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Abstract

Self-employed workers account for between 8% and 30% of participants in the labor
markets of OECD countries, Blanchflower (2004). This paper develops and estimates a
general equilibrium model of the labor market that accounts for this sizable proportion.
The model incorporates self-employed workers, some of whom hire paid employees in
the market. Employment rates and earnings distributions are determined endogenously
and are estimated to match their empirical counterparts. The model is estimated using
the British Household Panel Survey (BHPS). The model is able to estimate nonpecu-
niary amenities associated with employment in different labor market states, accounting
for both different employment dynamics within state and the misreporting of earnings
by self-employed workers. Structural parameter estimates are then used to assess the
degree and sources of barriers to entry faced by small self-employed owned firms.
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1 Introduction

This paper develops and estimates an equilibrium model of the labor market that allows

workers to be self-employed. By imposing structure on the career progression of workers and

how wages and employment are determined this paper is able to: (i) give clear results on the

relative nonpecuniary amenities associated with employment in different sectors, taking into

account not just a cross-section of the earnings distribution, but lifetime values associated

with employment in different sectors; and (ii) disentangle the differences in search costs and

productivity between small self-employed owned businesses and large private sector firms,

thus, informing policy makers on the barriers to entry of the self-employed as a source of

job creation.

Hamilton (2000) finds that taking into account within sector earnings growth and with-

out distinguishing between own account self-employed and recruiters, there is a 35% dif-

ferential between median earnings of a self-employed individual and a paid employee with

ten years of experience in the U.S. To rationalize workers’ career choices, “results suggest

that the nonpecuniary benefits of self-employment are substantial”. Critiquing the short-

comings of the existing literature Hamilton (2000) goes on to say “results presented here

are of a reduced form [...] structural estimates of the compensating wage differential, for

example, would require [...] the probability of observing particular employment and earn-

ings sequences”. To my knowledge, this is the first paper that attempts to structurally

estimate the nonpecuniary benefits of self-employment while taking into account different

employment options, including starting and growing one’s own business.

It is not clear which sector has the better employment and earnings profile. On the

one hand, those in paid employment are better exposed to other jobs in paid employment

and can climb the job ladder thusly. However, the self-employed are far more likely to

become recruiters (hire those in paid employment). If their firm successfully grows so will

their earnings. These dynamics are discussed in greater detail in Section 3 and the relative

probabilities of these two occurrences are reported in Table 2.

Another problem with the results presented by Hamilton (2000) is that no account is

taken of the possibility that the self-employed may be systematically misreporting their

earnings. This paper also attempts to address this problem following the methodology of

Hurst et al. (2014), who state that “accounting for the underreporting of income by the

self-employed dramatically reduces the earnings gaps estimated by Hamilton.” Accounting

for different career paths and the misreporting of earnings gives a nonpecuniary benefit of

self-employment relative to paid employment of 27% (24%) of the estimated median wage

of a self-employed agent without (with) employees’. This is less than that which is implied
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by Hamilton (2000).

The identification strategy allows both productivity distributions and search costs to be

uncovered for large private sector firms and small self-employed start-ups. Results suggest

that the production technology of self-employed owned firms is superior to that of large

private sector firms. However, large private sector firms have a great advantage in lower

search costs, made even lower by exploiting economies of scale. Great gains could be made

by a government employment agency by increasing the exposure of small self-employed run

firms to job seekers.

This paper develops a search-theoretic general equilibrium model of the labor market

that incorporates the role of entrepreneurs as self-employed individuals. Since Jean-Baptiste

Say first coined the phrase entrepreneur, their role in an economy has been an open ques-

tion. This paper treats entrepreneurs in a Schumpeterian way, as a source of innovation

(Schumpeter (1934))1.

Agents are ex-ante homogeneous and are exposed to innovative ideas which arrive at

an exogenous Poisson rate that is dependent on their labor market status. Once an agent

gets an idea its quality is drawn from a known distribution and the agent decides whether

to act on it. If they choose to start a business, then depending on the quality of the draw

they may commence attempting to hire workers as paid employees. Both the self-employed

and paid employees are also exposed to a variety of different shocks and all wages and job

arrival rates to paid employment are determined endogenously. This rich setting allows for

a multitude of avenues in which the two sectors are interlinked.

The proportion of total employment made up by the self-employed in the U.K. rose

steadily over the period from 2000-2004. The number of self-employed increased by 8.9%

compared with 0.1% of paid employees. This growth was across gender, region and industry,

Lindsay and Macauley (2004). Over this period the self-employment rate was at 11.5% of

total employment and this large proportion is not unique to the United Kingdom: across

all OECD countries this proportion varied from 8-30%, Blanchflower (2004). Overall em-

ployment, wage determination and dynamics across the two sectors are clearly intrinsically

linked, especially when one also considers that in the U.K. one third of all the self-employed

hire at least one paid employee, Moralee (1998). Considering the size and importance of

self-employment, literature that incorporates it into a model of the labor market is relatively

sparse.

Kumar and Schuetze (2007) develop a model of the labor market that incorporates self-

employment and assess the effect of changes to unemployment insurance and the minimum

1For a comprehensive discussion of the history of economic thought regarding entrepreneurship see
Hébert and Link (1988).

2



wage on labor market equilibrium. Self-employed hire paid employees as in this paper, but

unlike this model there is no wage dispersion within sector nor are there any movements

across sectors. Thus they restrict a direct interaction between the two sectors. Narita (2011)

and Margolis et al. (2012) allow for wage dispersion within sector and structurally estimate

the parameters of their models using data from Brazil and Malaysia, respectively. However,

unlike Kumar and Schuetze (2007) and this paper, the self-employed are restricted to being

own-account workers (they are restricted from hiring). Also, although they allow for more

mobility than Kumar and Schuetze (2007), they still omit any direct transitions between

paid and self-employment.

Although not all concern themselves with self-employment, perhaps the most similar

papers methodologically are Meghir et al. (2012), Bradley et al. (2012) and Millan (2012).

All introduce another sector into an equilibrium labor market setting allowing for a great

deal of mobility between and across sector, be it an informal, public or self-employed sec-

tor. Decisions made by workers depend not only on the wage they are offered but future

prospects associated with the sector. Millan (2012) suggests that self-employment is used

as a route out of unemployment. This paper does not allow for enough mobility to con-

sider this hypothesis; but workers may be encouraged to become self-employed as they face

the opportunity of starting a business which can grow. Only Kumar and Schuetze (2007)

and this paper, entertain the idea of the self-employed as employers and only this paper

distinguishes between the self-employed as own account and recruiters.

This is a general equilibrium model in the sense that the paid employees are hired by

the self-employed or incorporated firms. The behavior of the latter is also endogenously

determined. All wages and earnings are endogenously determined through primitive pro-

ductivity distributions and there is mobility within and between labor market states. The

model is then estimated using the British Household Panel Survey (BHPS) and the param-

eter estimates are used to structurally decompose intrinsic differences between types of firm

and inform policymakers over potential barriers to entry.

The rest of the paper is structured as follows. Section 2 presents and solves the equi-

librium model. Section 3 presents the data, how self-employed earnings are corrected and

the moments used for identification. Section 4 outlines the estimation protocol, a multi-

stepped minimum distance estimator. Section 5 assesses both the in and out of sample fit

of the model to the data. Section 6 presents the results of the estimation. Section 7 looks

at differences in productivity and search costs between the self-employed and large private

sector firms and finally, Section 8 concludes.
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2 The Model

2.1 The Environment

Time is continuous, and at any point there exists a unit mass of ex-ante homogeneous work-

ers and a mass N of private sector firms who are heterogeneous in their level of productivity.

Workers and firms are risk-neutral and discount the future at a rate r > 0. Workers can be

in one of three broad states: unemployment, paid employment or self-employment. They

leave the labor market at an exogenous Poisson rate µ which is independent of their labor

market state; they are replaced with new agents who are born into unemployment. Firms

are infinitely lived.

Paid employment comes from two sources, large private sector firms and self-employed

individuals. Job offers arrive to unemployed agents from firms at a rate λ0 and paid em-

ployees at a rate λ1. Wages are drawn from a known distribution F (·). Job offers can

also arrive from self-employed recruiters at a rate λs0 to the unemployed, and λs1 to the

employed. These wages are drawn from a known distribution F s(·). All job offer arrival

rates and wage offer distributions are endogenous objects. If the worker exits the labor

market, the firm will continue to exist, but with one less worker. Agents are also exposed to

the possibility of having an innovative idea. The rate ideas occur follows a Poisson process

which is dependent on one’s labor market state. Ideas arrive to unemployed agents at a

rate η0 and to paid employees at a rate η1. The quality (productivity) of the idea is drawn

from an exogenous distribution Γ(·). Depending on the draw this will allow workers to

cross the market from unemployment or paid employment and become self-employed. The

reservation productivity of paid employees will depend on their current wage.

Self-employment spells begin as an agent working on his own producing output according

to the draw from Γ(·). There is a search friction in the matching process: hiring workers

takes time. One can think of this as time required for vetting, preliminary training etc. So,

as will transpire, some of the self-employed will wish to hire but are time restricted and

therefore hire at a suboptimal rate.

It is assumed that the self-employed hire at a Poisson rate hℓ, where h is exogenous and

constant for all firms (independent of size and productivity) and ℓ is the size of the firm, and

can take any positive integer value. Thus, by construction, the growth of a firm adheres to

Gibrat’s law. The rate of hiring is proportional to the firm size as the hiring process requires

a certain amount of work. Larger firms can share this workload over a greater number of

workers and hence the rate of hiring increases proportionally with the size. In a way akin to

Coles and Mortensen (2011), the size of the firm ℓ will follow an endogenously determined

Markov process.
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Finally, the model is derived in a steady-state. The stocks of agents in each of the three

states are constant over time as are the distributions of firm size, productivity amongst the

self-employed and the distribution of wages amongst the paid employees. To solve the model

one needs to: (i) derive the value functions of the three states; (ii) derive reservation levels

for which workers change states; (iii) calculate the size of each state and derive the ergodic

distributions of wages and productivity within states; (iv) derive the profit maximizing wage

policy of large private sector firms.

2.2 Value Functions

Workers can be in one of five states: paid employment in a large firm; unemployment; paid

employment, employed by a self-employed recruiter; own account self-employment (working

alone); and recruiting self-employment (hiring paid employees). In all states workers are

maximizing their lifetime income discounted at a rate r. The following subsections derive

the lifetime values for each state.

2.2.1 Paid Employees

A paid employee, employed by a large firm has two sources of revenue flow from employment,

a basic wage and a nonpecuniary amenity, which ex-ante can be positive or negative; it is

measured relative to being a self-employed worker. As well as the revenue flow of income and

amenity, the value function of a paid employee has the option value of transiting into other

states, namely the option value of unemployment, higher value paid employment (employed

by firm or a self-employed agent) and self-employment. At any point there is a possibility

thst the agent exits the labor force. All future revenue flows are discounted at a rate r.

The value function for a paid employee earning a wage w in a large firm is given by2:

(r + µ)W (w) = w + a+ µ [U −W (w)] + λ1EF max [W (x)−W (w), 0]

+ η1EΓmax [S(z)−W (w), 0] + λs1EF s max [W s(x)−W (w), 0] (1)

An individual exits to unemployment at a rate µ. This is the same as the exit rate from

the labor force for an individual.3 They receive other job offers from firms at a rate λ1

and they have innovative ideas at a rate η1. If the idea is sufficiently good, they leave to

2
EF max [W (x)−W (w), 0] =

∫
max [W (x)−W (w), 0] dF (x) ; EΓ max [S(z)−W (w), 0] =∫

max [S(z)W (w), 0] dΓ(z) and EF s max [W s(x)−W (w), 0] =
∫
max [W s(x)−W (w), 0] dF s(x)

3The motivation for this is to keep parity in the treatment of paid employees in large firms and small
self-employed owned firms, a distinction that is not observed in the data. Since workers exit self-employed
firms at the rate the self-employed individual exits (µ), so the job destruction rate in large private sector
firms is also set at µ.
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self-employment with a labor force of size one, themselves. They also may receive job offers

from self-employment. These arrive at the rate λs1.

The value for unemployment is given by equation (2), where b is the flow value of

uenmployment, relative to self-employment.

(r + µ)U = b+ λ0EF max [W (x)− U, 0] + η0EΓmax [S(z)− U, 0]

+ λs0EF s max [W s(x)− U, 0] (2)

If a paid employee is hired by a self-employed agent, they face very different opportunities

from that if they are employed by a large firm. Firstly, as the firm is relatively small it

is assumed that the actions of the workers are observable to the self-employed recruiter.

Thus the worker spends no time searching for other jobs or thinking about innovative

ideas. Therefore in addition to exiting the labor market, the only other potential transition

facing the employee is to unemployment. Like a paid employee in a large firm, the amenity

associated with paid employment in a self-employed owned firm is given by the flow benefit

a. The value function for a paid employee earning w working for a self-employed recruiter

is:

(r + µ)W s(w) = w + a+ µ [U −W s(w)] (3)

2.2.2 The Self-Employed

All self-employed agents start their self-employment spell as an own account worker. That

is they employ only themselves. If an agent aims to recruit workers they will arrive at a

rate hℓ, where ℓ is the integer number of employees they already have. Workers, will quit

the firm at a rate µ. Thus the size of a self-employee’s labor force will follow a Markov

process. The only search friction that exists for a recruiter is that hiring is a time consuming

process. For a firm with an integer number of employees ℓ, it takes an estimated time 1
hℓ

to hire a worker. Unlike the Burdett and Mortensen (1998) model, a higher wage neither

increases the rate of recruitment nor retention. For ease of exposition it is assumed that

the self-employed never exit self-employment for unemployment.

To begin with, it is assumed that it is in the interest of a self-employed individual to

recruit workers. Then at the start of his spell in self-employment he produces his own

output, his productivity and at a rate h will hire a worker. The value function for a newly

self-employed agent of productivity y who intends to recruit is given in equation (4), where

R(y, 1) is the value of a self-employed individual with productivity y and one employee.

6



(r + µ)S(y) = y + h [R(y, 1) − S(y)] (4)

If a self-employed agent does find a worker, he foregoes his own output in order to

manage the newly created firm. However, the production per worker is now βy, where

β > 0. Any worker employed produces output using the self-employed agent’s technology

(βy) and receives an endogenously determined wage, w⋆(y, ℓ). Intuitively one might expect

β > 1, as the firm has management oversight, however a priori it is only assumed β > 0.

(r + µ)R(y, 1) = βy −w⋆(y, 1) + h [R(y, 2)−R(y, 1)] + µ [R(y, 0)−R(y, 1)]

...

(r + µ)R(y, ℓ) = (βy − w⋆(y, ℓ)) ℓ+ hℓ [R(y, ℓ+ 1)−R(y, ℓ)] + µ [R(y, ℓ− 1)−R(y, ℓ)]
(5)

The recruiter sets w⋆(y, ℓ) to maximize his present discounted value. Since posting

vacancies and hiring is costless (other than time) there is no incentive to pay higher wages

to attract workers. In addition, the recruiter does not need to pay a higher wage to retain

his workers, as there is no moral hazard problem. He observes them not looking for other

jobs or innovative ideas. He cannot, however, pay them nothing; he must pay a sufficiently

high wage such that some workers want to be employed. That is W s(w⋆(y, ℓ)) ≥ U ; a

worker must be at least as well off in paid employment than they are in unemployment.

The recruiter’s problem is:

max
w⋆(y,ℓ)

R(y, ℓ) subject to W s(w⋆(y, ℓ)) ≥ U (6)

Since the value of recruitment decreases with the wage rate, the optimal wage is inde-

pendent of y and ℓ and solves the equality W s(w⋆) = U . An explicit solution will be given

for w⋆ in the next section.

Further, it is assumed that if a recruiter has just one employee, if that employee leaves

the firm, the firm and the self-employed individual ceases to exist (retires) then R(y, 0) = 0.

With this in mind, it is trivial to see that:

R(y, ℓ) = ℓR(y, 1) (7)

Thus equation (5) simplifies to:

R(y, 1) =
βy − w⋆

r + 2µ − h
(8)

Substituting equation (5) into equation (4), one can obtain the recursive solution for

the value of becoming self-employed with productivity y:
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S(y) =
y(r + 2µ+ h(β − 1)) − hw⋆

(r + 2µ− h)(r + µ+ h)
(9)

However, it is not clear whether it is in the interest of the self-employed to hire any

paid employees. They have to forfeit their own production and increase their chance of

going under. Looking at equation (9), as the wage they pay their employees increases, the

value of self-employment with the intention to recruit decreases. The value function of a

self-employed individual of productivity y to remain an own account worker will be just

their output, which they get indefinitely (unless they exit the labor market).

(r + µ)SO(y) = y (10)

For an individual not to set about recruiting, the option value of having one worker must

be negative. A self-employed individual with productivity y will aim to recruit workers iff

R(y, 1) ≥ S(y). Thus, the self-employed will aim to recruit iff:

y ≥
w⋆(r + µ)

(β − 1)r + (β − 2)µ + h
= ψ1 (11)

So the value function for a newly self-employed agent can be expressed as:

S(y) =

{

y
r+µ if y < ψ1
y(r+2µ+h(β−1))−hw⋆

(r+2µ−h)(r+µ+h) if y ≥ ψ1
(12)

2.3 Reservation Strategies

A worker’s strategy can be characterized by a set of reservation values which depends on

his current labor market state.

The wage a paid employee receives in a large firm that makes him indifferent between

becoming self-employed of productivity y and remaining in paid employment is defined as

φ(y). Similarly the productivity a paid employee will require to enter self-employment is

ψ(w). These functions solve the equalities:

S(ψ(w)) =W (w) S(y) =W (φ(y)) (13)

Using the above two equations:

S(y) =W (φ(y)) = S(ψ(φ(y))) (14)

Thus,

y = ψ(φ(y)) (15)
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Hence, given monotonicity of the value functions, ψ and φ are reciprocals of one another.

Similarly, the wage that makes an unemployed agent indifferent between continuing unem-

ployment and being employed by a large firm is φ0 and solves the equality W (φ0) = U , and

the productivity of an idea that makes an unemployed agent indifferent between continuing

unemployment and being self-employed at that productivity is ψ0 and solves the equality

S(ψ0) = U . Clearly, ψ(φ0) = ψ0.

To find solutions for these reservation strategies, it is convenient to begin by simplifying

the value functions for workers: Firstly, W s(w) =W s, as F s(·) is a degenerate distribution

at w⋆. Since W s = U , a worker never gets a positive option value from being employed

by a self-employed recruiter, therefore it conveniently drops out of the Bellman equations.

Finally, in calculating the expectation, one can integrate by parts, where the overscore

on the distribution represents the survival function, for example, F (·) = 1 − F (·). Thus

equations (1), (2) and (3) simplify to (16), (17) and (18), respectively.

(r + µ)W (w) = w + a+ µ [U −W (w)] + λ1

∫

w

[

W ′(x)F (x)
]

dx

+ η1

∫

ψ(w)

[

S′(z)Γ(z)
]

dz (16)

(r + µ)U = b+ λ0

∫

φ0

[

W ′(x)F (x)
]

dx+ η0

∫

ψ0

[

S′(z)Γ(z)
]

dz (17)

W s =
w⋆ + a

r + µ
(18)

Solutions for ψ0, φ0 and an ODE defining φ(y) are provided in Appendix A.1.

2.4 Steady State

The model is derived at steady state. A steady state is defined as a constant share of agents

in each labor market state, and the distributions of wages amongst the paid employees, the

productivity amongst the self-employed and the distribution of employment size amongst

recruiters are all stationary.

The steady state is defined by equations (19) through (22). The sum of all agents in the

economy is equal to unity. The flow into unemployment (including the birth of new agents

at rate µ) equals the outflow. The flow out of self-employment (paid employment) below a

productivity y (wage w) is equal to the flow into self-employment (paid employment) below

a productivity y (wage w). As well as this, the distribution of labor force size amongst self-

employed recruiters that is dictated by a Markov process has reached its ergodic distribution.
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This last object is denoted as Σ(ℓ); it is the measure of recruiters and those who intend to

recruit hiring an integer ℓ workers.

An agent can be in one of three broad states and the sum of agents is equal to unity:

they can be unemployed, in paid employment (by a large firm or a self-employed recruiter)

or in self-employment. One could also differentiate further, defining those self-employed,

recruiting or with the intention to recruit and those who are own account workers.

Nu + (Nf
e +N s

e ) +Ns = 1 (19)

The flow out of unemployment, the left hand side of equation (20) is made up of four

flows. In the order they are expressed they are: those leaving to paid employment in large

firms; those leaving to be self-employed; those exiting the labor force; and those becoming

employed by small self-employed recruiters. This last flow is equal to hN s
e +hΣ(0). The rate

at which the self-employed hire is equal to hmultiplied by the total number of agents engaged

in hiring, that is all the employees (N s
e ) plus the recruiters who are yet to hire any workers

(Σ(0)). The flow exclusively comes out of unemployment as anyone in paid employment (by

large firms) would reject any offer. The flow into unemployment is comprised of all the new

entrants into the labor market plus the paid employees whose employers have exited the

labor market. New entrants arrive at a rate that exceeds µ, µ(1 + Σ(1)). Firms of size one

have a double coincidence of exiting the labor market, as discussed earlier. Both partners

leave if either are hit by the shock.

Nu

(

λ0 + η0Γ(ψ0) + µ
)

+ h(N s
e +Σ(0)) = µ+ µΣ(1) + µ(N s

e +Nf
e ) (20)

Equation (21) equalizes the flow in and out of self-employment below a productivity y. Γ(·)

is the primitive distribution in which agents draw the productivity of their ideas from and

Γs(·) is the distribution of productivity amongst the self-employed, an endogenous object.

The inflow into self-employment, the right hand sides of equation (21), comes from those

from unemployment and those in paid employment (by large firms). If the latter are earning

a wage w they must get an innovative idea of greater than productivity ψ(w). The self-

employed only exit their state to being out of the labor force. This exit rate increases once

they start recruiting. Hence the equation is split either side of y = ψ1. If they have one

employee they will cease to exist if that one employee exits the labor force. The proportion

of self-employed recruiters with exactly one employee is given by Σ(1)

NsΓs(ψ1)
.
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For y < ψ1:

NsΓs(y)µ = Nuη0 [Γ(y)− Γ(ψ0)] +Nf
e η1

∫ φ(y)

φ0

[Γ(y)− Γ(ψ(x))] dG(x)

and for y ≥ ψ1:

NsΓs(y)µ+Ns (Γs(y)− Γs(ψ1))
µΣ(1)

NsΓs(ψ1)

= Nuη0 [Γ(y)− Γ(ψ0)] +Nf
e η1

∫ φ(y)

φ0

[Γ(y)− Γ(ψ(x))] dG(x) (21)

For those in paid employment in large firms below a wage φ(y), agents exit paid em-

ployment to unemployment at a rate µ, they exit the labor force entirely also at a rate µ.

They find higher paid jobs in large firms at a rate λ1F (φ(y)). Paid employees can also exit

to self-employment; they get an innovative idea at a rate η1 and will act on it depending

on their current wage and the quality of the draw they get from Γ(·). The inflow is entirely

from unemployment.

Nf
e G(φ(y))(2µ + λ1F (φ(y))) +Nf

e η1

∫ y

ψ0

Γ(z)dG(φ(z))

= Nuλ0F (φ(y)) (22)

Equations (19), (20), (21) and (22) are solved simultaneously do the endogenous objects

(N s
e , Nu, N

f
e G(φ(y)), NsΓs(y)). These coupled with the distribution Σ(ℓ) define the steady

state allocation of agents. The solution for these objects is provided in Appendix A.2.

2.5 Private Sector Firms

Private sector firms are large and infinitely lived. The law of large numbers is employed

and they are modeled following Bontemps et al. (2000). This paper considers the familiar

equilibrium where firms post wages and commit to those wages for their lifetime. The higher

the wage a firm posts, the larger the firm (fewer quits and more hires); this is at the cost

of making less profit per worker. As pointed out by Coles (2001) this is not a dynamically

consistent wage posting strategy without commitment on wages. To see this, imagine a firm

has grown to its steady state size. Rather than posting its optimal wage w, it will be strictly

better off to pay its worker’s reservation wage φ0. Over a period dt → 0 no workers will

quit and the firm will make strictly greater profits. Coles (2001) identifies a dynamically

consistent equilibrium without relying on commitment. Interestingly, the wages posted

by self-employed recruiters is a dynamically consistent strategy, without having to rely on

commitment.
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There exists a [0,N] continuum of infinitely lived private sector firms who are profit

maximizers and heterogeneous in their level of productivity, p, where p ∼ B (·). Each

firm has the same exposure in the labor market and all receive a mass of contacts at an

exogenous Poisson rate hf . Unlike self-employed recruiters, it is assumed that large private

sector firms are in some way detached from the labor market and cannot target a specific

subgroup of job seekers. Thus not every contact is associated with a hire. The steady state

size of a firm posting a wage w is therefore a function of the proportion of contacts it makes

that accept the offer, a(w), and the number who are in employment and quit ∆(w).

a(w) =
λ0Nu + λ1N

f
e G(w)

λ0Nu + λ1Ne

∆(w) =µ+ λ1F (w)

The size of a firm posting a wage w, is given by ℓf (w) and solves the flow balance

equation:

ℓf (w)∆(w) = hfa(w) (23)

By setting a wage w, a firm of productivity p will be of size ℓf (w) and thus have total

profit given by:

max
w≥φ0

π (w; p) = (p− w)
hfa(w)

∆(w)
(24)

The firm’s problem is solved by the first order condition:

p− w⋆ =
a(w⋆)∆(w⋆)

a′(w⋆)∆(w⋆)− a(w⋆)∆′(w⋆)
(25)

Thus if wages are increasing in productivity, then one can infer that F (w) = B (p (w)),

where the relationship p (w) is given by (25) and B(·) is the cumulative distribution of

productivity amongst large private sector firms. Thus the distribution of wage offers in the

private sector, F (w) can be retrieved if we know the distribution of productivity across

firms.

To close the model, labor demand is fully endogenized. The total number of contacts

from firms that workers receive is given by:

M = λ0Nu + λ1N
f
e

The total jobs offered by firms is the product of the mass of firms and the number of

contacts made per firm, Nhf . Assuming there is some additional friction (if κ < 1) in

looking for a job while employed by a λ1 = κλ0 then the arrival rate of job offers from

private sector firms to unemployed agents is given by:
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λ0 =
Nhf

Nu + κN
f
e

(26)

2.6 Equilibrium Characterization

Given exogenous parameters r, a, b, µ, η0, η1, h, β, κ,Γ(·), B(·), N, hf : an equilibrium is char-

acterized by the following conditions: (i) agents behave optimally in their career decisions,

solutions to φ0, ψ0, ψ1 and φ(y); (ii) the economy is in steady-state, the inflow from a

given state equals the outflow, solutions to Γs(·), G(·), Nu, N
f
e , N s

e , Ns and Σ(ℓ); (iii) large

private sector firms and self-employed recruiters offer their workers’ wages optimally, w(p)

and w⋆ and (iv) when firms behavior is aggregated the wage offer distribution F (·) and the

offer arrival rates λ0, λ
s
0 and λ1 are determined. Attention is restricted to a specific class of

equilibrium, where, self-employed individuals exist, some of whom recruit paid employees.

To guarantee this equilibrium, the exogenous parameter space needs to be constrained.

For an equilibrium to exist with self-employed recruiters: Assumptions 1 and 2 are required.

Assumption 1 h ∈ (0, r + 2µ): Assuming the value of unemployment is positive, U > 0.

Therefore, for an individual to consider self-employment as a viable option it must also yield

a positive value. A recruiter with one employee has value given in equation (8). Clearly, he

must make positive profit per worker (βy > w⋆)

R(y, 1) =
βy − w⋆

r + 2µ − h

For the above to be positive h < r+2µ, since h is a Poisson arrival rate it is non-negative,

and for recruiters to exist, a positive number of workers must be hired, thus h ∈ (0, r+2µ).

Assumption 2 β > r+2µ−h
r+µ .: Let SO(y) be the value of a self-employed agent with no

intention to recruit and SR(y) be the value of an own account self-employed agent who

intends to recruit.

S(y) = max(SO(y), SR(y)), since both are linear in y, and SO(0) > SR(0), for SO(ψ1) =

SR(ψ1) for a unique ψ1, S
′
R(y) > S′

O(y), thus,

(r + 2µ+ h(β − 1))

(r + 2µ− h)(r + µ+ h)
>

1

r + µ

and so, β >
r + 2µ − h

r + µ

Identification Result: A sufficient condition for the existence of recruiters is β > r+2µ
r+µ
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If h is not known and β, r and µ are if β > maxh

(

r+2µ−h
r+µ

)

then self-employed recruiters

must exist. This expression is maximized when h is minimized, therefore from Assumption

1, a sufficient condition for self-employed recruiters existing is:

β >
r + 2µ

r + µ

Class of Equilibrium: The equilibrium is restricted to one where self-employed recruiters

exist. Clearly, some self-employed will be own account workers. These can fall into two

categories either they are own account workers, but because of the frictions present in the

market, as yet, they have been unable to hire anyone. Or, they are own account workers with

no intention to recruit. For the latter type of agents to exist it is required that S0(y) > SR(y)

for some y and because S′
R(y) > S′

O(y) for all y, this is equivalent to SO(ψ0) > SR(ψ0).

Since, one cannot restrict attention to either class as neither can be invalidated by data

any simulation of the model needs to repeatedly check in what equilibrium it is in. One

where, all self-employed intend to recruit or one where some self-employed intend to stay

own account indefinitely.

3 Data

The model described is estimated using the British Household Panel Survey (BHPS). It is

identified using transition rates across labor market states, the earnings of paid-employees

and own-account workers, the distributions of the numbers of employees of self-employed

recruiters and of private sector firms and of information regarding the occupation and sector

of individuals. All this information is contained in the BHPS.

Exogenous parameters are estimated by indirect inference. The principle of indirect

inference is to find values of the structural parameters that minimize a function of the

difference between a chosen set of moments from the data and data simulated with these

values of the structural parameters.

Of the exogenous parameters, the only one that is not estimated is the discount rate r.

r is calibrated as equal to 0.0043, which is the monthly (continuous time) equivalent of a

5% annual rate. In order to estimate the distribution from which the self-employed draw

their level of productivity, a parametric assumption is made. It is assumed that Γ(·) follows

a log-normal distribution with the mean and standard deviation of the associated normal

given by my and sy. Thus, the rest of this section concerns itself with the estimation of the

vector of exogenous parameters θ:

θ =
(

h, η0, η1, µ, β,my , sy, a, b, κ,B(·), hf , N
)

(27)
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The rest of the data section is split into two parts. In the first part, the paper follows

Hurst et al. (2014) in estimating the degree to which the self-employed under report their

income in survey data. This estimate is then used to correct for misreporting in the sample

used for estimation, which is described in the second part.

3.1 The Misreporting of Income by the Self-Employed

The data on income that is relied upon in the estimation is collected from survey data.

While there are no clear incentives to lie about ones income in a survey, where there would

be, to say, tax authorities, there exists a literature that suggests people answer or behave

differently when being studied. This is commonly known as the Hawthorne effect.4 To

calculate the degree of misreporting, this subsection follows the methodology proposed by

Hurst et al. (2014). Relying on consumption and income data, which is obtained from the

Expenditure and Food Survey (EFS), information is obtained about total personal weekly

consumption, gross weekly income, the employment status of the individual and a variety

of demographic information. The sample is restricted to males in employment.

There are four identifying assumptions that allows the uncovering of the degree of mis-

reporting. The income and expenditure relationship is governed by the log-linear Engel

curve. Self-employed agents systematically misreport their earnings by a factor κs, it need

not be assumed that κs ≤ 1 and paid employees provide an unbiased reporting of their

income. Finally, both the self-employed and paid employees provide unbiased reports of

total expenditure.

Following the notation of Hurst et al. (2014), k, denotes the employment status, (k = S)

implies an individual is self-employed and (k =W ) implies he is a paid employee, individual

i has preferences that generate the log-linear Engel curve given by equation (28).

log cik = α+ β log ypik +Θ′Xik + ǫik (28)

y
p
ik is the permanent income of individual i in labor market state k, β is the income

elasticity and Xit is a vector of demographic controls. The vector of controls include: a

series of five year age dummies; a dummy for if the individual is white; a dummy for if

the individual is married; and the number of children an individual has. Estimating (28)

is problematic as the self-employed are systematically misreporting their income and the

income that is observed is an individual’s transitory rather than permanent income. It is

4For a comprehensive assessment of this phenomena, see Levitt and List (2011).
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assumed that reported income is governed by:

log yiW =log ypiW +Ω′XiW + υiW (29)

log yiS =log κs + log ypiS +Ω′XiS + υiS (30)

It is assumed that υ has mean zero and is orthogonal to the unobserved determinants of

consumption ǫ. The self-employed are also systematically misreporting their income by a

factor κs. Rearranging equations (28), (29) and (30), κs can be estimated from the following

expression:

log cik = α+ β log yik + γDi +ΨXik + ξik (31)

Di is a dummy variable taking the value one if individual i is self-employed, Ψ = Θ−β′Ω

and the unobservable component is given by ξik = ǫik − βυik. Even in the absence of

measurement error, transitory income fluctuations governed by equations (29) and (30)

introduce attenuation bias in the estimate of β since E[log yikξik] 6= 0. To overcome this

problem, the age at which an individual left full time education is used as an instrument for

reported income. Year left education is split into five categories: left before 16; left at 16

or 17; left at 18; left at 19 or 20; and left at 21 or over. Thus, for these instruments to be

valid it is assumed that education affects consumption only through changes in permanent

income. Finally, the fraction of income that the self-employed report, κs can be backed out

by κs = exp(− γ
β
), the results of κs, γ and β are given in Appendix A.3, using ordinary least

squares and the preferred instrumental variables estimation procedure.

3.2 The Sample

The data used in the analysis are taken from the BHPS, a longitudinal dataset of British

households. Data were first collected in 1991, but attention is restricted to five waves

covering the period from 2004 to 2008. The sample comprises of prime-age (21-60) white

male low-skilled workers. Low-skilled is defined as not having obtained A-level qualifications.

These are the highest qualifications available for students aged 18 in the UK, before they

enter higher education. A worker is an individual who is never inactive in the period looked

at, if out of work, they declare themselves to be actively seeking work. The hourly earnings

distribution is adjusted by treating the bottom and top 2.5% of the distribution as missing,

hopefully ridding the sample of erroneously reported earnings.

Data is homogenized to include only low-skilled workers as agents are ex-ante homoge-

neous so it’s important they are of similar skill in the data. Implicitly, it has been assumed

that agents are exposed to employment opportunities at the same rate within a labor mar-

ket state. This seems less of an imposition on the data for low-skilled workers, as many high
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skilled professions exist where agents become self-employed more frequently. Information

on cross sector differences in employment, hours worked and earnings, adjusted according

to Section 3.1 and in raw form are reported in Table 1.

Table 1: Composition

Paid Own- Recruiter

Employment Account

Employment Share 82.8% 12.6% 4.6%

Mean Hours Worked per week 40.39 43.34 51.68

Raw Data

Mean Earnings 10.69 9.34 11.14

Standard dev. of Earnings 3.88 5.81 10.44

Adjusted Data

Median Earnings 9.92 13.20 14.93

Mean Earnings 10.69 15.71 18.72

Standard dev. of Earnings 3.88 9.76 17.55

Note 1:Employment shares are measured as the proportion employed in that state amongst all those

employed.

Note 2:Earnings are measured in £/ hour.

There are a number of points worth noting from Table 1. There is a non-negligible share

of recruiters, consistent with the findings of Moralee (1998), with approximately one third

of self-employed agents hiring paid employees. The self-employed work longer hours than

their paid employee counterparts and the recruiting self-employed work significantly more

still. There is a clear ordering in the second moment of the earnings distribution across the

three labor market states irrespective of whether one looks at the raw or the adjusted data.

The ordering of the first moment is ambiguous however; the preferred specification that will

be used here is the adjusted data. Looking at the large implied differences, the importance

of correcting for the misreporting of earnings is evident. The ranking of the second moment

of the earnings distribution is not targeted in the estimation, but is still replicated by the

theoretical model.

Table 2 shows monthly worker turnover observed in the data. For the most part, the

cells of table 2 are self-explanatory. The diagonal elements are all unobservable with the

exception of workers changing jobs within paid employment. Although it is possible that a

business goes bust and one instantly starts up a new one, this phenomenon is not possible

to observe using the BHPS so transitions within specific self-employment states are not

reported. Looking at Table 2 it is evident that the self-employed are more entrenched

within their labor market state than paid employees and far less than the unemployed. If it
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is assumed that any transition to unemployment is involuntary, a transition from a recruiter

to an own account worker is also involuntary and all others are voluntary. The probability a

paid employee makes a voluntary transitions in a given month (1.19%) is almost 50% higher

than an own account worker (0.83%) and almost three times that of a recruiter (0.43%).

Although paid employees seem more exposed to other paid employment opportunities. They

are extremely unlikely to become a recruiter directly. An own own account self-employed

individual is 27 times more likely to hire an employee that someone in paid employment. It

is therefore difficult to assess the relative future employment prospects of paid employees

compared with the self-employed.

Table 2: Transition Matrix

Unemployment Paid Own Recruiter

Employment Account

Unemployment — 0.0908 0.0066 0.0019

Paid Employment 0.0038 0.0108 0.0010 0.0001

Own-Account 0.0011 0.0056 — 0.0027

Recruiter 0.0007 0.0043 0.0108 —

Note 1: Transition rates are (continuous time) monthly. Rows do not add up to one. The entries along the

diagonal are the fractions of individuals changing jobs within their current labor market status

It seems sensible to report which transitional moments will be used in the estimation

procedure to follow. All possible rates are included in Table 2, the rates in bold are those

that the estimator attempts to match and the italicized numbers are the ones that the model

is unable to generate. Of the transitional moments omitted, the rate at which a recruiter

transits to being an own account worker is the most glaring. In a given month there is a 1%

chance of a recruiter losing its workforce and becoming an own account worker. This model

is not able to generate this in order to keep the result that a recruiter’s value is proportional

to the number of employees it has, equation (7), which helps the tractability of the model.

Also, while 1% seems large, in fact, from Table 1 just 4.6% of employed individuals are

recruiters so this translates into very few transitions missed.

The parameter h is identified using the transition rate from own account self-employed

to becoming a recruiter. Since the employee size distribution of self-employed recruiters is

governed by only µ and h, this could be an alternative source of identification, conditional

on µ. The firm size distribution amongst private sector employers is used to identify hf ,

the volume of vacancies a single firm posts. The BHPS asks the self-employed how many

employees it has and the paid employees how many other people work in their place of

work. These numbers are grouped into size bins and from the latter it is difficult to infer
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the size distribution of private sector firms. Therefore, purely for comparison, data on firm

size from the Office of National Statistics (ONS) in the midpoint of the sample is used.

The downside of comparing the size distributions in Tables 3 and 4 is that the size

bins do not correspond to one another. The cumulative firm size distribution at employee

sizes 9, 49, 99, 499 and 999 can be compared. There appears to be a greater proportion

of small firms run by individual self-employees than the population of private sector firms,

86.1% of self-employed run firms have less than 10 employees, compared with 82.02% of

all firms. Similarly, 96.69% of all self-employed owned firms have less than 50 employees

compared with 96.4% of all firms. However, at some point between 49 and 99 employees,

the two cumulative distributions appear to intersect, with less than 100, 500 and 1000

employees in all firms (self-employed firms) account for 98.41% (96.69%), 99.84% (98.01%)

and 99.96% (98.68%), respectively. My feeling is that the greater proportion of self-employed

in the upper tail is associated with a small sample bias that over represents the tails of the

distribution. For example, if one were to omit the three highest reported firm sizes amongst

the self-employed then there would appear to be stochastic domination of the distribution

of the size of all firms over those self-employed. It is also further evidence of insufficient

data that there is an observed hole in the size distribution, between 50 and 99 workers. To

my knowledge, there is no paper that looks at this relationship in close detail. To do so, it

is my impression that a more comprehensive dataset than the BHPS is needed.

Table 3: Private Sector Firm Size distribution
2006

Firm size # of firms Percent

Total 2,084,495 100

0-4 1,391,960 66.78

5-9 317,745 15.24

10 - 19 178,820 8.58

20 - 49 120,870 5.80

50 - 99 41,905 2.01

100 - 249 23,100 1.11

250 - 499 6,740 0.32

500 - 999 2,440 0.12

1000 or more 915 0.04

Source: ONS.

Table 4: Self-employed recruiter’s size distri-
bution 2004-08

Firm size # of firms Percent

Total 151 100

1-2 65 43.05

3-9 65 43.05

10 - 24 15 9.93

25 - 49 1 0.66

50 - 99 0 0

100 - 199 1 0.66

200 - 499 1 0.66

500 - 999 1 0.66

1000 or more 2 1.32

Source: BHPS.

The empirical strategy will also exploit variation in employment within industry clas-

sification. Table 5 presents the number of people in each labor market state for each one
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Table 5: Number Employed by Industry

four digit # Paid # Own # Recruiters

industry code Employees Account

0000 - 0999 10 8 13

1000 - 1999 33 0 0

2000 - 2999 51 5 0

3000 - 3999 181 12 6

4000 - 4999 188 8 10

5000 - 5999 115 70 14

6000 - 6999 182 13 30

7000 - 7999 168 30 0

8000 - 8999 106 9 16

9000 - 9999 184 37 13

digit industry classification5.

Without detailing exactly which industries are contained within each industry code it

is worth noting that there are large differences in the share of workers across different

industries. Those coded between 0000-0999 are involved in farming and fishing, and one

would expect this to be conducive with high rates of self-employment. Considering the

number of recruiters is larger than the number of paid employees one would also expect the

paid employees to be largely (or entirely) hired by self-employed recruiters. Other industries

with very large barriers to entry are over represented by paid employees. Those involved in

the refining and production of coke and petroleum (1000-1999) in the sample are entirely

in paid employment and 91.2% of those who are involved in the manufacturing of plastic

and rubber (4000-4999) are paid employees.

4 The Estimation Protocol

Defining a likelihood function is infeasible, so instead, the model is estimated using a sim-

ulated generalized method of moment’s estimator (SGMM). The estimation is performed

over four broad steps. The reason a multi-stepped estimation is implemented is because it

makes clear the source of identification for the moments. It also aids the estimation in not

allowing the constraints put on the parameter space in Section 2.6 to be violated.

5Industry classification are based on “The Standard Industrial Classification of economic activities 1992”.
They can be found by visiting url: http://www.ons.gov.uk/ons/guide-method/classifications/archived-
standard-classifications/uk-standard-industrial-classification-1992–sic92-/index.html
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4.1 Stage 1: instantaneously observables

Some parameters of the model are instantly observable. In this step the exogenous pa-

rameter µ and β are estimated as are the endogenous parameters F (·), ψ0 and w⋆. It is

convenient to estimate these and ensure equilibrium is always met by treating B(·), b, and

a as free parameters. This is done by computing B(·), b and a such that equations (25),

(38) and (36) are satisfied respectively. µ is identified as the rate paid employees transit to

unemployment, given in Table 2. The theoretical counterpart to this moment is given by,

1− exp(−µ).

F (·) is directly observable as the wage distribution for those who have transited into paid

employment straight from unemployment. Note, strictly speaking this also includes those

hired by the self-employed. To keep these to a minimum, only those transiting to a sector

with fewer than 10% of employment made up by recruiters are considers. Examination of

Table 5 reveals this means omitting those who gained employment in sectors with one digit

industry code zero, six or eight. ψ0 is the minimum observed earnings amongst the own

account self-employed.

Notice φ0 has not been identified as the minimum wage observed in the economy. The

rationale for this is while the minimum productivity job is observable; it may be that

large firms are not able to offer workers their reservation wage because of pay legislation.

Therefore equation (34) is solved for iteratively and the solution is strictly less than the

observed minimum wage.

The wage paid to paid employees in self-employed owned firms is given by w⋆. To identify

this, the heterogeneity in employment shares across industry is exploited. Recalling Table

5, in this sample, the farming and fishing sector has more recruiters than paid employees.

Clearly, this cannot be the case in the whole population, but it is indicative that at least

the majority of paid employees in this sector are being hired by self-employed agents. The

model implies that there will be no dispersion in wages paid by the self-employed. While

this is not quite true, there is less dispersion in wages paid in this sector than the economy

at large.

Table 6: Wages in Farming and Fishing

Observations Mean Standard Dev. Minimum Maximum

9 6.66 1.26 4.97 9.13
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This endogenous parameter w⋆ is identified by relatively few observations6 and therefore

one would expect it is observed with little precision. If this is the case, it will inevitably be

picked up later, as all inference is based upon resampling the data and re-estimating the

model.

The final step is to identify β. There are some instances where one can observe an

individual transiting from being an own account worker to a recruiter. There are even

fewer where earnings either side of this transition are also observed. Table 6 presents the

distribution of earnings before and after one starts to recruit.

Table 7: Self-employed Earnings Dynamics

Labor Market State Observations Mean Standard Dev. Minimum Maximum

Own Account Worker 6 13.59 6.51 3.49 18.23

Recruiter 6 20.53 23.59 2.16 66.32

It is interesting that for the same individuals, the mean of earnings increases after they

begin hiring. Something that cannot be rationlized by this model without β > 1. Amongst

these firms, the mean productivity (y) is the mean of earnings amongst the own account

workers and βy−w⋆ is the mean earnings amongst the recruiters. Since w⋆ can be obtained

already, so β, can be identified.

At this stage r, µ and β have been estimated. Using the identification result presented

in Section 2.6 it is possible (in some instances) to check whether the equilibrium is one in

which self-employed recruiters exist. In repeated resimulation, β, µ and r are consistent

with the sufficient condition for this equilibrium.

4.2 Stage 2: transition parameters

In this stage the remaining transition rates, reported in bold face in Table 2, are matched.

They are the monthly rate at which individuals transit from: unemployment to paid em-

ployment; unemployment to becoming an own account worker; paid employment to another

paid employer; paid employment to becoming an own account worker; and from an own

account self-employed worker to a recruiter.

These moment conditions are reported in Appendix A.4 and are exactly identified by the

parameters (λ0, λ1, η0, η1, h), the first two are endogenous to the model and are rationalized

in Section 4.4.

6There are even fewer than the ten reported in Table 5 as one fell into the tails of the earnings distribution
and is treated as missing.
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4.3 Stage 3: own account earnings

The distribution of earnings amongst own account workers is given by the solution to the

set of steady state equations in Section 2.4. The earnings distribution and productivity

distribution are equivalent as own account workers earn their output. Deciles from the data

are matched with deciles from the simulated model using the mean and variance of log

productivity, my and sy.

Stages two and three are iterated over until the vector (my, sy) is stable, thus, since the

transition rates are exactly identified the fit will be near perfect for the moments matched

in the second stage (barring small computational errors).

4.4 Stage 4: ex post calculations

κ, the degree to which paid employees are exposed to private sector firms relative to the

unemployed is given by κ = λ1
λ0
. Where the endogenous parameters λ0 and λ1 are estimated

in Section 4.2.

The distribution of productivity amongst large private sector firms is identified non-

parametrically. Equation (25) is computed so the productivity of a firm paying w is known

and given by the relation p(w). Then since this is an increasing function (verified by repeated

simulation) F (w) = B(p(w)), where F (w) is non-parametrically estimated in Section 4.1.

Paid employees are asked the size of their employer, put into the same size bins as Table

4. The firm size distribution of self-employed owned firms depends on µ and h and has

already been determined. In order to fit the number of workers in firms of certain size

or less the model is only able to adjust the firm size distribution of large private sector

firms, who are responsible for the majority of paid employment. This distribution ℓf (w) is

given by equation (23). The only parameter that is left undetermined is hf , the number

of contacts each firm makes. This distribution is matched by minimizing the Kolmogorov-

Smirnov distance between the theoretical and empirical distribution. Thus all that is left to

estimate is the measure of firms in the economy N . This is set to equalize the accounting

identity, given by equation (26).

5 The Fit

The fit of the model is assessed by two measures: how the model fits within sample, those

moments that are specifically matched as described in the previous section and the out of

sample fit. Moments observable in the data and predicted by the model, but not specifically

matched by the estimation procedure.
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5.1 Within Sample Fit

To review, moments that were specifically targeted were a selection of transition rates,

information on firm sizes and deciles of the earning distribution of own account workers.

Table 8: Fit of Transitional Moments

Transition Theoretical Empirical

Rate Moment Moment

unemployment to paid employment 0.0908 0.0908

unemployment to own account worker 0.0066 0.0066

paid employment to unemployment 0.0038 0.0038

paid employment to paid employment 0.0108 0.0108

paid employment to own account worker 0.0010 0.0010

own account worker to recruiter 0.0027 0.0027

Table 8 reports the fit of the simulated model with the data, regarding the rates at which

individuals transit across different employment states. There are other possible transitions,

but as discussed, these are the transition rates the empirical procedure attempts to fit with

the empirical moments. These moments are fitted extremely well, with all correct to four

decimal places. Since these are fitted in the first step of an iterative procedure, the fit of

these moments was always likely to be good, at the expense of the final step, the earnings

distribution of own account workers. Tables 9 reports the fit of the model for deciles of the

earnings distribution of own account workers. The distribution of earnings fits quite well.

The mimimum is perfectly matched by construction, as it is ψ0.

Table 10 shows the proportion of workers employed in a firm of given size or less, as

seen empirically and as predicted by the model. Both are a mixture of those employed in

large firms and small self-employed run firms. By the final stage the size distribution of

small self-employed firms has been determined. The parameter hf , the number of contacts

a large private sector firm makes determines the size distribution of this class of firm.

5.2 Out of Sample Fit

In this subsection, the fit of non-targeted moments are assessed. The out of sample moments

considered are the earnings distribution of all paid employees (those working for large firms

and small self-employed owned enterprises) and recruiting self-employees. The underlying

productivity distributions of self-employed recruiters and large private sector firms are esti-

mated using the earnings of own account workers and the wage offer distribution in certain

sectors. Using these distributions, along with the rest of the structural parameters, one can
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Table 9: Fit of Deciles of the Earnings Distri-
bution for Own Account Workers

Decile Theoretical Empirical

Moment Moment

0 3.0412 3.0412

10% 6.4278 6.1111

20% 7.8904 7.8725

30% 9.6895 9.7059

40% 11.3929 11.4559

50% 13.2050 13.1993

60% 15.2592 15.6732

70% 17.7948 18.2312

80% 21.2656 21.1564

90% 26.9938 27.0048

Table 10: Proportion of Paid Employees in
Firms of given size or Less

Firm Theoretical Empirical

Size Moment Moment

2 0.1543 0.0408

9 0.2492 0.1925

24 0.3273 0.3287

49 0.4116 0.4751

99 0.5259 0.5842

199 0.6762 0.6913

499 0.9211 0.8385

999 1.0000 0.9211

obtain the earnings of paid employees and recruiters. The fit of these earnings distributions

are presented in Figures 1a and 1b, respectively.

The dashed line in Figure 1a is the distribution of wages offered by large private sector

firms. By construction, this line is identical both in the simulation of the model and

empirically. The solid lines are observed wages irrespective of employer type. The first

thing to notice is the mass point in the theoretical distribution at w⋆. This is because

there is no wage dispersion amongst paid employees in self-employed owned firms. A model

without wage dispersion for a subcategory of paid employees will never succeed in matchimg

a smooth earnings distribution well. The theoretical distribution underestimates both the

first and second moment of the earnings distribution.

1b displays an even worse fit of the model. The earnings of recruiters are severely over-

estimated by the model. This difference amplifies as one moves up the earnings distribution.

The first and second moment of the earnings of recruiters are an order of magnitude greater

in the simulated model compared with the data. Clearly, to fit this well one would need a

model with a more sophisticated modeling of firm growth.

A positive point to take from Figures 1a and 1b is that they replicate the ordering of the

first and second moments of the earnings distributions reported in Table 1 without being

specifically targetted. Although the model overpredicts the differences in these moments,

the ordering is at least consistent with what is observed empirically.
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Figure 1: Fit of Earnings

6 Results

6.1 Parameter Estimates

Table 11 presents the point estimates of the exogenous parameters in the model, boot-

strapped standard errors are given in the parentheses. Standard errors are relatively large.

They are based on 500 resamples of both data sources, thus taking into account imprecision

in the estimate of by how much the self-employed underreport earnings. The estimate of

β is imprecise as it is based on few observations. It is estimated in the first stage, thus

imprecisions are confounded in the latter stages in estimates of other parameters, notably

the nonpecuniary benefits and the contact rate and mass of large private sector firms.

The transitional parameters given in the first section of Table 11 are all monthly Poisson

rates. At first glance h seems fairly small, a new own account worker who aims to recruit

can expect to wait almost 28 years before he eventually hires someone. However because

hires are made at a rate hℓ this expected waiting time falls as the number of employees

grows. A self-employed recruiter with ten workers expects to hire a worker in less than

three years and one with 50 workers in just over six months.

The rate at which individuals receive innovative ideas is also infrequent. If one spends

the majority of their lives in paid employment it is highly likely they will never have a single

idea. The rate at which agents are exposed to ideas is over four times higher when they are

unemployed compared to when they are in paid employment. When an idea does arrive,

they draw it from a log-normal distribution with the mean and standard deviation of the

natural log of productivity as given by my and sy in Table 11.

Amenities presented in the second panel of Table 11 are measured in pounds per hour.
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Table 11: Parameter Estimates

h η0 η1 µ

0.0030
(0.0019)

0.0066
(0.0023)

0.0014
(0.0004)

0.0038
(0.0003)

a b

−3.62
(0.62)

−17.10
(20.42)

hf N κ

3.1396
(1.5548)

0.0147
(0.0053)

0.7934
(0.3252)

my sy β

2.6075
(0.2311)

0.5660
(0.1828)

2.0005
(0.4644)

The value of leisure b is negative and large, meaning for low skilled male workers there is a

large stigma associated with unemployment. Interestingly, in a similar multi-sector model,

Meghir et al. (2012) also estimate a large negative flow value for low skilled unemployed

workers in Sao Paulo, Brazil. Recall that b is treated as a free parameter to ensure equation

(38) is satisfied. Thus one reason the estimate of b is so small is that the value of self-

employment for a given productivity is underestimated because it contains a large option

value of paid employment, as argued by Millan (2012).

The nonprecuniary amenity associated with self-employment is ı̈¿1
23.62 per hour. This

is commonly referred to in the literature as the benefit associated with “being your own

boss”. Comparing this with Table 1 reveals this as 27% (24%) of the adjusted median wage

of own account workers (recruiters). This is approximately two thirds the amount implied

by Hamilton (2000).

The parameter κ has a slightly different interpretation as it ordinarily would have. It

is the ratio of job offers that paid employees in large firms receive from other large firms

compared with job offers received by unemployed agents from large firms. The unemployed

are aslo exposed to job offers from self-employed recruiters which the paid employees are

not, inflating this models estimate of κ. Estimates of N and hf suggests the mass of private

sector firms is equivalent to approximately 1.4% of the total active members of the labor

market and that in total the firms are in contact with 4.6% of all agents active in the labor

market.

β is the factor by which production increases when an own account worker begins to

recruit. Recall, when an agent recruits he steps down from production and acts as a

managerial overseer. It is quite curious therefore, that β is approximately equal to two.

This implies equivalence between this set up and one where the agent continues at the same
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technology level and hires a worker, but he (the owner) also continues to produce.

6.2 Endogenous Parameter Values

The first panel in Table 12 displays the earnings in paid employment in large firms (φ0)

and self-employment (ψ0) that an unemployed agent is indifferent between accepting and

rejecting. It also contains the productivity level above which self-employed agents attempt

to recruit paid employees (ψ1) and the wage that self-employed recruiters offer to paid

employees (w⋆).

The reservation wage of an unemployed agent entering a large private sector firm is

negative. Clearly, all wage offers they receive are greater than this wage. What this implies

is that an unemployed agent would be willing to pay to go to work. There are two reasons

they would do this, one is the large stigma associated with unemployment (b). The second

is that job offers arrive almost as frequently when one is in paid employment compared

with unemployment (λ1 and λ0). Notice ψ0 is larger than ψ0. Therefore the class of

equilibrium described in Section 2.6 is one in which some own account workers have no

intention of recruiting. Instead of recruiting, those self-employed with productivity less

than ψ1 intend to remain own account indefinitely. As discussed λ1 is high compared to

λ0, meaning employed agents get almost as many job offers from large firms as unemployed

agents. Many of these job offers are rejected and unemployed agents are also exposed to

the infrequent offer from recruiting self-employed (λs0).

Table 12: Endogenous Parameters

φ0 ψ0 ψ1 w⋆ λ0 λ1 λs0

-2.29 3.04 7.39 6.66 0.0944 0.0749 0.0008

7 Structural Decomposition

There are two notable differential characteristics that this model has imposed on large

private sector firms and small self-employed owned firms. To review, they are that private

sector firm are infinitely lived, whereas, self-employed recruiters have a life expectancy of 1
µ
,

governed by a Poisson process. The self-employed have the advantage of being connected

to the labor market and can as a result direct their search to those most wanting a job,

unlike the large firms who post vacancies in a random way. Clearly these assumptions

are non-trivial and all results presented previously and in this section are contingent on

those assumptions. That being said, the question that this Section attempts to answer

is: conditional on these imposed differences, what are the major differences, endogenously
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determined between the two types of employer in the labor market and can these differences

inform policy makers?
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Figure 2: Firm Productivity

Figure 2 presents the cumulative distribution of productivity amongst active firms in

the economy. The sold line represents the small self-employed owned firms. The dashed

line represents the large infinitely lived private sector firms. Inspection of Figure 2 suggests

the small self-employed owned are far more productive. In fact there is clear first order

stochastic dominance between the distributions. Given the degree of superiority it is clear

that a benevolent social planner would be interested in redirecting employment from large

private sector firms to the small self-employed owned firms.

The first puzzle is that if self-employed firms are more productive then why are an

overwhelming majority of paid employees not employed by them? The answer is, these

firms find it far more difficult to employ workers. Firstly, for a given size they will hire less

according to the matching process outlined and estimated. Figure 3 shows the expected

number of months a firm can expect to wait per hire for a given size. The left hand axis

is the expected number of months for a private sector firm and the right hand side is the

expected number of months for a self-employed owned firms. The differences are enormous.

The relative differences in the search processes are exacerbated further by self-employed

individuals being finitely lived. Unlike large firms a self-employed agent will eventually

leave the labor market so the number of employees he has is limited by time. This is

reflected by the mean size of a large private sector firm to be over 25 times bigger than the

mean size of a self-employed owned firm.
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An advantage the self-employed agent has over a large private sector firm is the wage

it needs to pay its employees. As has been discussed, the wages offered by self-employed

agents are drawn from a degenerate distribution, there is no wage dispersion. This wage

£6.66 per hour, is much below the mean wage offered by large private sector firms, £11.22

per hour, implied by the theoretical model.

Small self-employed firms are able to offer lower wages because, by assumption, workers

cannot be poached from self-employed owners nor can they get innovative ideas and the self-

employed can direct their hires to the pool of unemployed. These advantages are reflected

by the self-employed paying lower wages and thus making more profit per worker, for a

given level of productivity.

For a social planner it is quite clear that the economy benefits from having paid em-

ployees hired by the self-employed. Self-employed recruiters face an enormous disadvantage

in the search process and compared with large firms are underexposed. While this paper

offers no specific suggestions of policies to remedy this it highlights an important aim for

the government employment agency to consider.

8 Conclusion

This paper builds an equilibrium model of the labor market with frictions in which agents

endogenously locate on either side of the market, as a paid employee, or a recruiting self-

employed individual. The model is able to replicate differential features of the earnings

distributions of agents in different labor market states.

Using British data, the model is estimated and the career options of the self-employed
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are critically assessed. Underreporting of earnings is taken into account as in Hurst et al.

(2014), as are future employment and earnings profiles. Taking both these factors into

account the estimation suggests a smaller nonpecuniary benefit than is suggested by the

literature, see Hamilton (2000). Results also suggest that self-employed owned firms are

more productive than large private sector firms but struggle to grow because of much less

effective search technologies.

There has been a recent surge in the literature that incorporates self-employment into

models of the labor market: Narita (2011), Margolis et al. (2012) and Millan (2012). As a

result there is a deeper understanding of the puzzle outlined by Hamilton (2000), of why

agents choose self-employment at all. By distinguishing between own account workers and

recruiters and giving the self-employed the option to develop a firm, this paper goes further

still.

A nice feature of the empirical implementation of this model is that the productivity of

large and self-employed owned firms can be uncovered from earnings data and thus matched

employee-employer data are not required. Improvements to the precision of estimates could

be made from increases to the size of the data however. As at times inference has to be

made on relatively few observations. Finding data with the necessary information regarding

employment spells, earnings and whether an individual is a recruiter could be a challenge.

Finally, this and all the models thus far discussed have no ex ante worker heterogeneity.

Future research should attempt to incorporate such heterogeneity in order to explain the dif-

ferences in composition between paid employees and the self-employed. In a meta-analysis

of recent research Parker (2006) (Table 3.3 page 104) suggests overwhelming cross-country

evidence that the self-employed are older, better educated, have more labor market expe-

rience and are wealthier than paid employees. Incorporating worker heterogeneity in the

theoretical model and estimating the model, if possible, with a larger dataset could prove

to be very fruitful future research projects.
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A Appendix

A.1 Solving for Reservation Strategies

Before embarking on the reservation solution, first note the derivatives of the value of paid

employment in a large firm and self-employment with respect to their respective arguments

are given by:

W ′(w) =
[

r + 2µ + λ1F (w) + η1Γ(ψ(w))
]−1

(32)

S′(y) =

{

(r + µ)−1 if y < ψ1
(r+2µ+h(β−1))

(r+2µ−h)(r+µ+h) if y ≥ ψ1
(33)

φ0, ψ0 and w⋆ are calculated by solving the equalities W (φ0) = U , S(ψ0) = U and

U =W s. They are given by equations (34), (35) and (36), where W ′(·) and S′(·) are given

by equation (32) and (33).

φ0 = (b− a) + (λ0 − λ1)

∫

φ0

[

W ′(x)F (x)
]

dx+ (η0 − η1)

∫

ψ0

[

S′(z)Γ(z)
]

dz (34)

Assuming self-employed agents with no intention to recruit exist. Then ψ0 is given by

the solution to the equality SO(ψ0) = U . The value of y that solves this equality is labelled

ψ̃0.

ψ̃0 = b+ λ0

∫

φ0

[

W ′(x)F (x)
]

dx+ η0

∫

ψ0

[

S′(z)Γ(z)
]

dz (35)

As discussed, w⋆ is solved for as the solution to W s = U . Looking at equations (17),

(18) and (35), it is clear that w⋆ can be expressed as in equation (36).

w⋆ = ψ̃0 − a (36)

However, if agents always intend to recruit, the solution is given by S(ψ0) = U , where

ψ0 > ψ1; this value for ψ0 is denoted as ψ̌0:

ψ̌0 =
1

(r + 2µ+ h(β − 1))(r + µ)

(

hw⋆(r + µ) + (r + 2µ− h)(r + µ+ h)
(

b+ λ0

∫

φ0

[

W ′(x)F (x)
]

dx+ η0

∫

ψ0

[

S′(z)Γ(z)
]

dz
)

)

(37)

The minimum productivity required for an agent to leave unemployment for self-employment,

is thus:

ψ0 = min(ψ̃0, ψ̌0) (38)
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φ(y) is the solution to the equality S(y) = W (φ(y)). Differentiating both sides gives a

neat ODE in φ(y), S′(y) =W ′(φ(y))φ′(y). Substituting in the expressions for the derivatives

of the value functions, equations (32) and (33), gives the ODE:

φ′(y) =







(r+2µ+λ1F (φ(y))+η1Γ(y))
(r+µ) if y < ψ1

(r+2µ+h(β−1))(r+2µ+λ1F (φ(y))+η1Γ(y))
(r+2µ−h)(r+µ+h) if y ≥ ψ1

(39)

with the initial condition φ(ψ0) = φ0.

A.2 Solving for the Steady State

Differentiating equation (21) with respect to y gives:

Nuη0γ(y) +Nf
e η1G(φ(y))γ(y) =

{

µγs(y) if y < ψ1
(

µ+ µΣ(1)

NsΓs(ψ1)

)

γs(y) if y ≥ ψ1
(40)

where, γs(y) =
d
dy

{Γs(y)}.

This would be a straightforward ODE in NsΓ(y) if it was not for the term including

N
f
e G(φ(y)). However we can isolate this term from the steady state condition for paid

employees, equation (22). Summing across equations (22) and (21) gives:

NsµΓs(y) + I{y≥ψ1}

(

µΣ(1)

NsΓs(ψ1)

)

(Γs(y)− Γs(ψ1))+ (41)

NeG(φ(y))
[

2µ + λ1F (φ(y)) + η1Γ(y)
]

= Nu [η0Γ(y)− η0Γ(ψ0) + λ0F (φ(y))]

where I{y≥ψ1} is an indicator function taking the value one if {y ≥ ψ1} is satisfied and zero

otherwise.

The Markov process that determines the size of the firm is determined only by µ and

h. Thus the ergodic distribution of self-employed firm sizes can be computed for a given

h and µ by simulating the Markov process for a sufficiently long period. Let s(ℓ) be the

distribution of employee numbers amongst the self-employed then the measure Σ(ℓ) is given

by the distribution weighted by the number of self-employed who intend to recruit (of

productivity greater than ψ1).

NsΓ(ψ1).s(ℓ) (42)

N s
e the number of paid employees employed by the self-employed is given by the ac-

counting identity in equation (43).

N s
e =

∞
∑

ℓ=1

Σ(ℓ)ℓ (43)
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Solving for the steady state is fairly cumbersome and requires an iterative solution.

Initially s(ℓ) is computed by simulating the Markov process. The outer loop iterates around

the measure of potential recruiters NsΓ(ψ1) and the inner loop around the measure of

unemployed. An initial guess is made regarding the number of potential recruiters, from

which Σ(ℓ) is calculated (equation (42)) and so is N s
e (equation (43)). In the inner loop

the ODE (40) with the initial condition Γs(ψ0) = 0 is solved, where Nf
e G(φ(y)) is imputed

using equation (41). Then, Nu is updated according to equation (19). Once the procedure

converges to a solution it goes to the outer loop. The number of potential recruiters has

only been used to determine the measure Σ(ℓ) (and N s
e ), it is updated using the solution

to the differential equation in the inner loop. The whole process is iterated on until stable.

A.3 Misreporting of Earnings by Self-Employed

Table 13: Fraction of Under Reported Income by Self-Employed

IV OLS

β 0.913
(0.184)

0.368
(0.049)

γ 0.474
(0.117)

0.264
(0.090)

κs 0.595
(0.065)

0.489
(0.124)

Standard errors in parentheses are obtained using a bootstrap procedure, redrawing the

sample with repetition 500 times.

A.4 Transition Rate Moment Conditions

The model is in continuous time, with one unit representing a month. Empirically we

observe the monthly rate, the moment and its theoretical counterpart are given below:

Unemployment to paid employment: 1− exp(−λ0 − λs0)

Unemployment to own account self-employment: 1− exp (−η0(1− Γ(ψ0)))

Paid employment to unemployment: 1− exp(−µ)

Paid employment to another paid employer: 1− exp(− N
f
e λ1

N
f
e +Ns

e

∫∞
φ0
F (x)dG(x))

Paid employment to own account self-employment: 1−exp(− N
f
e η1

N
f
e +Ns

e

∫∞
ψ0

Γ(x)dG(φ(x)))

Own account self-employment to recruiter: 1− exp(−hΓs(ψ1))
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