫
u(c)j(y)dy +

(
g(z)∆

η

η′
− (1− λ̃)

)( ∫
H(z)µ(s, z)dz − µ(s, 0)

)
− λ(s, 0)

θp(θ)m(s, 0)
(s+ b)

(
g(z)∆

η

η′
− (1− λ̃)

)
+ λ̃µ(s, 0) (35)

+ (1− λ̃)µ(s, z) +
(
g(z)∆

η

η′
− (1− λ̃)

)
(ω̃1 − ω̃2)

1

m(s, 0)

dV

dm(s, 0)
=

∫
u(c)j(y)dy + µ(s, 0) + λ(s, 0)(s+ b) (36)

where µ(a, z) and µ(a, 0) are the Lagrange multiplier on the constraints govern-
ing the evolution of m′ and (ω̃1, ω̃2) are defined in the discussion at the endof this
section.

We can then use these conditions to generate an expression for
∫
H(z) 1

m(s,z)
dV

dm(s,z)
dz−

1
m(s,0)

dV
dm(s,0)

which should be interpretted as the planner’s increase in value from
moving one (normalized) unit of workers into employment while obeying the con-
straint that fracion H(z) of workers must be matched with an entrepreneur of pro-
ductivity z.

We also have from the first order conditions on m′(s, z) and m′(s, 0)28

∫
H(z)µ(s, z)dz − µ(s, 0) = β

(∫
H(z)

1

m(s, z)

dV

dm′(s, z)
dz − 1

m(s, 0)

dV

dm′(s, 0)

)
(37)

Combining this expression with the expression for the RHS referenced above, re-
stricting to steady-state, and solving for the desired quantity yields∫

H(z)µ(s, z)dz − µ(s, 0) =
β
∫ ∫

H(z)
(
u(cz)− u(c0)

)
j(y)dydz

1− β
∫
H(z)g(z)∆dz

+ Drift Terms

(38)

where cz and c0 are notation-saving shorthand for c(a, z, y) and c(a, 0, y) respec-
tively, and the drift terms are discussed further below. This term can be plugged
directly in to the first order condition with respect to s.

28This phrase should be interpreted as intuitive shorthand for the first order conditioned gener-
ated by examining a delta-perturbation of m′ at (a, z) i.e. dL

dm′(a,z) in the shorthand defined above.
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With the hard part done, all that remains is to use the first order condition for θ
to find the following expression for τ :

τ =
θ/

∫∞
s

m(a, 0)da
d log v
d log θ

− 1

(
(1 +

d log p

d log θ
)

∫ ∞

s

( ∫
H(z)µ(a, z)dz − µ(a, 0)

)
m(a, 0)p(θ)da︸ ︷︷ ︸

Crowd Out

+

∫ ∫ ∫
λ(a, z, y)

dw

dθ
j(y)dydzda︸ ︷︷ ︸

Monopolist

+ θp(θ)

∫ ∞

s

∫
dH(z)

dθ
µ(a, z)dzm(a, 0)da︸ ︷︷ ︸

Allocative Efficiency

)
(39)

+ β
dV

dθ−1︸ ︷︷ ︸
Anticipation

where the effects of anticipation are captured in dV
dθ−1

Finally, plugging everything in to the first order condition for s shows that the
planner assigns an individual in state (a, 0) to search if and only if

u′(c0)
(
y + b

)
≤ βθp(θ)

∫ ∫
H(z)

(
u(cz)− u(c0)

)
j(y)dydz

1− β

∫
H(z)g(z)∆dz︸ ︷︷ ︸

Firm Size

+ Drift Terms + τ (40)

The exact formulation of the decision rule used in Proposition 2 can be found sim-
ply by letting σ → 0 and noting that the drift terms collapse to zero in this limit,
concluding the proof.

Discussion of Drift Terms: The drift terms in the planner’s decision rule serve
as adjustments for the fact that the marginal job-seeker has a different level of
asset holdings than the average job-seeker and, similarly, that the marginal newly
employed individual has different assets than the average employed individual.
Essentially, they adjust for the fact that the asset level of searchers will “drift” away
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from s over time.

Drift Terms =

(
1−

∫∞
s m(a,0)da

m(s,0)

)
λ(s, 0)(y + b) +

(
g(z)∆ η

η′
− (1− λ̃)

)
(ω̃1 − ω̃2)

1− β
∫
H(z)g(z)∆dz

ω̃1 =

∫ ∫
m(a, z)µ(a, z)St(a− s)m(a, 0)da

m(s, z)µ(s, z)m(s, 0)
dz

ω̃2 =

∫ ∫ ∫ (
g(x)∆− (1− λ̃)

)
H(x)m(a, x)µ(a, x)St(a− s)m(a, 0)dadx(

g(z)∆− (1− λ̃)
)
m(s, z)µ(s, z)m(s, 0)

dz

To see this, note that the drift terms collapse to zero when the distribution of asset
holdings among both the employed and unemployed are concentrated at s (i.e.
m(a, z) = δsm and m(a, 0) = δs(1 − m)). Further analysis of this term is possible
but involves substantial technical complication (due to the necessity of tracking
the evolution of assets over time) and provides very little additional insight.

No (Additional) Externalities in Savings Decision: Here I sketch the argu-
ment/proof of the fact that the presence of search does not induce an externality in
individuals’ savings decisions. That is, individuals facing taxes/subsidies aligning
their privately optimal search decision rule with that of the planner will choose the
same savings policy function as the planner.

The approach follows that of Davila et al. (2012) and leverages a change of vari-
ables in the planner’s objective function from time-space to individual-space for
any finite (N period) optimization sub-problem. Consider the sub-problem of a
planner facing a distribution of agents m and who has already settled on the two-
period-ahead policy function a′′ but must decide today’s policy function a′. One
could consider the maximization of the sum of today’s utility (averaged over m)
and tomorrow’s utility (averaged over the appropriately defined m′); this is the
period approach and is how the planner’s problem in (31) is written. One could
alternatively consider the maximization of the two period utility for all agents alive
in the first period (i.e. averaged over m) — the individual approach. These two
objects are different ways of computing the same quantity.
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The approach above lets us consider the following optimization problem:

max

∫ ∫ (∫
u(Ra− Inc(y, a, s, z)− a′)j(y)dy

+ βE
[ ∫

u(Ra′ − Inc(y, a′, s′, z′)− a′′)j(y)dy|s, z
])

m(a, z)dadz (41)

Inc = (1− St(a− s))y + St(a− s)(w(z)− (1− z)b)

Note that all the transition dynamics across employment states z are implicit in
the expectations operator (a rigorous proof would require fully specifying these
details, but they can be ignored in a proof sketch).

Taking the first order condition for a′ from this problem reveals that it is iden-
tical to that derived from the individual problem. Of course these first order con-
ditions contain the policy function for s, but the assumption that the search sub-
sidy/tax implements the planner’s search policy in the decentralized economy en-
sures that these functions are identical. Thus the savings policies are identical, and
the proof sketch is complete.

Individual’s Search Decision Rule: As was the case for the planner’s problem,
it is easy to show that individual’s search decision rule is monotonic in their assets
and thus the binary search choice in the individual problem can be replaced by
the choice of an asset cutoff s above which the individual will search and below
which they will not. Restating the relevant portion of the individual problem (5)
for convenience (with auto-correlation in y removed and the aggregate state X

suppressed):

Vu(a) = max
c,a′,s

u(c) + β

((
1− St(a− s)θp(θ)

)
Ey[Vu(a

′)] + St(a− s)θp(θ)
(
Ez[Ve(a

′, z)]

)
Ve(a, z) = max

c,a′
u(c) + β

(
(1− λ̃)Ve(a

′, z) + λ̃Ey[Vu(a
′)]]

)
s.t. a′ + c =(1 + r)a+

(
1− St(a− s)

)
y − St(a− s)b for Vu

a′ + c =(1 + r)a+ w(z) for Ve

The first-order condition for s then yields

u′(cu)(y + b) = βθp(θ)
(
Ez[Ve(a

′
u, z)]− Ey[Vu(a

′
u)]

)
(42)
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where cu and a′u denote the policy functions of the “unemployed” with their depen-
dence on (a, y) suppressed. Plugging the policy functions into the value functions
above and doing some careful rearranging to the RHS yields the policy rule for
search.

u′(cu)(y + b) ≤ βθp(θ)
Ez[u(ce)]− Ey[u(cu)]

1− β(1− λ̃)
+ Drift Terms

Drift Terms = β(1− λ̃)∆a′e,a
′
u
−∆s,a′u + β

(
Ey[Vu(a

′
e)]− Ey[Vu(a

′
u)]

)
(43)

∆x,y =
(
Ez[Ve(x)]− Ey[Vu(x)]

)
−
(
Ez[Ve(y)]− Ey[Vu(y)]

)
As in the planner’s problem, the inclusion of curvature in the utility function in-
duces some “drift terms” that account for the fact that individuals’ savings drift
away from the cutoff s over time.

It turns out that the drift terms in the privately optimal decision rule (43) and
equivalent to the drift terms in the planner’s decision rule (40) in the sense that
both terms yield the same value when given the same policy function a′. This is
not particularly surprising, as both terms simply exist to adjust for curvature in
the utility function. The powerful implication of this fact is that the externalities
contained in τ above (as well as the difference in discount rates) make up an ex-
haustive list of wedges between the privately and publicly optimal decision rules,
even with curvature in the utility. Formally showing this equivalence is somewhat
cumbersome; the quickest approach involves an awkward change-of-variables in
the planner’s problem (to make it look more like the individual’s problem) and can
be provided upon request.

C.2. Positive Weight on Entrepreneurs’ Welfare

The results above all depend on the assumption that the planner places zero
weight on the welfare of entrepreneurs. It is not too difficult to generalize this as-
sumption and allow the planner to place arbitrary Pareto weight on entrepreneurs’
utility. Doing so requires the planner to track the distribution of entrepreneurs over
their individual states. When approaching this in a fully general manner (i.e. track-
ing this distribution via a pdf me), the fact that the model is written in discrete time
and the fact that entrepreneurs face no uncertainty combine to generate some tech-
nical unpleasantness — the distribution of entrepreneurs becomes “concentrated”
at many points (i.e. there are point masses of z-entrepreneurs with collateral f and
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at g(z, θ)f with nothing in between).
While this can be handled via Dirac’s delta, it is much simpler to directly im-

pose the fact that the entrepreneur states evolve discretely. To that end, define
{ft,τ (z)}∞τ=0 to be the collateral of a z-type entrepreneur born in period t− τ (which
is identical for all z-types as their problem is deterministic conditional on survival)
and {m̂t,τ (z)}∞τ=0 to be the number of such entrepreneurs alive. From the planner’s
perspective, all necessary entrepreneur behavior can be inferred from these two
sequences, making these the additional state variables required to generalize the
problem.

The planner’s objective function then becomes

max
∞∑
t=0

βt

∫ ∫ ∫
u(ct)mt(a, z)j(y)dydadz + Λ

∞∑
t=0

βt

∫ ∞∑
τ=0

u(dt,τ (z))dz (44)

where Λ is the relative weight on entrepreneurs’ welfare. This can be written re-
cursively as

V (θ−2, θ−1,m) + ΛVE(θ−2, θ−1, fτ , m̂τ ) =

max

∫ ∫ ∫
u(c)m(a, z)j(y)dydadz + Λ

∞∑
τ=0

∫
u(dτ (z))mτ (z)dz (45)

+ βV (θ−1, θ,m
′) + ΛβVE(θ−1, θ, f

′
τ , m̂

′
τ )

The additional constraints are

dτ (z) = F (z, η, θ)fτ (z) (46)

f ′
τ+1(z) = g(z, η, θ−1, θ)fτ (z) (47)

mτ+1(z) = ∆mτ (z) (48)

f ′
0(z) =

(
1

1 + c
p(θ)

γ
ηt(z,θ−1,θ)

)
f (49)

m′
0(z) = Mh(z) (50)

where F is the multiple of collateral consumed by the entrepreneur each period
(F = (D − E(β∆D

E
)

1
σ )) for D,E as defined in (27).

Examining the new objective functions and constraints, it is clear that values
of Λ greater than zero will the only change the planner’s optimal search policy
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through the appearance of new terms in the first-order condition for θ given in (39)
as the search cutoff s appears nowhere in the new objective function or constraints.
These new terms, which represent new search externalities, are given by

∞∑
τ=0

∫
λc(τ, z)

dF

dθ
fτ (z)dz +

∞∑
τ=0

∫
λf (τ, z)

dg

dθ
fτ (z)dz +

∫
λf (0, z)

dG

dθ
fdz (51)

1

G
= 1 +

c

p(θ)

γ

ηt(z, θ−1, θ)
(52)

where G is the (inverse) price of one “production unit” (i.e. one unit of collateral
and γ

η
units of labor).

Using the first-order and envelope conditions arising from the new constraints
and rearranging allows us to express these terms in steady-state as

Λ
∞∑
τ=0

∫ (
u′(d̄τ )

dF

dθ︸ ︷︷ ︸
Current consumption change

+
∞∑
i=0

(βḡ)iu′(d̄τ+i)
dg

dθ︸ ︷︷ ︸
Future consumption changes

)
f̄τm̄τdz+ (53)

+ Λ β

( ∞∑
τ=0

∫
(βḡ)τu′(d̄τ )m̄τ

)
dG

dθ
f︸ ︷︷ ︸

Initial reoptimization of newborns

where I have suppressed the dependence of many outcomes on z for legibility. The
first two terms correspond to changes in consumption for living entrepreneurs,
both in the current period (due to changes in the multiple of collateral that is con-
sumed F ) and in future periods (due to changes in the growth rate g). The last term
corresponds to the change in lifetime consumption for newborn entrepreneurs
arising from changes in the price of one production unit (i.e. one unit of f and
γ
η

units of labor) which impacts lifetime consumption by changing entrepreneurs’
initial size.

These terms all depend on the response of the appropriate object (F, g,G) to the
change in θ. With a slight abuse of notation we can use the chain rule to separate
these changes into those that occur due to changes in the optimal capital-labor
ratio η and those that do not via dF

dθ
= ∂F

∂θ
+ ∂F

∂η
∂η
∂θ

where the first partial derivative
is taken while holding η (which depends on θ) constant. The expression in (53) can
then be split into two terms, one depending on θ and one depending on η.
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Λ

( ∞∑
τ=0

∫ (
u′(d̄τ )

∂F

∂θ
+

∞∑
i=0

(βḡ)iu′(d̄τ+i)
∂g

∂θ

)
f̄τm̄τdz + β

( ∞∑
τ=0

∫
(βḡ)τu′(d̄τ )m̄τ

)∂G
∂θ

f

)
︸ ︷︷ ︸

Market Thickness

+

(54)

Λ
∂η

∂θ

( ∞∑
τ=0

∫ (
u′(d̄τ )

∂F

∂η
+

∞∑
i=0

(βḡ)iu′(d̄τ+i)
∂g

∂η

)
f̄τm̄τdz + β

( ∞∑
τ=0

∫
(βḡ)τu′(d̄τ )m̄τ

)∂G
∂η

f

)
︸ ︷︷ ︸

Capital Shallow

(55)

This, finally, is the most intuitive expression of the additional externalities that
emerge when putting positive weight on entrepreneurs’ welfare.29 The first term,
labeled “Market Thickness”, captures the logic of the textbook market thickness
externality. When search increases (and thus θ decreases) and the cost of hiring a
worker declines, entrepreneur resources are freed up which increase consumption
through a variety of channels. Lower hiring costs mean that entrepreneurs can
consume a larger multiple of their collateral each period as fewer profits must be
allocated towards hiring for a given growth rate (∂F

∂θ
) and that entrepreneurs are

able to grow their size and thus their consumption faster (∂g
∂θ

). Finally, lower hiring
costs mean that newborn entrepreneurs are able to start at a higher initial size
as fewer initial resources must be allocated towards hiring the initial workforce,
increasing lifetime consumption (∂G

∂θ
).

The second term corresponds to the same effects that occur due to changes in
the capital-labor ratio η arising from the change in θ. In particular, a decline in
the capital-labor ratio as a result of search leads to an increase in the profit per
unit of capital, and thus per unit of collateral. This higher profit then increases
the multiple of collateral consumed, firm growth, and entrepreneurs’ initial size,
all of which lead to higher consumption. I refer to this as the “Capital Shallow-
ing” externality, and it mirrors the Monopolist externality that due to changes in η

impacting households’ consumption.
The final step is to add these terms into the first-order condition for θ described

29Although in theory this term can be further simplified by leveraging the fact that CRRA util-
ity allows the various summations to be expressed as geometric series, this obscures rather than
illuminates the underlying intuition.
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in (39) in order to write the full expression in the case of Λ > 0.

τΛ =
θ/

∫∞
s

m(a, 0)da
d log v
d log θ

− 1

[
(1 +

d log p

d log θ
)

∫ ∞

s

( ∫
H(z)µ(a, z)dz − µ(a, 0)

)
m(a, 0)p(θ)da︸ ︷︷ ︸

Crowd Out

+ θp(θ)

∫ ∞

s

∫
dH(z)

dθ
µ(a, z)dzm(a, 0)da︸ ︷︷ ︸

Allocative Efficiency

+
∂η

∂θ

(∫ ∫ ∫
λ(a, z, y)

dw

dη
j(y)dydzda︸ ︷︷ ︸

Monopolist

(56)

+ Λ
∞∑
τ=0

∫ (
u′(d̄τ )

∂F

∂η
+

∞∑
i=0

(βḡ)iu′(d̄τ+i)
∂g

∂η

)
f̄τm̄τdz + β

( ∞∑
τ=0

∫
(βḡ)τu′(d̄τ )m̄τ

)∂G
∂η

f

)
︸ ︷︷ ︸

Capital Shallowing (Entrepreneurs)

+ Λ
∞∑
τ=0

∫ (
u′(d̄τ )

∂F

∂θ
+

∞∑
i=0

(βḡ)iu′(d̄τ+i)
∂g

∂θ

)
f̄τm̄τdz + β

( ∞∑
τ=0

∫
(βḡ)τu′(d̄τ )m̄τ

)∂G
∂θ

f︸ ︷︷ ︸
Market Thickness

+ β
( dV

dθ−1

+ Λ
dVe

dθ−1

)
︸ ︷︷ ︸

Anticipation

Plugging this expression in to the first order condition for s yields the an identi-
cal planner’s optimal search rule but with the additional capital shallowing and
market thickness externalities present.

C.3. Relationship to the Hosios (1990) Condition

Given that the main results in this paper have focused on characterizing the ef-
ficient level of search, it is natural to wonder if something similar to the famous
Hosios (1990) condition holds and if there are (relatively simple) conditions on pa-
rameters that lead the competitive allocation to be efficient. This turns out not to be
the case in general once all the model features are added; however, building from
a simplified version of the model in which the Hosios (1990) condition (almost)
holds to the baseline result presented in Proposition 2 is valuable as it provides
some intuition for how the main results of this paper fit into the broader search
literature.

Some parameters assumptions greatly reduce the model’s complexity and elim-
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inate some externalities. The first step is to choose σ = 0 so that workers and
entrepreneurs exhibit linear utility and to choose a Pareto weight of 1 so that the
planner values all consumption equally (i.e. we are in the case, as in the previous
section, where the planner values entrepreneur consumption rather than the case
in the main results where the planner values only worker consumption). I then
take the capital share parameter α to be 0 (i.e. a linear-in-labor production technol-
ogy) which eliminates the monopolist externalities related to the capital-labor ratio
(refer to 56). Taking the distribution of entrepreneur productivity z to be a point
mass eliminates the Allocative Efficiency externality (as entrepreneurs become ho-
mogeneous) and, further, letting the collateral constraint parameter γ → ∞ allows
entrepreneurs to expand immediately to any size they desire, eliminating the Firm
Size externality. Finally, for simplicity I set the cost of search b to 0 and assume that
there is no auto-correlation in self-employment earnings.

Because these parameter assumptions leave behind only the Congestion and
Market Thickness externalities, it is intuitive that something similar to the Hosios
condition may arise. To generate the Hosios condition exactly, we need to make
two adjustments to the model.

First, we must adjust workers’ outside option in the bargaining protocol. Rather
than non-cooperating workers drawing from the distribution of self-employment
productivities and engaging in self-employment for a period, we allow them to
choose between engaging in self-employment for the period or engaging in job
search and “selling” any jobs obtained to other (jobless) workers (with a price equal
to the value of the job, something agreed upon by all workers due to linear util-
ity). Although somewhat contrived, this small adjustment is necessary to align the
outside option used in wage bargaining with the non-search option available to
unemployed workers (which otherwise differs slightly). The second adjustment is
to allow the planner to dictate the policy functions of entrepreneurs (which, un-
der these simplifications, boils down to the choice of how many vacancies to post)
rather than being constrained to choose values consist with entrepreneur optimal-
ity.

Under these assumptions, the thresholds in income below which individuals
opt to search sc and the income threshold below which the planner would assign
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individuals to search sp are given by

sc = βθp(θ)
χ(z − ỹc)

1− β(1− λ̃)

sp = βθp(θ)
−ϵp,θ(z − ỹp)

1− β(1− λ̃)
(57)

ỹx =

∫
y<sx

yj(y)dy + sx(1− J(sx))

where sc, sp denote the competitive and planner policies respectively and ϵp,θ is
the elasticity of p(θ). The term ỹx, defined for compactness, summarizes the value
generated by an unemployed individual — y for those who draw incomes below
the threshold and s for those who search.

Here, it is clear that the Hosios condition — equality between the bargaining
parameter χ and (the negative of) the elasticity of the matching function ϵp,θ —
ensures that the competitive and planner search thresholds align.

With this baseline established, we can undo our two adjustments to the model
(i.e. modifying the outside option and giving the planner the ability to dictate the
decisions of entrepreneurs) and recover the following thresholds for the unmodi-
fied model.

sc = βθp(θ)
χ(z − ỹc)−(1− χ)(ỹc − ȳ)

1− β(1− λ̃)
(58)

sp = βθp(θ)

(
1 +

1+ϵp,θ
ϵv,pϵp,θ−1

)
(z − ỹp)−

(
1 + 1

ϵv,pϵp,θ−1

)(
λ+ 1−β

β

)
c

p(θ)

1− β(1− λ̃)

Relative to (57), two adjustments appear, one in the competitive cutoff (blue)
and one in the planner’s cutoff (red). These make clear why the previous model
modifications were necessary to generate the Hosios condition exactly. The blue
term appearing in the equation for sc arises as a result of the bargaining proto-
col, which imposes outside options for workers that are different than the options
available to the unemployed. This term adjusts for this fact, leading to a slightly
lower cutoff (i.e. ỹc − ȳ is positive).30

The second modification, appearing in red in the equation for sp, arise from

30As we will see shortly, this term “disappears” once the cutoffs are written in wage terms but,
for now, thinking in terms of productivity behooves comparison between (57) and (58).
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the fact that the planner is now only able to dictate the decisions of households
and, consequently, is constrained by the fact that the number of vacancies posted
responds to changes in the vacancy filling probability p(θ). As a result, the planner
cares about the “net” elasticity of θ with respect to the number of searchers, given
by 1

ϵv,pϵp,θ−1
, which when multiplied by the elasticity of the job finding probability

with respect to θ, 1+ ϵp,θ, yields the net change in the job finding probability due to
a change in search. For the planner, the surplus generated by the marginal searcher
is equal to the surplus generated by the average searcher (z − ỹp) adjusted by this
net congestion effect.

The remaining red terms involving c
p(θ)

also arise as a direct result of the removal
of the planner’s ability to dictate vacancy postings. In the modified model of (57),
the impact of vacancies on entrepreneur consumption was accounted for in the
first-order condition for vacancies. Now that planner can only control θ through
search decisions, this impact is incorporated into the planner’s optimal decision
rule for search (and arises via the same net elasticity 1

ϵv,pϵp,θ−1
). This is the Market

Thickness externality of search.
The final step in bridging the gap between the Hosios condition in (57) and the

decision rule in the full model (i.e. 56) is to write (58) in wage terms using both the
wage bargaining equation (w = χz + (1 − χ)ȳ) and the optimal vacancy posting
condition (z − w − (λ+ 1−β

β
) c
p(θ)

= 0) and do some simple rearranging.

sc = βθp(θ)
w − ỹc

1− β(1− λ̃)

sp = βθp(θ)
w − ỹp

1− β(1− λ̃)
+ τ (59)

τ =
1

ϵv,pϵp,θ − 1

(
(1 + ϵp,θ)(z − ỹp)

1− β(1− λ̃)︸ ︷︷ ︸
Congestion

−
(λ+ 1−β

β
) c
p(θ)

1− β(1− λ̃)︸ ︷︷ ︸
Market Thickness

)

This expression for the cutoffs is, finally, the simplified model’s equivalent of the
search decision rule in Proposition 2 or (more completely) in equation (56). The
expressions for the Congestion and Market Thickness externalities are simpler and
the Firm Size, Capitial Shallowing, and Efficiency externalities are zero as a result
of the simplifying parameter choices. We can then relax these choices one-by-one
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to add these externalities back to τ and eventually end up at the expression in
(56) and, from there, set the Pareto weight on entrepreneurs’ utility to 0 and apply
linear utility (σ = 0) to end up with the expressions in Proposition 2.

D. Details on Model Estimation and Quantitative Exercises
Many model parameters are chosen to match values typical in the macroeco-

nomics, are taken from external sources, or are estimated directly. These are dis-
played in Table D.1, along with their values and sources. The discount rate β is
chosen to match an annual discount rate of 0.95. Because a model period corre-
sponds to two weeks, this is corresponds to a value of 0.95

1
26 . The rate of return

on worker’s savings R is taken to be exogenously equal to 0.9
1
26 . The assumption

that the return to savings is less than one is typical models of developing countries
(see e.g. Donovan 2021, Fujimoto, Lagakos & VanVuren 2023) and representative
of the fact that households in these countries lack access to formal investment with
positive returns. The value of 0.9 matches an annual inflation rate of roughly 10
percent, roughly consistent with World Bank estimates of inflation in Ethiopia over
the last few years; thus the model asset a most closely reflects cash holdings. The
capital share of income is set at 0.33 as is standard.

For the matching function, I use a simple generalized urn-ball matching func-
tion so that p(θ) = 1−e−ζθ

θ
. This particularly choice of functional form is unimpor-

tant beyond the fact that it introduces a free parameter that can be used to target
any desired elasticity for p in the model steady-state.31 Absent detailed estimates
of this elasticity in the context of Addis Ababa and lacking the necessary data to
estimate it, I choose ζ to generate an elasticity of -0.3. This is a fairly typical value
and roughly in line with the estimates of Hall & Schulhofer-Wohl (2018) for the
United States.

The interest rate faced by entrepreneurs is disciplined using World Bank MIX
Market data containing financial information on microcredit providers in Ethiopia.
Yields on loans from microfinance institutions range from 20 percent to 30 percent
with negligible loan loss rates (typically less than one percent). Combining this
rough average of a 25 percent annual return with 8 percent depreciation yields
a depreciation-inclusive user cost of capital of 33 percent annually. This value is
high relative to developed countries but is fairly typical for developing countries

31A functional form exhibiting a constant elasticity, such as Cobb-Douglas, would be ideal, but
the use of discrete time limits sensible choices for p to those that lead both p(θ) and θp(θ) to be
bounded between zero and one.
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(see e.g. Banerjee et al. 2015, who document similar values in multiple countries
including Ethiopia).

Collateral constraints are measured directly using data from the Ethiopian por-
tion of the World Bank Enterprise Survey for the year 2015. The average collateral
requirement reported by firms is slightly larger than 350 percent of loan value,
meaning that a firm that owned 350,000 Birr worth of capital could pledge this
as collateral and finance a loan for an additional 100,000 Birr of capital. Thus the
implied value for γ is 1 + 1

3.5
= 1.29. The Enterprise Survey is also used to esti-

mate the entrepreneur survival probability ∆. Because productivity is constant for
the life of an entrepreneur, entrepreneur death is the only reason that firms will
shutdown in steady state. Consequently, the steady-state distribution of firm ages
is geometric with decay parameter ∆ whose value can be recovered through the
simple maximum likelihood estimation. In this case, the estimate for ∆ is given by
1 − 1

µ̂
where µ̂ is the sample average firm age, yielding an annual value for ∆ of

0.92.
The self employment productivity process also comes directly from data. This

productivity is modeled as a simple binary Markov process, drawing on the fact
that earnings for those without permanent wage jobs are highly bimodal at a fort-
nightly frequency (seen in the high-frequency data of Abebe et al. 2021a, described
below). Such bimodality seems to stem from the fact that opportunities for self
employment (or, often in the case of Addis Ababa, temporary ”gig-style” labor
that functions similarly to self employment), and many individuals report neither
working nor searching in a given period, presumably earning very little.

One advantage on using a binary income process instead of a more typical
AR(1) is that transitions in and out of this idle state can be observed and mea-
sured directly. Using fortnightly data on work and searcher activities (described
in the next section), I estimate the transition probabilities from engaged in self em-
ployment or temporary work to idleness and back. Although there is no reason
for these transitions probabilities to be identical, the estimated value for both is
approximately 11 percent. While average self employment earnings (i.e. the pro-
ductivity parameter As) are estimated using SMM, the ratio of earnings in the low
productivity state to the high productivity state is chosen to match the standard
deviation of self employment earnings observed in the data. In particular, I iso-
late the transitory, idiosyncratic variance of earnings by regressing (log) earnings
on individual and week fixed effects and calculating the standard deviation of the
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residuals (similar to the process employed in Lagakos & Waugh 2013). Condi-
tional on the transition probabilities, there is a one to one correspondence between
the standard deviation of income and the ratio of interest.32. The estimated ratio is
0.38 corresponding to an estimated standard deviation of .48.

Finally, the distribution from which newborn entrepreneurs draw their pro-
ductivity is chosen to be an upper-truncated Pareto distribution (truncated as a
bounded support for productivity is required for steady-state equilibrium to exist
in the model). I set the lower bound of the distribution to a small but arbitrary
number; because entrepreneurs endogeneous shut down below a threshold pro-
ductivity level and the truncated Pareto distribution is scale-invariant, the lower
threshold has no impact on model outcomes as long as it is below the shutdown
threshold. The tail parameter is set to unity. It is worth noting that because of
upper truncation, the mean and variance of productivity remain finite. The upper
bound z̄ is included in the SMM estimation, described in the main text.

Table D.1: Directly Estimated Parameters

Parameter Value Description Source

β .95
1
26 Discount rate Standard value

R .9
1
26 Return to savings 10% annual inflation

α .33 Capital share Standard value

r 1.33
1
26 − 1 Capital cost for entrepreneurs MIX Market

γ 1.29 Collateral constraint World Bank ES

∆ .92
1
26 Entrepreneur death prob. World Bank ES

M(y)

.89 .11

.11 .89

 High and low y trans. Abebe et al. (2021a)

yl
yh

.38 Ratio low to high productivity

This table displays the model parameters that are estimated directly as well as their values and
sources. To help comparisons to typical values, parameters are displayed in annual terms. See the
discussion for details on each parameter.

32For a symmetric transition matrix, as is the case here, this correspondence is given simply by
yl

yh
= e−2σ
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