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Chapter 1: Self-Employment, Labor Market Frictions and Credit

Constraints

1. Introduction

This dissertation chapter studies the effects of labor market frictions and credit
constraints in a general equilibrium setting where self-employment is one of the possible
economic activities. Allowing for self-employment in a general equilibrium model is
important for several reasons. First, a non-trivial fraction of workers in the U.S. economy
are self-employed. According to estimates by the U.S. Census Bureau, over 14 million
workers were self-employed in 2008, accounting for about 10% of total employment.
Second, a large fraction of the U.S. net wealth is in the hands of self-employed workers.
Using the Survey of Consumer Finances, Cagetti and De Nardi (2006) estimate that self-
employed workers in US economy (11.1% of their sample) hold about 39% of the U.S.
economy's total net worth. Self-employed business owners (7.6% of their sample)
account for 33% of the total wealth. For these and other reasons, it is important to
understand how the behavior of self-employed workers is affected by the economic

environment they operate in.

This dissertation chapter focuses on the effects of credit constraints and labor market
frictions on the behavior of self-employed workers as well as on the aggregate
implications of these frictions. The reason for focusing on these two frictions is that the
empirical literature has often highlighted them as having important effects on the

behavior of both the self-employed and the self-employed-to-be. With respect to credit



frictions, Cagetti and De Nardi (2006) report that 18% of self-employed business owners
report having been turned down for credit and 29% of them use their own personal assets
as collateral to finance their business. Several studies have also showed that credit
constraints affect workers' decisions to become entrepreneurs.' With respect to labor
market conditions, Evans and Leighton (1989) find that being unemployed increases the
probability of becoming self-employed, while Blanchflower and Oswald (1991) find that
higher regional unemployment rates also increase the probability of entering self-

employment.

The emphasis given in the empirical literature to the effects of credit and labor market
frictions on self-employment suggests that there are two types of self-employment. For
some workers self-employment is an entrepreneurial activity. For others, self-
employment is a stopgap. By introducing labor market frictions, the model developed in
this dissertation chapter can generate both entrepreneurial and stopgap self-employment,
which allows one to study how labor market frictions and credit constraints affect each
type of self-employed worker. The model can also explain some of the observed
differences in behavior between entrepreneurs and workers using self-employment as a
stopgap documented in Rasteletti (2009b). These differences include: 1) workers using
self-employment as a stopgap have very short self-employment spells; while 60% of new
stopgap self-employed end their self-employment within the first year, only 23% of new
entrepreneurs do so. 2) After controlling for workers' characteristics, labor income is

lower for stopgap self-employed workers. Rasteletti (2009b) also finds that workers'

! Holtz-Eakin et al. (1994), Blanchflower and Oswald (1998) and Evans and Jovanovic (1989) find
evidence of a positive correlation between wealth and entry into self-employment. More recently, Hurst
and Lusardi (2004) find this positive relation is present only among the very rich.
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wealth and individual labor market histories play an important role in explaining
differences in the probabilities of workers transitioning into self-employment. While
having more wealth increases the probability of becoming an entrepreneur, it reduces the
probability of becoming self-employed as a stopgap. Rasteletti (2009b) also finds that
being unemployed increases the probability of becoming stopgap self-employed, while

having no significant effect on the probability of becoming an entrepreneur.

This dissertation chapter relates to the theoretical literature studying the effects of
borrowing constraints on entrepreneurs.” The papers in this literature do not include labor
market frictions, which leaves them unable to study workers using self-employment as a
stopgap or the effects of borrowing constraints on this group of workers. These models
are also unable to study how labor market frictions affect the behavior of entrepreneurs.
My work on this chapter also relates to the literature studying the effect of labor market
frictions on workers' behavior. This chapter differs from most of these models by
allowing workers to become self-employed and search for a job while self-employed.’ By
combining self-employment, credit constraints and labor market frictions, the model
developed in this dissertation chapter can answer several questions that have not been
addressed by either literature. Some of these questions are: How do labor market frictions
affect workers' decision to transition into and out of self-employment in the presence of

credit constraints? Does the interaction of labor market frictions and credit constraints on

* The most widely cited papers in this literature are Cagetti and De Nardi (2006), Quadrini (2000) and
Buera (2006).

3 To my knowledge, there has been only one paper (Rissman, 2003) studying the effect of labor market
frictions on self-employed workers' behavior. She examines a partial equilibrium model based on
Mortensen (1970), where workers' only decision is whether to search for a job while unemployed or self-
employed. Her model is relevant to studying transitions into self-employment by poor workers, but it is not
suited for studying interactions between labor market frictions, credit constraints and self-employment
given that workers cannot accumulate assets in her model.
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entrepreneurs generate changes in workers' saving behavior? If so, what are the effects on
capital supply and interest rates? And do these interactions have important aggregate

implications?

The model developed in this dissertation chapter unveils some rich interactions
between labor market frictions, credit constraints and self-employment that have
implications not only for worker's decision rules but also for some key economic
aggregates. One important effect of these interactions is on the decision rule for
transitions into self-employment. Labor market frictions generate a motive not to
transition into self-employment, which I call fear of failure. In the presence of labor
market frictions, the worker realizes that if his business fails in the future, he will have to
spend time searching for a job, which implies a cost in forgone income. Forward looking
workers take this future cost into account at the time of making their decision on whether
to become an entrepreneur. As found in other theoretical papers, the presence of credit
constraints generates policy rules for transitions into entrepreneurship that are
characterized by a wealth threshold property. That is, workers become entrepreneurs only
if their financial wealth is high enough. The fear of failure motive increases the levels of
these wealth thresholds, which might lead to a reduction in the proportion of

entrepreneurs in the economy if labor market frictions are severe enough.

Two general equilibrium findings are worth highlighting. First, tighter credit
constraints on entrepreneurs increase the proportion of workers using self-employment as
a stopgap and the duration of their self-employment spells. When credit constraints on
entrepreneurs are tightened, the entrepreneur's lower access to credit results in a reduction

of both the output of their businesses and their income levels. Entrepreneurs then decide

4



to cut their savings and accumulate less wealth. As a consequence, the equilibrium
aggregate wealth is lower and the interest rate is higher. This increase in the interest rate
reduces the profits of firms in the corporate sector, who now decide to post fewer
vacancies. Having fewer vacancies makes exiting self-employment more difficult and
leads to an increase in the proportion of workers using self-employment as a stopgap and

an increase in the duration of the self-employment spell.

The other important general equilibrium finding is that more severe labor market
frictions both increase the relative size of the self-employed sector and reduce the
average productivity of self-employed businesses. The average productivity decreases for
two reasons. First, more workers use self-employment as a stopgap. In general, these
workers are less productive than entrepreneurs, so the increase in their number reduces
the average productivity of self-employed workers. Second, average productivity of the
businesses of entrepreneurs also decreases. This decrease is mainly due to a lower access
to credit by entrepreneurs, which originates from their lower capital holdings.
Entrepreneurs hold lower levels of wealth because more severe labor market frictions
reduce the equilibrium interest rate. This reduction in the interest rate originates both
from a shift to the right of the supply of capital (workers save more out of precaution)
and from a shift to the left of the demand for capital (the lower number of firm-worker
matches reduces the demand for capital). The main (dominant) effect is the capital
demand from firms, which reduces the interest rate and saving. This is offset somewhat
by the increased precautionary saving of workers, which increases saving and further
reduces interest rates. Overall, the reduction in saving is driven by the dominant effect of

lower capital demand. The lower wealth holdings in steady state result in workers



entering entrepreneurship with lower levels of wealth. This reduces their access to credit
and therefore the average productivity of new entrepreneurs. The lower interest rate also
leads existing entrepreneurs to save less, and therefore the businesses of entrepreneurs
grow at a slower rate. The lower initial productivity of new entrepreneurs and the lower
growth rate of existing entrepreneurs explains the decrease in the entrepreneurs'

productivity.

The rest of the chapter is organized as follows: In the next section, I develop a general
equilibrium model that is used to analyze the effects of credit constraints and labor
market frictions on worker behavior as well as the aggregate implications of these
frictions. The model is a directed search model in which workers have a career choice to
make, face labor market frictions if they decide to search for a job at a firm, and also face
credit constraints if self-employed. In section 3, I analyze some of the implications of the
model and characterize certain features of the equilibrium. In section 4, I calibrate the
model to study numerically the effects of labor market frictions and credit constraints on

worker behavior and on some key aggregates. Conclusions are presented in section 5.

2. Model

In this section, I develop a two sector general equilibrium model to study the effects of
labor market frictions and credit constraints in an economy where self-employment is one
of the possible economic activities. The economy consists of a continuum of workers,
with measure one, and a continuum of potential corporations, with measure m>>1.
Production in the economy takes place either in the corporate sector or in the non-

corporate sector, with the non-corporate sector being comprised of the businesses of the



self-employed workers. Firms in the different sectors differ both in the technology used
for production as well as in their access to the capital market. While corporations have
perfect access to the capital market, self-employed workers only have partial access.
Workers and firms in the corporate sector come together via search. Firms willing to hire
a worker need to post a vacancy and workers that decide to search for a job have to apply
to one of the vacancies posted by firms. This search process is similar to that in
Acemoglu and Shimer (1999). The problems faced by workers and firms in the corporate

sector are described below.

2.1. Workers’ Problem

Agents make choices in order to maximize their expected discounted value of lifetime

utility
(M Fo ) Bulce L)
t=0

subject to an intertemporal budget constraint, a no-borrowing constraint, a wealth
allocation constraint, a job search technology and a production technology. All these
constraints are specified below. In expression (1), Eg is the expectation operator as of
time 0, P is the time discount factor, c; and I; represent worker's consumption and hours
worked at time t, and u(-) is a strictly increasing and strictly concave utility function for

all positive levels of consumption. If ¢; < 0, u(c, l;) = —oo. The utility function also

ou(cele)
0Ct

au(ct,lt) _
0Ct -

satisfies the Inada Conditions, that islimct_m = oo, and limct_>OO

Workers can either work full time (I; = 1) or not work at all (I; = 0). Leisure increases



utility, which implies that u(c;, 0) > u(c;, 1) forall ¢; > 0.

The decisions workers need to make at any point in time depend on whether they are
currently working for a firm in the corporate sector or not. I name the former matched
workers, and the latter unmatched workers. Unmatched workers need to search for a job
in order to become matched. Matched workers can become unmatched either
endogenously by deciding to quit their job, or through exogenous separation. Besides
being matched to a firm or unmatched, workers can possess a business project or not. I
use the variable e; to capture whether the agent has a business project (e; = 1) or not
(e; = 0). I assume that the arrival of a business project is a stochastic process. Losses of
business projects can happen stochastically or can be a consequence of agents' decisions.
Endogenous losses of business projects happen when an unmatched worker with a
business project decides to accept a job at a firm, or when a self-employed worker with a

business project decides not to work.

2.1.1. Unmatched Workers

Workers that are unmatched in a given period have to decide whether to be self-
employed and whether to search for a job at a firm in the corporate sector. If an
unmatched worker is not self-employed, he has no labor income in the current period, but
he enjoys leisure time. If a worker decides to be self-employed in the current period, he
has positive labor income, but he does not enjoy leisure. In what follows, I label
unmatched workers who are not self-employed but who search for a job as
"unemployed", while unmatched workers who are not self-employed and who do not

search are labeled "not in the labor force". Workers who are self-employed may search



for a job at a firm. I label workers who are self-employed and not searching for a job
"entrepreneurs" and those workers who are self-employed and searching for a job

"stopgap self-employed".

If an unmatched worker decides to search for a job at a firm, he also needs to decide
which of the posted vacancies to target. Vacancies differ only on wages paid, and wages
remain constant for the whole duration of the worker-firm match. Applying to a vacancy
has no cost for workers, but requires a commitment to accept the job and work for the
firm for at least one period, in case the job is offered to them. For this reason, workers
can only apply to one vacancy at a time. [ name o € () the particular vacancy the agent

targets, where () is the set of all vacancies posted at time t, which is public information.

Given the existence of a continuum of workers, workers cannot coordinate their
applications to vacancies and at a point in time several workers can apply to the same
vacancy. Firms cannot differentiate among workers and choose randomly among
applicants when they get more than one. Therefore, there is no guarantee that the worker
will be able to get his target job. The probability of getting the job depends on the number
of applicants to that same vacancy. [ name the number of workers applying to a given
vacancy queue length, and represent it as q(w) € [0, oo]. The probability of getting a
particular job is then a function of its queue. I call this probability y[q(w)]. Workers do
not know queue lengths before applying to a vacancy and therefore need to form
expectations about them. I call these expectations q¢(w). Given that q(w) is unknown,

the probability of getting particular jobs is also unknown to workers.

If an unmatched worker decides to be self-employed in the current period, he has



access to a production technology that is captured in a production function g (k¢, e;)
where k; is the amount of physical capital used in production. Capital depreciates at a
rate § per period. The amount of output a self-employed worker can produce also
depends on whether the agent has a business project or not. For self-employed workers
without a business project (e; = 0), output is independent of physical capital. That is,
g(k:,0) = b > 0. For self-employed agents with a business project (e; = 1), output is a
strictly increasing function of k;. Self-employed workers with a business project can
produce at least as much as self-employed workers without a business project, that is
g(k, 1) = g(ke, 0) = b. Furthermore, this inequality is strict provided that k; > 0.
Finally, the production function is strictly increasing and strictly concave in capital, with

. ag(ked .
limy, ¢ 9D — o and limy, o0

ag(ktll) — O
ok, :

ake

Self-employed workers also need to decide how much physical capital to use in their
businesses. They can either use their own capital for production or they can borrow it in
the financial market at a price r per period. Self-employed workers face a constraint on
how much capital they can borrow, with the amount that can be borrowed being
proportional to the worker's financial wealth. Workers can also lend all or part of their

wealth in the financial market at the real interest rate r.

Finally, all unmatched workers decide how much to consume and how much to save in
every period. Given consumption and production decisions, financial wealth evolves as

follows: a;1q = g(ke er) — (r + &)k, + (1 +r)(a, — c;).* I also assume that workers

* Note that for all unmatched workers without a business project the optimal k=0. This implies
that for self-employed workers without a business project financial wealth evolution is given by
a1 =(1+r)[ac-c]+b, and for those workers unemployed or out of the labor force, financial wealth
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must hold non-negative wealth at every point in time. That is, a; = 0, for all t.

The timing of events and decisions made during the period is as follows: at the
beginning of the period the agent receives a business project shock. Given all previous
information and the realization of the business project, the unmatched worker has to
decide whether to be self-employed and whether to apply for a job at a firm or not. If he
decides to apply for a job, he has to decide which vacancy to target. Next, the worker
decides how much to consume and, if self-employed, how much to produce. At the end of
the period, if the agent is matched to a job, he becomes a worker. If not, he remains

unmatched. Figure 1.1 below summarizes the timing of events.

FIGURE 1.1: Unmatched Worker’s Problem.

Business Project .| Employment
Shock (<) Choice ‘|
: NO
Consmmption/
NO —™¥ Savmg h
Not Alyoa |
— —
Sclf-Employed vacancy? - Vacaney / J  Get 10b?
YES Consumption/Saving l
YES
Output/ ||
NO Consumption/Saving I
s Self-Employed | | Applytoa See Matched
vacancy? | Vacancy Ourpuy Worker Problem
YES Consumption/Saving

Given the timing of events and the assumptions made above, the value of being an

evolution is given by a..;=(1+r)[a-c{].



unmatched worker U(a;, e;) equals the maximum of the value of being out of the labor
force NVS(ay, e;), the value of being unemployed N5 (a,, e;), the value of being self-
employed and searching for a job S°(a,, e,)and the value of being self-employed and not

searching for a job SV5(a,, e,). That is to say,

(2) U(as, e) = max(NS(atet): NNS(ace), S5 (acer), SNS(atet))

The value of being out of the labor force is the solution to the following functional

equation
3) NNS(at; e) = mcax{u(ct, 0) + BE[U(at+1,€41)13
t

subject to
a1 = (1 +1)[ar — ]
a, =0

The value of being unemployed is the solution to the following functional equation

4) N%(a;e) = max

N
Ct'Wt+1 E.Q.t

{u(ct, 0) + B(1 = x[g®(@)DE[U(at+1, et+1)]}
+Bx1q° (WE W (Wei1, aryq,0)]

subject to the same constraints as in (3). W (W41, at41,0) is the value of being matched

to a firm and being paid a wage w;,,. One important feature to notice in my definition of

the value function for NS(:) is that the value of being matched to a firm is

W (Wiy1,@i41,0) and not W(Wiyq, @ryq, €e41). This comes from my assumption that

unemployed and self-employed agents lose their business projects when they accept a job

12



at a firm.

Similarly, the value of being self-employed and searching for a job is the solution to

the following functional equation:

u(ce, 1) + (1 — x[q° (@) DE[U(ars1, et+1)]}

(5) S*(ay,e) =  max { +Bx[q° (W]E[W (Wei1, aryq,0)]

cekewh, 1 €Q¢
subject to
arpr = gkr,er) = (r+ ke + (1 +1)(ar —c)
ke < Aa;
aryr 20
where 4 > 1 is a parameter capturing how much self-employed workers with a business
project can borrow to rent physical capital.’
The value of being self-employed and not searching for a job is the solution to the

functional equation
(6) SNS(at,et) = lgl?}:l{X{u(Ct, 1) + BE[U(ats1, €c+1)1}
titt

subject to the same constraints as in (5).
Given the value functions described above, an unmatched worker's optimal decision on
whether to be out of the labor force, unemployed, stopgap self-employed, or an
entrepreneur is given by

I(Be out of the labor force if U(a,, e;) = N¥5(a,, e.).

d*(a,, e;) =
(@ ) iBe stopgap self — employed if U(a,, e;) = SS(a,, e.).

Be unemployed if U(aze;) = N5(a,, er).

Be an entrepreneur if U(aze;) = S¥(ay, e,).

> The constraint k ¢+ < Aa; is consistent with self-employed workers having to put up collateral in
order to be able to borrow. While solving the model numerically in section 4, the benchmark
value of A is 1.44. I also analyze an extreme case where workers cannot borrow at all (A =1) and a
case with a less stringent borrowing constraint (A =1.8).
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The policy functions for consumption, capital utilization and wage targeting are given by
cY(a,e), kY(a,e), wY(a, e) respectively, and are implied by the solutions to the value

function that maximizes equation (2).°

2.1.2. Matched Workers

Workers that are matched to a firm cannot search on the job. Under this assumption, a
matched worker has only two decisions. After observing his business project shock, a
matched worker decides whether to quit in order to enter self-employment,
unemployment or being out of the labor force. After this decision is made, a matched
worker decides how much to consume. At the end of the period, workers and firms can be
exogenously separated. Exogenous separations occur with probability s each period. The
timing of events and decisions faced by matched workers is summarized in figure 1.2
below.

The value function for a matched worker who does not quit can be written as follows:

u(cy, 1) + f(1 = s)Exmax[W(w, aryq, €r41), U(arya, 3t+1)]}
7 wWw,a,, e =max{
7 ( et) Ct +BSE[U(a¢s1,€¢41)]
subject to

arpr = (A +1)[ag—c ] +w

Ary1 20

% If the maximum value in equation (2) corresponds to the value of being a self-employed worker
not looking for a job, or to the value of being out of the labor force, w’(a,e) = @. Similarly, if
the worker optimally chooses unemployment or not being in the labor force, k' (a, e) = 0.
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FIGURE 1.2: Matched Worker’s Problem.

NO
1 NO |, Consumption/ ) Exog.
Business Project — Saving Separated?
Shock (e) | Quit? YES
YES
See Unmatched

Warker Problem

The policy function for consumption for a matched worker that decides not to quit is
represented by ¢ (w, a, e). His optimal decision on whether to remain matched to the
firm or quit is given by

Remain matched if W(wg,a;, e;) > U(ag, er).

dM(wy, a., e ={ ) .
(we,ac, e.) Quit, otherwise.

Having described the problems faced by matched and unmatched workers, I now

describe the problem faced by firms in the corporate sector.

2.2. Corporations’ Problem

Firms in the corporate sector can either be matched to a worker or unmatched. If a firm
is unmatched and wants to produce, it must first hire a worker. To be able to hire a
worker, unmatched firms need to post a vacancy, which has a cost c. Vacancies are
posted with a wage, which the firm commits to pay for the duration of the match. Due to
labor market frictions, there is no guarantee that posting a vacancy will result in the
hiring of a worker. The probability of filling the vacancy depends on the number of

applicants the vacancy attracts, that is, on the queue length g(w). The probability of
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filling a vacancy is given by n[q(w)]. I further assume that n(0) = 0, (c0) = 1 and

—aa:(('w)) > 0. Firms do not know ex-ante the length of the queue their vacancies will

generate, so they form expectations about queues.

Once a firm finds a worker, it has access to a production technology f (k;), where k; is
the physical capital used in production. Firms can rent capital at a rental price per period
of r, which is determined in equilibrium. The firm's production technology is increasing

and concave in physical capital and satisfies Inada conditions.

The value of an unmatched firm, JV, can be written as

® Y =max(0,—c + ——max{nla* @V (w) + (1 = nlg*@))})

1+r

where /M (w) is the value of a newly matched firm paying a wage w.

Matched firms decide how much physical capital to rent each period and remain
matched until the worker quits or the match is exogenously terminated. The value of a

newly matched firm paying a wage w is
© M) = (15) [Pewmw) = (1= D))
t=0

where T(w) = rrIl(%x{ f(kF) —w — (r + 8)kF} is the maximized per period profit of an

active firm, and D;(w) is the probability that a match formed with wage w will still be
alive after t periods. In turn, D,(w) = (1 — )" (f w®(ao)[[T5=1(1 — ¢§ (ao))]day)

where w®(a,) represents the firm's beliefs on the distribution of applicants' wealth at the
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time matched are formed and d)]‘? (ay) captures the probability that a previously
unmatched worker with initial assets ao will quit the match after j periods.” d)]‘?(-) isa
function of the saving behavior of matched workers; the probability of getting a favorable
business project shock; and the decision rule of matched households mapping current

assets and business project state into the decision to quit or not quit.

Finally, I assume that there is free entry of firms. Firms enter the market until the point

where no firm has an incentive to enter. That is, JU = 0.

In what remains of this dissertation chapter, I limit my analysis to stationary rational
expectations equilibria. This implies two things: first, the distribution of unmatched
workers over asset holdings and business project shocks and the distribution of matched
workers over asset holdings, wages and business project shocks are time invariant. I refer
to these two distributions as ®Y(a, e) and @M (w, a, ), respectively. Secondly, agents'
and firms' beliefs about queue lengths as well as firms' expectations of employment
durations and wealth distribution of applicants are correct in equilibrium. To assure
trembling hand perfection, I also require that beliefs about queue lengths and

employment duration are correct along out-of-equilibrium paths.

2.3. Equilibrium

2.3.1. Definition of Equilibrium

A stationary rational expectations equilibrium consists of a set of value functions JY,

" Note that since e, is reset to zero when self-employed or unemployed workers take a job at a
firm, the initial value of e is irrelevant to quit behavior, so the firm only needs to integrate over
initial assets.
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JM(w), U(a,e) and W(w, a, e); a set of decision rules w¥(a, e), kY (a, e), cV(a, e),
dY(a,e), cM(w,a,e), d”(w,a,e) and kF (w); a set of wage offers Q, queues g(w), an

interest rate r, and a set of distribution functions ®V(a, ) and @M (w, a, e), such that:
1. JU = 0 (free entry condition).

2. All wage offers in Q solve the Bellman equation (8) given JM(w), JU, cand r

(optimal posting).
3. kF(w) = argmax{ f(k) — w — (r + §)k}.
4. JM(w) and kf(w) satisfy the Bellman equation (9) given D,(w) and JY.

5. The decision rules wY(a, e), kY(a, e), cV(a, e), dV(a, e), d™(w, a, ) and the value
functions U(a,e), N5(a,e), N¥5(a,e), S5(a,e), S¥5(a, e) and W (w, a, e) solve the

Bellman equations (2) through (7).
6. q°(w) = q(w), w®(ao) = w(ao) and ¢7(xo) = ¢; (x,) (rational expectations).

7. ®Y(a,e) and @M (w, a, e) are the time-invariant distributions resulting from optimal

behavior.
8. [ JadV(a,e)dade + [ [ [ a ®M(w, a, e)dwdade =

KFaw)[ [ [ @M (w,a,e)dwdade + [ [ kY (a,1) ®Y(a,1)da (capital market

clearing).

In the next section I show the existence of a unique stationary rational expectations
equilibrium.
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2.3.2. Existence Of Equilibrium

In order to show the existence of a unique stationary equilibrium I introduce some
important lemmas. First, the assumptions of directed search and rational expectations

allow me to derive the following:

LEMMA [: All vacancies paying a given wage w have the same queue length in

equilibrium. The higher the wage posted, the higher the queue attracted in equilibrium.

PROOF: The opposite cannot be true. If two jobs with the same wage offer had different
queue lengths in equilibrium, agents would redirect their search toward the job with the
shorter queue, increasing their probability of getting the job. Similarly, if two jobs had
the same queue but one had a higher wage, agents would redirect their search towards the

job with the higher wage, since the probabilities of getting the job are identical.

This lemma allows us to replace q(®) with q(w). From now on I will refer to the firm as

posting vacancies or wages interchangeably.

LEMMA 2: Given Dy(w), all posted wages w € () satisfy

(10) Ma@lrw) ) (15=) Dew) = c(+7) =0
t=0
PROOF: Substituting the free entry condition JY=0 into the Bellman equations (8) and (9)
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and using rational expectations I find that

c(1+r)

M —
S W) = ]

t

o =m0 Y () iw

Combining these two equations one gets equation (10).

This lemma is important because it states that in equilibrium, queue lengths to
different wages are determined endogenously as a function of the market interest rate and

firm's expectations on match durations.

LEMMA 3: The value functions U(-) and W (-) exist and are continuously increasing in a

and e. W () is strictly increasing in w.

PROOF: See appendix.

LEMMA 4: A stationary rational expectations equilibrium always exists.

PROOF: See appendix.
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3. Characterization Of Optimal Behavior

3.1. Transitions Into Self-Employment

Depending on parameter values, two different types of entry into self-employment can
occur in equilibrium. These differ on whether the newly self-employed worker searches
for a job at a firm while self-employed or not. I define entrepreneurial entry into self-
employment as entry by workers who do not search for a job at a firm while self-
employed, and stopgap entry as that by workers who search for a job at a firm while self-
employed.

Workers entering self-employment with an entrepreneurial motive have different
characteristics than those entering with a stopgap motive. Under certain parameter values,
entrepreneurial entry is only observed among workers who have a business project.
Furthermore, in the case of matched workers with a business project, entrepreneurial
entry is observed only among relatively rich workers.® More specifically, there exists a
threshold level of assets a” (w, 1) such that a matched worker with a business project
decides to quit his job and becomes self-employed only if a > a"'(w, 1).” This result
hinges upon the credit constraint assumption. Self-employed agents with low assets are
forced to operate their business at an inefficiently low scale, causing income while self-

employed with a business project to be too low compared to wages paid by firms. For this

¥ This statement is not true if the disutility from working is too high and/or the productivity of self-
employed workers with a business project is relatively low. If the disutility from working is too high, only
poor workers work. Rich workers choose to be out of the labor force. If the productivity of the self-
employed worker with a business project is relatively low, all entries into self-employment are stopgap
entries.
’ I am unable to make this statement in a form of a lemma because the matched and unmatched workers'
value functions are not differentiable everywhere. Given that limg, o W (w, a;, 1) > limg, o U(ag, 1) and
U (ag,1) oW (wg,ae,1)
dag dag
defined over a relevant range, there exists a threshold level of assets a” (w, 1) such that the matched
worker decides to become self-employed only if a > a"(w, 1). This result is observed in the numerical
simulations of the model.

given that both U(a;, 1) and W (wy, a;, 1) are continuous functions, if are uniquely
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reason, matched workers with low assets decide to stay at the firm even if they have a
business project. Self-employed workers with higher assets can operate their businesses
at a more efficient level, which increases their business income and makes self-
employment more attractive.

Stopgap entry into self-employment is observed among poor unmatched workers. '’

This result hinges upon the credit constraint and the assumption that lim.,_,o u(c¢, ;) =
—oo, which guarantees that lim,, o S¥(a, ;) > limg,o N°(a, e;) = — co. In the case

of unmatched workers without a business project, given that both N°(ay, e;) and

. . .. ONS(ase asS(a et) .
S5 (ay, e;) are continuous functions, if a(at BN a(at 2 in a relevant range,"!
t t

(assuming these derivatives are uniquely defined over the relevant range), there exists a
threshold level of assets a*(0) such that an unmatched worker without a business project
decides to become stopgap self-employed if and only if a < a*(0), and searches for a job
while unemployed otherwise. Under certain parameter values, stopgap self-employment
can also be observed among poor unmatched workers with a business project. Given the
presence of borrowing constraints, sufficiently poor self-employed workers with a
business project have a relatively low labor income compared to the wages offered by
firms. For these workers to have a higher self-employment income in the future, an
increase in own wealth is required, which requires low levels of current consumption. If
consumption has to be relatively low for several periods in order for labor income while
self-employed to reach the level of wages paid by corporations, poor workers might find

it optimal to search for a job at a firm, even if they have a business project. There exists

' This statement is true only if the disutility from working is high enough. If the disutility from working is
low enough, even a relatively rich unmatched worker will use self-employment as a stopgap rather than
searching while unemployed.

" This property holds in numerical simulations for low asset levels.
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then a wealth threshold a*(1) such that an unmatched worker with a business project
decides to use self-employment as a stopgap if and only if a < a*(1), and enters self-
employment as an entrepreneur (i.e. does not search for a job at a firm) otherwise.'
Besides generating stopgap self-employment, labor market frictions also discourage
matched workers with a business project from becoming entrepreneurs. In the presence of
labor market frictions, the worker realizes that if his business fails in the future, he will
have to spend time searching for a job, which implies a cost in forgone income. Forward
looking workers realize this future cost, taking it into account at the time of making their
decision on whether to transition into self-employment. The fact that workers who search
for a job obtain their target job with probability less than one reduces the value of being
an unmatched worker searching for a job at a firm. This effect can lead some matched
workers not to enter self-employment in the first place. I call this reason not to enter self-
employment fear of failure." I choose this name because, if workers voluntarily select
themselves into self-employment, the option to search for a job at a firm only has a
positive shadow value when the self-employed worker loses his business project. This
fear of failure also translates into higher wealth thresholds for transitioning into
entrepreneurship, as workers insure themselves against the probability of becoming

stopgap self-employed.

3.2. Transitions Out of Self-Employment

Three types of transitions out of self-employment can occur: exit from the labor force,

asS(ap1) . asNS(a;,1)
dag dag

defined). This property holds in numerical simulations for low asset levels.

13 A mathematical discussion of the fear of failure is presented in the appendix.
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transition to unemployment and transition into jobs at a firm in the corporate sector. Exits
from the labor force are observed among very rich agents. For these workers leisure
yields a higher utility than the extra income from working full time, either at their
business or at a firm. Transitions into unemployment happen if S°(a,, e;) < N5(a, e;)
and N5(a, e;) > N S(a,, e;). This type of transition out of self-employment is observed
among relatively rich agents who lose their business project.

To understand transitions into jobs at a firm in the corporate sector by self-employed
workers one needs to analyze first whether a self-employed worker searches for a job at a
firm, and then, if he does, which wage does he target. The wage application decision is
important because the probability of getting a job, and therefore the probability of
transitioning out of self-employment, depends on the chosen wage. With respect to
whether self-employed workers apply to a job, their decision is made by comparing the
value of searching and not searching. If the income of self-employed workers without a
business project is low enough compared to the wages offered by firms in equilibrium,
this group will always search. For self-employed workers with business projects, the
decision on whether to search might depend on their asset holdings, given the existence
of credit constraints that prevent some self-employed workers from operating their
businesses at an efficient scale.'*

With respect to optimal wage application, given that in the model jobs differ only in

the wages paid, a worker would prefer having a high wage job. However, high paying

"1t is important to note that the wealth threshold below which a self-employed worker with a business
project decides to search for a job is not given by the level of assets that makes labor income of the self-
employed worker equal to w"(a,e,). Workers might not look for a job, even if their labor income as self-
employed is lower than w"(a,e,). The reason is that there is an option value of remaining self-employed,
given the assumption that a worker with a business project loses his project if he transitions into
employment at a firm. This option value is higher, the harder it is to come across business projects and the
higher the self-employed worker's wealth (given that higher wealth leads to higher self-employment
income).
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jobs are harder to get in equilibrium. Therefore, applying to a high wage job is more risky
than applying to a low wage job in the sense that a high wage job is less likely to be
obtained. How much risk a worker will be willing to take when applying for a job

depends on his wealth and on the coefficient of absolute risk aversion.

LEMMA 5: If the utility function presents decreasing absolute risk aversion (DARA),

owY(aser) owY(aer)

> 0. For increasing absolute risk aversion (IARA), < 0. Finally,

aat aat

. . . . owY(agep)
constant absolute risk aversion (CARA) implies ————= = 0.

The impact of wealth on wage application decisions is of particular importance
because it is the basis on which firms form expectations of employment duration. For
DARA or IARA, given the realization of the worker's business project shock, there is a
one-to-one relation between asset holdings and wage applications. This is not true for
CARA given that the wage application does not depend on wealth. In this case, firms'
expected employment duration is given by the population average employment duration
over subgroups of workers with a business project and without a business project.

The model also has predictions on how unmatched workers searching for a job change
their wage application decision as their search duration increases. For these workers
being unmatched is a relatively bad option. If they are impatient enough, their asset
holdings decrease. Lower assets lead agents to apply for lower wages assuming DARA
utility. This behavior generates a positive relation between search duration and the

probability of finding a job.
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3.3. Wealth Accumulation

Studying workers' saving decision is important not only because asset holdings play an
important role in the decisions to become and remain self-employed, but also because the
economy's behavior in general equilibrium depends crucially on the equilibrium interest
rate, which is a function of the wealth distribution.

There are five forces that influence workers' decision on how much to save. The first
three forces are present in most models with a saving decision while the last two forces
are specific to dynamic career choice models with a constraint on borrowing. The first
force is related to a permanent income motive for saving, with agents saving more in
periods when labor income is high. The second force is related to a precautionary motive
for saving. If the agent's utility function has a positive third derivative, workers save in
order to afford higher levels of consumption in case they become exogenously separated
or lose their business project. The third force is impatience. Workers have incentives to
reduce or increase their asset holding over time depending on whether the discount factor
B is smaller or greater than (1+r)™".

The fourth force, only present among constrained self-employed workers with a
business project, is a higher return on savings. While for all other workers the return on
savings is given by the interest rate, for constrained self-employed workers with a
business project the return on saving is given by the marginal product of physical capital,
which is higher than the market interest rate.

The last force is related to the possibility of becoming self-employed in the future.
Agents working for a firm who get a business project will not enter self-employment

immediately if their assets are low. Instead, they remain at a firm until they have saved
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enough to start their business at a sufficiently big scale. This behavior implies a loss in
lifetime income, so workers save in order to reduce the time spent out of self-
employment when having a business project.

Given all the different forces affecting savings, interactions among these forces
emerge. One of the more important interactions is between the permanent income motive
and the return on savings. Constrained self-employed agents with a business project have
a relatively high marginal product of capital, which leads them to save more. If the
wealth of the self-employed worker with a business project is relatively high, his labor
income is also relatively high compared to the wages paid by corporations. The
permanent income motive then creates further incentives to increase savings. For these

two reasons credit constrained self-employed agents tend to have very high saving rates.

3.4. General Equilibrium Implications

The equilibrium interest rate, which is affected by the wealth distribution, is an
important indicator of the properties of the equilibrium because it affects the behavior of
both matched and unmatched workers as well as the behavior of firms in the corporate
sector. First, interest rates affect the size of corporate firms as well as the size of the
businesses owned by self-employed workers with a business project. In the case of firms
in the corporate sector, the optimal capital demand equates the marginal product of
capital to the rental price. The lower the interest rate, the more capital is rented by firms
and the more output is produced. In the case of self-employed workers with a business
project, a lower interest rate reduces the return to lending compared to the return to

investing in their own businesses, which leads self-employed workers to increase the
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optimal size of their businesses.

Interest rates also affect the number of corporations that decide to enter the market,
which has implications for the set of wages that are offered in equilibrium and the queue
lengths associated with different wages. To see these effects more clearly, recall that

wages offered in equilibrium have to satisfy the following equation:

na@)Inw) Y (75) Dew) =L +7) =0
t=0
If the interest rate decreases, c(1+r) decreases and, for any given wage w, m(w)

increases. For the equation above to be satisfied, n[q(w)] and/or (ﬁ)t D;(w) need to
decrease in equilibrium. If D, (w) is relatively insensitive to the interest rate'”, the queue
associated with the wage w needs to decrease in equilibrium. For queue lengths to
decrease, more firms need to enter the market, which causes workers applying to a wage
w to be spread over more firms in equilibrium. Given this reduction in queue lengths,
jobs paying a wage w become easier to get. On the other hand, this effect implies that
vacancies posting a wage w become more difficult to fill. Therefore, a lower interest rate
results in risk being shifted from workers to firms, which is efficient given that firms are
risk neutral and workers are risk averse.

This reduction in the risk of applying to a certain wage has two additional effects.
First, it encourages workers to apply to higher wages, which affects the set of wages
offered in equilibrium. In particular, both the lowest and highest wages offered are now

higher. Second, as argued above, one of the reasons matched workers might not become

self-employed is the fear of failure, resulting from the fact that it takes time for

"% In the numerical simulation of the model we find that expected match durations in equilibrium are largely
insensitive to the interest rate.
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unsuccessful self-employed workers to find a job at a firm. Given that jobs become easier
to get when the interest rate is lower, the fear of failure motive becomes weaker when the
interest rate decreases. This increases incentives for matched workers with a business

project to enter self-employment.

4. Numerical Solution

4.1. Calibration

To better understand how labor market frictions and credit constraints affect workers'
behavior and the general equilibrium, the model is solved numerically in this section. To
do this, one needs to choose the duration of the time period, the functional forms of the
utility function, the production function and the matching function, as well as other
parameters of the model. Most parameter values used are either obtained from previous
empirical studies or are values commonly used in previous literature. Parameters that
cannot be chosen in this fashion are calibrated to match certain moments of the U.S. data.

To account for the short duration of some observed unemployment and self-
employment spells, the duration of the time period is one month. The worker's utility

function is assumed separable in consumption and leisure and has the following form:

1-0

o
u(en ly) = lt_ o Dl

Remember that the worker either works full-time or does not work, so /; must be either 0
orl.
The production functions for corporations and self-employed businesses are:

a5 = Ak

29



qi¢ = b + e,.Bk!
respectively. Note that for a self-employed worker without a business project e~=0 and the
production function is independent of the physical capital stock.

For the probability of a firm finding a worker I use the urn-ball matching function

nlaw)] =1 - exp(-yqw))
I choose this functional form because it emerges in the limit as the number of workers
applying to a wage w and the number of vacancies posting that wage approach infinity,
keeping q(w) fixed. This function assumes that workers looking for a job with wage w
apply to all vacancies posting that wage with the same probability, without coordinating
their applications. When only coordination frictions are present, y is always one. Having
a value of y smaller than one allows me to introduce extra matching frictions into the
model.

Having specified the functional forms for the utility, production and matching
functions, there are fifteen parameters to be chosen: two parameters related to the utility
function (o and D), a discount factor (p3), five parameters related to the production
functions (A, a, b, B, i), one parameter in the matching function (y), one parameter for
exogenous separations (s), one parameter for the cost of posting a vacancy (c), one
parameter for the depreciation rate (5), one parameter for the borrowing constraint (1) and
two parameters for the transition matrix for the business project shock. I call the

get

probability of getting a business project shock pr=™ and the probability of losing a

. . 1
business project pr .

The coefficient of relative risk aversion o used is 1.5. This is a value in the range

commonly used in numerical simulations of similar models. It is also the value used by
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Cagetti and De Nardi (2005), and is close to that estimated by Attanasio et al. (1999). The
discount factor B is set at 0.994, which implies an annual discount of 0.95, a value
commonly used in numerical simulations of similar models.

Both the cost of posting a vacancy (c) and A, a parameter describing the state of
technology for firms in the corporate sector, are normalized to 1. The parameter o, which
captures the income share in the corporate sector that goes to capital, is set to 1/3, a value
commonly used in the literature and consistent with findings by Gollin (2002). The
depreciation rate for capital is set to 0.66%. This value corresponds to a yearly
depreciation rate of 7%, which is consistent with the depreciation of machinery estimated
by the Bureau of Economic Analysis (2003). The probability of exogenous separation s is
set to 2.6% per period, as estimated by Davis et al. (2008). Finally, the parameter
capturing the credit constraint on entrepreneurs, A, is set at 1.44 to match the estimate of

Evans and Jovanovic (1989).

get lose

The remaining seven parameters (D, b, B, p,y, pr= and pr™") are calibrated to match
some moments in the data. The selected moments to match are calculated from a sample
of workers in the Panel Study of Income Dynamics (PSID) used in Rasteletti (2009b),
that merges data from the years 1989 and 1994. The two parameters capturing the

lose

probability of workers obtaining and losing their business projects (pr and pr®) are
selected to match the proportion of entrepreneurs in the data and the average duration of
an entrepreneur's business in the data. In the PSID sample, 7.28% of all workers in the

labor force are entrepreneurs and the average duration of an entrepreneur's business is

4.72 years.16 The parameter y, which captures the severity of labor market frictions, is

' Identifying entrepreneurs in the data is not a simple task. Most empirical studies define entrepreneurs
either as business owners or as self-employed workers. Given that both empirical definitions of
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calibrated so that the median duration of an unemployment spell is two months. This is
the median unemployment duration in the PSID sample.

The labor income of a self-employed worker without a business project using self-
employment as a stopgap, b, is calibrated so that in equilibrium the ratio of the mean
labor income of workers using self-employment as a stopgap to the mean labor income of
matched workers equals the same ratio in the data. In the PSID sample used in Rasteletti
(2009b) this ratio is 0.65. The parameter D, which captures the disutility from working, is
calibrated to match the proportion of workers in stopgap self-employment. Rasteletti
(2009b) finds that approximately 2.27% all workers in the labor force use self-
employment as a stopgap. Finally, the remaining parameters (B and p) are calibrated to
match the proportion of unemployed workers in the economy (6.11%) and the ratio of the
average wealth of entrepreneurs to the average wealth of matched workers (6.21).

Table 1.1 summarizes the parameters used in the numerical solution of the model while
Table 1.2 shows the moments generated by the model vis-a-vis the data moments
targeted. The rest of this section is organized as follows: I first do a partial equilibrium
analysis of how workers' decisions change when facing different labor market frictions
and different borrowing constraints. While doing this I keep the interest rate and the
queues associated with the different wages posted by firms fixed. Next, I look at the

general equilibrium implications of labor market frictions and borrowing constraints.

entrepreneurship have problems (not all business owners or self-employed workers are entrepreneurs),
some studies prefer to define entrepreneurs as self-employed business owners. This is the definition used in
Rasteletti (2009) and in this paper to identify entrepreneurs. All other self-employed workers are treated as
being in the stopgap group.
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TABLE 1.1: Parameter Values

Fixed Parameters Calibrated Parameters

Parameter Value Parameter Value
B 0.994 D 0.25
o 1.5 b 2.5217
C 1 B 0.18
A 1 w 0.70
(0} 1/3 Y 0.60
5 0.0066 pre 0.0014
s 0.026 pr= 0.0177
A 1.44

4.2. Workers' Decision Rules

To analyze the effects of credit constraints and labor market frictions on workers'
behavior, I fix the interest rate at 3.2%,17 and assume that the queues associated with
wages are those implied by equation (10), assuming that firms believe that workers
remain matched until they get a business project or are separated exogenously. We do
this in order to identify how labor market frictions and credit constrains affect workers'
behavior, without confounding these impacts with the effects of changes in the interest
rate or in the wage offer distribution. To better understand the effect of labor market
frictions, in this section I sometimes refer to the behavior of workers in a special case

with no labor market frictions. In this special case workers always get the job they apply

' This is the interest rate that emerges in equilibrium in the benchmark calibration.
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to and firms always fill their vacancies in equilibrium. This case is explained in more

detail in appendix L.4.

TABLE 1.2: Data and Model Moments

MODEL DATA
LABOR FORCE (L.F.) COMPOSTION
Proportion of Entrepreneurs in L.F. 7.28 7.28
Proportion of Stopgap Self-Employed in L.F. 2.30 2.37
Proportion of Unemployed in L.F. 6.37 6.11
DURATIONS
Mean Duration Entrepreneurs 4.72 yrs 4.72 yrs
Duration Unemployment (Median) 2 mo. 2 mo.
LABOR INCOME (L.1.)
Ratio Mean L.I. Stopgap to Mean L.I. Matched 0.65 0.65
Workers
WEALTH
Ratio Mean Wealth Entrepreneurs to Mean Wealth 6.44 6.21

Matched Workers

Transitions into self-employment can happen among workers with or without a

business project. In my simulations, transitions into self-employment by workers without

a business project only happen in equilibrium among relatively poor unmatched
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workers.'® Relatively rich unmatched workers without a business project choose to search

while unemployed, in order to enjoy leisure. The wealth thresholds below which an

unmatched worker without a business project prefers self-employment to unemployment

depend on the extent of labor market frictions and on the severity of credit constraints

faced by self-employed workers. A summary of the different thresholds for different

combinations of labor market frictions and credit constraints is presented in Table 1.3.

TABLE 1.3: Transitions into Self-Employment by Unmatched Workers without

Business Project: Wealth Thresholds.

Credit Cons. Low Benchmark Tighest
L.M. Fric. (A=1.80) (A=1.44) (A=1)
None Never Never Never
Benchmark (y=0.60) <131.5209 <134.3614 <137.3584
(2.82 yrs) (2.89 yrs) (2.95 yrs)
Intermediate (y <142.7032 <147.1181 < 152.7905
=0.30) (3.06 yrs) (3.16 yrs) (3.28 yrs)
High (y =0.15) <169.4828 <171.9853 <174.9970
(3.64 yrs) (3.69 yrs) (3.76 yrs)

Note: Numbers in parenthesis normalize the wealth thresholds by the maximum annual
labor income if matched. Workers below the wealth threshold use self-employment as a
stopgap. Y =x implies that the job finding rate cannot be higher than x.

' Out of equilibrium, transitions into self-employment can also happen among matched workers without a
business project currently receiving a wage below a certain wage threshold. This finding depends critically
on my assumption that matched workers are not allowed to search for a job. Matched workers without a
business project receiving a low wage find it optimal to separate from firms to become self-employed and
search for a job paying a higher wage. I do not observe this type of transition in equilibrium, given that
workers always apply to wages above the threshold for this type of endogenous separation.
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Several results are worth highlighting. First, when labor market frictions are not
present, unmatched workers without a business project never transition to self-
employment. If workers are exogenously separated from their jobs they immediately start
working for another firm in the corporate sector, given the low labor income if they
become self-employed without a business project. Therefore, stopgap self-employment
cannot be present unless labor market frictions are present. Secondly, the wealth
threshold below which an unmatched worker without a business project transitions into
self-employment is higher, the more severe the labor market frictions. Thirdly, the wealth
threshold below which an unmatched worker without a business project transitions into
self-employment is higher, the more restrictive the borrowing constraints on the self-
employed. These last two effects are a consequence of a permanent income effect. For
unmatched workers without a business project, permanent income is higher when labor
market frictions are lower and borrowing constraints are less restrictive.'” Given this
higher permanent income, unmatched workers without a business project find it optimal
to consume leisure at some levels of assets for which they would choose stopgap self-
employment under stricter labor market or borrowing frictions.

With respect to transitions into self-employment by workers with business projects,
credit constraints generate wealth thresholds below which a matched worker with a
business project does not transition into self-employment. This is because the labor
income while self-employed is lower than the wage obtained at the firm if the worker's

wealth is low, since low wealth forces entrepreneurs to operate at an inefficiently small

' Note that relaxing borrowing constraints does not immediately benefit stopgap entrepreneurs without a
business project. For these workers current self-employment income equals b, and therefore is independent
of physical capital. Their permanent income is higher because their future labor income is higher when they
do get a business project.
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scale. Unlike credit constraints, labor market frictions alone do not deter entry by self-
employed workers with a business project, unless they are very strong. However, mild
labor market frictions do increase the wealth thresholds when there are credit constraints
on the self-employed. This result stems from the worker's fear of losing the business
project and remaining unmatched for several time periods, which I refer to as the fear of
failure effect. The thresholds for entry for different combinations of credit constraints and

labor market frictions are shown in table 1.4 below.

TABLE 1.4: Transition into Self-Employment by Workers with Business Project.

Cred.Con Low Benchmark Tighest
L.M.Frict. (A=1.80) (A=1.44) (A=1)
None >12.34(0.27 yrs) | >15.39(0.33 yrs) | >23.04(0.49 yrs)

Benchmark (y=0.60) | > 12.51 (0.27 yrs) | > 15.70 (0.34 yrs) | >23.60 (0.51 yrs)

Intermediate (y =0.30) | >12.79 (0.27 yrs) >16.05 (0.35 yrs) >24.11 (0.52 yrs)

High (y=0.15) >13.27 (028 yrs) | >16.97 (0.36 yrs) | >24.70 (0.53 yrs)

Note: Numbers in parenthesis normalize the wealth thresholds by the maximum annual

labor income if matched. y =x implies that the job finding rate cannot be higher that x.

Several findings are worth highlighting. Firstly, in the absence of labor market frictions
and borrowing constraints, all workers in the labor force that get a business project decide
to become self-employed, and those without a business project decide to work for a firm
in the corporate sector, as long as their wealth is below the leisure threshold. Otherwise

they choose to be out of the labor force. Secondly, the entry threshold for matched
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workers with a business project is highly sensitive to the extent of credit constraints. In
the benchmark case with y=0.60, the wealth threshold for transitioning into self-
employment is increased by 50.32% when A changes from 1.44 to 1. This is because A=1
forces new self-employed workers to finance all capital used for production out of own
financial wealth. Therefore, when A =1, matched workers with a business project require
a higher level of wealth to enter self-employment, in order not to experience a drop in
labor income upon entry.

Thirdly, when labor market frictions are initially at a low level the wealth thresholds
for entry into self-employment are not highly sensitive to small changes in the extent of
labor market frictions. Changes in the extent of labor market frictions have a much bigger
effect on the wealth threshold for transitioning into entrepreneurship when they are at a
higher initial level. In the benchmark case when y =0.60 and A=1.44, the wealth threshold
for matched workers with a business project to transition into self-employment only
increases by 2.29% when vy is reduced by half to 0.30. When labor market frictions are
further reduced by half to 0.15, the wealth threshold now increases by 5.73%, about two
and a half times higher than the previous value. This reflects the increase in the fear of
failure motive. When y =0.60, it takes about two months on average for a worker to find a
job given their optimal wage application. Given this short search spell and the fact that
self-employed workers have a positive labor income while searching, the fear of failure
motive is relatively very weak and the effect of labor market frictions on the wealth
threshold for transitioning into self-employment is very small. When y =0.15, it takes a
about eight months on average for a worker to find a job given their optimal wage

application. The fear for failure motive is now more important, generating a higher
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increase in the wealth threshold for transitions into self-employment.’

Three types of transitions out of self-employment occur in the current calibration of the
model. First, self-employed workers with very high wealth, with or without a business
project, exit the labor force to enjoy leisure. Second, relatively rich self-employed
workers leave self-employment to search for a job while unemployed after losing their
business project. Third, transitions out of self-employment directly into employment at
firms occur among self-employed workers who choose to search for a job at a firm. In my
simulations, I find that in equilibrium all self-employed workers without a business

project search for a job while those with a business project do not.

4.3. General Equilibrium Results

4.3.1. Implications of Credit Constraints on Entrepreneurs

For relatively mild labor market frictions, changes in the tightness of credit constraints
do not affect the proportion of entrepreneurs in the economy. This result is due to the fact
that in equilibrium all workers have asset holdings that are higher than the wealth
thresholds for entry into self-employment by workers with a business project. Therefore,
whenever a worker working for corporation gets a business project, he quits his job to
become an entrepreneur. For this reason, the proportion of entrepreneurs in the economy
is insensitive to the tightness of credit constraints.

Even if credit constraints do not prevent workers from becoming entrepreneurs, they

do prevent the majority of entrepreneurs from running their business at an efficient scale.

2 Remember that here we are only doing a partial equilibrium analysis, keeping the interest rate and the
wage offer distribution fixed. In general equilibrium, the increase in the labor market frictions leads to a
lower interest rate and higher wages offered. These higher wages increase the opportunity cost of not
having a job at a corporation, which further increases the wealth threshold for transition into
entrepreneurship.
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Table 1.8 below shows that the average output of entrepreneurs is highly sensitive to the
extent of credit constraints. Compared to the benchmark case with y=0.60 and A=1.44, the
average output of a self-employed worker is 29.22% lower when entrepreneurs have no
access to credit (A =1).

Interestingly, table 1.5 shows that tighter credit constraints on entrepreneurs increase
the proportion of workers using self-employment as a stopgap, even though credit
constraints do not affect this group of self-employed workers directly. This result
emerges from two effects. First, when studying the effect of credit constraints on the
decision of unmatched workers to be unemployed or to use self-employment as a
stopgap, we observed in the previous section that the wealth threshold below which
workers decide to use self-employment as a stopgap is increased when credit constraints
are tightened due to a permanent income effect. All else equal, this increase in thresholds
tends to increase the proportion of workers using self-employment as a stopgap. The
second effect comes from changes in the behavior of firms both in the corporate and non-
corporate sector. When credit constraints on entrepreneurs are tightened, self-employed
workers produce less and accumulate lower levels of wealth, which reduces aggregate
wealth (see Table 1.6). As a consequence of lower aggregate wealth the equilibrium
interest rate increases, which reduces profits of firms in the corporate sector. This
reduction of profits results in fewer vacancies being posted at all wage levels and reduces
the exit rate from stopgap self-employment, which leads to an increase in the proportion

of workers using self-employment as a stopgap.
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TABLE 1.5: Proportion of Workers Using Self-Employment as a Stopgap.

Cred.Cons. Low Benchmark Tighest
L.M.Frict. (A=1.80) (A=1.44) (A=1)
None 0 0 0
Benchmark (y=0.60) 2.24 2.30 2.48
Intermediate (y =0.30) 6.03 6.22 6.67
High (y =0.15) 12.99 13.40 13.99

Note: y =x implies that the job finding rate cannot be higher that x.

TABLE 1.6: Aggregate Wealth.

Cred.Cons. Low Benchmark Tighest
L.M.Frict. (A=1.80) (A=1.44) (A=1)
None 235.1648 204.1200 174.4622
Benchmark (y=0.60) 213.6409 194.6207 173.7297
Intermediate (y =0.30) 207.6407 189.0099 167.8621
High (y =0.15) 199.6007 178.4287 157.7756

Note: y =x implies that the job finding rate cannot be higher that x.

The higher aggregate wealth and lower interest rate in equilibrium when credit
constraints on entrepreneurs are relaxed have some important implications for other key
aggregates, in particular wage offers and aggregate output. With respect to wages, a
lower interest rate increases wages offered by corporations and increases the probability

of a workers getting a job at any given wage, due to the increase in vacancies posted by
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firms at a given wage. When interest rates are lower, workers searching for a job apply to

higher wages given the reduction in the associated risk, which results in workers having

higher wages in equilibrium (see table 1.7).

TABLE 1.7: Wages and Interest Rate.

Cred.Cons. Low Benchmark Tighest

L.M.Frict. (A=1.80) (A=1.44) (A=1)
Interest Rate
Benchmark (y=0.60) 3.12 3.18 3.42
Intermediate (y =0.30) 2.98 3.05 3.29
High (y =0.15) 2.62 2.74 3.05
Wages

Benchmark (y=0.60) 3.8553 3.8464 3.8094
Intermediate (y =0.30) 3.8778 3.8670 3.8286
High (y =0.15) 3.9423 3.9207 3.8671

Note: y =x implies that the job finding rate cannot be higher that x.

With respect to the effect of labor market frictions on output, the decrease in the

equilibrium interest rate resulting from more severe labor market frictions leads firms in

the corporate sector to rent more capital for production, which increases output per firm

(see table 1.8).
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TABLE 1.8: Aggregate, Corporate and Self-Employed Output.

Cred.Cons. Low Benchmark Tighest (A=1)
L.M.Frict. (A=1.80) (A=1.44)
Aggregate Output
Benchmark (y=0.60) 6.7383 6.4317 6.0504
Intermediate (y =0.30) 6.6251 6.3114 5.9022
High (y =0.15) 6.4377 6.0961 5.6952
Proportion of Total Output Produced by Corporations
Benchmark (y=0.60) 71.89 76.24 81.76
Intermediate (y =0.30) 70.00 74.29 79.63
High (y =0.15) 66.46 70.65 75.90
Average Corporate Output
Benchmark (y=0.60) 5.8490 5.8351 5.7765
Intermediate (y =0.30) 5.8870 5.8680 5.8074
High (y =0.15) 5.9827 5.9495 5.8683
Average Self-Employed Output

Benchmark (y=0.60) 25.2331 20.1908 14.2913
Intermediate (y =0.30) 25.2085 20.1238 14.1941
High (y =0.15) 25.1492 19.9326 14.0129

Note: y =x implies that the job finding rate cannot be higher that x.

This increase in the productivity of firms in the corporate sector combined with the
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increase in productivity of self-employed workers leads to an increase in aggregate output
when credit constraints are relaxed. In the case y =0.60, going from a situation where
entrepreneurs are not allowed to borrow (A =1) to one where A =1.44 increases aggregate
output by 6.3%. Interestingly, this increase in aggregate output happens despite a
decrease in the fraction of workers employed due to the larger proportion of wealthier

workers who choose leisure over employment (see Table 1.9).

TABLE 1.9: Labor Force Participation.

Cred.Cons. Low Benchmark Tighest
L.M.Frict. (A=1.80) (A=1.44) (A=1)
None 89.43 91.04 93.42
Benchmark (y=0.60) 93.28 94.43 95.99
Intermediate (y =0.30) 93.73 94.81 96.10
High (y =0.15) 94.15 95.29 97.29

Note: y =x implies that the job finding rate cannot be higher that x.

One of the main differences between the quantitative results in this chapter and the ones
in Cagetti and DiNardi (2006) is that more severe borrowing constraints do not affect the
number of entrepreneurs in the economy in my model, while they reduce the number of
entrepreneurs in Cagetti and DeNardi’s baseline calibration.”' This difference is mainly

due to the fact that they do a better job at matching the wealth distribution. In my

*!' T only compare my results t Cagetti and DeNardi (2006) because their model and motivation are
relatively similar to mine. The main difference of their paper with mine, besides the fact that their model
does not include labor market frictions, is the way credit constraints are modelled. While in my model
credit constraints are exogenous, in their model the borrowing constraints are endogenously determined.
They originate from an assumption of imperfect enforceability of contracts.
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calibration, all workers have asset holdings that are higher than the wealth thresholds for
entry into self-employment by workers with a business project. Therefore, the proportion
of entrepreneurs in the economy is insensitive to the severity of the borrowing
constraints. Besides this difference, most other qualitative results are similar. We both
find that more severe borrowing constraints reduce the average firm output, the aggregate
capital stock and the interest rate in equilibrium. Quantitative results are difficult to

compare due the differences in model assumptions and calibration.

4.3.2. Implications of Labor Market Frictions

Changes in the severity of labor market frictions do not affect the proportion of
entrepreneurs in the economy. This result is due to the fact that in equilibrium all workers
have asset holdings that are higher than the wealth thresholds for entry into self-
employment by workers with a business project. Therefore, whenever a worker working
for corporation get a business project, he quits his job to become an entrepreneur. For this
reason, the proportion of entrepreneurs in the economy is insensitive to the severity of
labor market frictions. Labor market frictions have a much bigger impact on the
proportion of workers using self-employment as a stopgap. Table 1.5 shows that starting
from the benchmark case with y =0.60 and A =1.44, reducing y to 0.30 increases the
proportion of workers using self-employment as a stopgap from 2.30% to 6.22%. The
proportion of unemployed workers also increases, as do the durations of unemployment
and stopgap self-employment spells (see Table 1.10).

I find that more severe labor market frictions lead to a decrease in both the interest rate

and the aggregate wealth (see table 1.6 and 1.7). The interest rate decreases both because
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the supply of capital shifts to the right due to workers saving more out of precaution, and
because the lower number of firm-worker matches shifts the demand for capital to the
left. With respect to aggregate wealth, there are two opposing forces at work. On the one

hand, the fact that labor market frictions are more severe creates incentives to save more

out of precaution. On the other hand, the reduction in the demand for capital reduces

interest rates, which reduces workers incentive to save. I find that the latter effect

dominates, leading to a reduction in the aggregate wealth in the economy. The lower

interest rate also generates higher wage offers and more vacancies being posted, which

partially offsets the impact of higher unemployment risk introduced by the stronger labor

market frictions.

TABLE 1.10: Unemployment Rates and Average Durations.

Cred.Cons. Low Benchmark Tighest
L.M.Frict. (A=1.80) (A=1.44) (A=1)
Unemployment Rate
Benchmark (y=0.60) 7.66 6.22 4.60
Intermediate (y =0.30) 7.92 6.59 5.11
High (y =0.15) 8.21 6.93 5.07
Average Search Duration
Benchmark (y=0.60) 2.25 months 2.26 months 2.30 months
Intermediate (y =0.30) 4.42 months 4.47 months 4.55 months
High (y =0.15) 8.83 months 8.87 months 8.94 months

Note: y =x implies that the job finding rate cannot be higher that x.
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As one might expect, when labor market frictions become more severe, aggregate
output decreases. Changes in labor market frictions also have some interesting
implications both for the composition of aggregate output as well as for the productivity
of firms in the corporate and non-corporate sector (see Table 1.8). More severe labor
market frictions lead to a decrease of total output in the corporate sector and to an
increase of output in the non-corporate sector. The reduction of the corporate sector
output is due to the fact that there are fewer firm-worker matches in equilibrium, while
the increase in total output in the non-corporate sector is due to the increase in the
number of workers using self-employment as a stopgap. Labor market frictions also have
implications for the productivity of firms in both sectors. The lower interest rate in
equilibrium increases the amount of capital firms rent, which increases the average output
of firms in the corporate sector. However, the average output of self-employed workers
decreases when labor market frictions increase. This reduction in average output is not
only a consequence of the increased number of workers using self-employment as a
stopgap, but is also due to a reduction in the average productivity of the businesses of
entrepreneurs. The reason for the lower productivity of entrepreneurs is twofold. First,
the reduction of wealth holdings in steady state results in workers entering
entrepreneurship with lower levels of wealth, which reduces the average productivity of
new entrepreneurs. Secondly, the lower interest rate also leads existing entrepreneurs to
save less, and therefore the businesses of entrepreneurs grow at a slower rate. The lower
initial productivity of new entrepreneurs and the lower growth rate of existing

entrepreneurs explain the decrease in the entrepreneurs' productivity.
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4.3.3. Wealth Distribution

The main problem with the calibrated version of the model is that it fails to reproduce
the wealth distribution observed in the data. The calibrated model produces a very large
spike in the wealth distribution, which is not observed in the data. Figure 1.3 presents the
wealth distribution observed in the PSID sample used to calibrate the model. The figure
shows that the wealth distribution presents a spike at a wealth level close to zero. The
model fails to reproduce this fact. Figure 1.4 presents the wealth distribution obtained

using the baseline calibration of the model.** As can clearly seen, the wealth

Figure 1.3. Wealth Distribution - PSID
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22 The properties of the wealth distribution for other reasonable calibrations of the model present similar
features.
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Figure 1.4. Wealth Distribution - Model
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NOTE: This graph plots the portion of the economy’s wealth distribution for households
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distribution generated by the model presents a very large spike at $47,000. This spike is a

result of the characteristics of the saving function of the matched workers without a
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business project, who represent about 84% of workers in the economy. Figure 1.6 plots
the saving rate for an unmatched worker receiving the median wage in the economy.23
Notice that the saving rates are positive for workers with wealth below $47,000 and
negative for workers with wealth above $47,000. This then explains the peak of the
wealth distribution at $47,000. The existence of agents with wealth level below the peak
is mainly explained by the presence of unmatched workers without a business project,
who have negative saving rates throughout the wealth domain. Given the relatively short
duration of unemployment and stopgap self-employment spells and the high saving rates
of unmatched workers without a business project, the calibrated model fails to generate a
relatively high fraction of workers with wealth holdings close to zero, as observed in the

data.

Figure 1.6. Saving Rates — Matched Workers without a Business Project.
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NOTE: The wage used in the graph equals the median wage in the economy.

2 For the wages observed in the economy in equilibrium, the location of the saving rate is barely affected
by wage level.
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5. Conclusions

The model developed in this dissertation chapter generates rich interactions between
labor market frictions, credit constraints and self-employment that have implications for
worker decision rules as well as some key aggregate variables. The presence of labor
market frictions and credit constraints generates both entrepreneurial and stopgap self-
employment, and affects workers' decision to become self-employed. In particular, labor
market frictions create a motive not to enter self-employment, which I label fear of
failure. In the model, the fear of failure is based on the probability that an entrepreneur
loses the business project and experiences a spell of unemployment. While this is not
costless, a two or three month spell of unemployment is unlikely to be a major cost to the
worker. However, there are other costs not included in this model that might be more
important. For example, workers may have to disrupt their career path and human capital
accumulation to become entrepreneurs. If workers have to re-enter at or close to the
bottom of the career ladder when they return to the corporate sector as a worker, the fear
of failure may play a much more important role.

The model also reveals that labor market frictions and credit constraints on
entrepreneurs have important general equilibrium implications. Tighter credit constraints
on entrepreneurs not only reduce the total output produced by the businesses of
entrepreneurs, but also increase the proportion of workers using self-employment as a
stopgap as well as the duration of the stopgap self-employment spells. Meanwhile, more
severe labor market frictions not only reduce aggregate output and increase the number of
workers who are unemployed or using self-employment as a stopgap, but also lead to a

reduction in the average productivity of entrepreneurs.
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While both the theoretical and numerical findings show the importance of analyzing
the interactions of labor market frictions, credit constraints and self-employment in a
general equilibrium setting, one of the limitations of the existing model is that it cannot
generate a wealth distribution that resembles that in the US data. This is partly due to the
strength of the precautionary saving motive, which leads relatively poor workers to have
high saving rates while employed at firms to avoid finding themselves in the stopgap
state in the future. As a result, the wealth distribution that emerges in the stationary
equilibrium does not have many poor workers. This is a standard result in incomplete
markets models where workers face uninsurable idiosyncratic risk. Researchers have
solved this problem by modeling different types of government insurance programs,
which reduce the strength of the precautionary saving motive. Introducing some type of
insurance into my model to obtain a more realistic wealth distribution is left for future
work. However, as long as this insurance is not complete, the interactions of credit
constraints, labor market frictions and self-employment analyzed in this chapter are likely

to remain relevant for explaining the main features of the equilibrium.
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Chapter 2: Stopgap Self-Employment: Evidence from the PSID.

1. Introduction

Economists studying the reasons why workers become self-employed have
traditionally argued that some workers are "pulled" into self-employment while others are
"pushed" into it (Parker 2004, Dawson et al. 2009). Workers pulled into self-employment
are those who choose to become self-employed due to the pecuniary and/or non-
pecuniary benefits of being self-employed.”* Workers pushed into self-employment are
those who become self-employed after failing to find a paid job working for others. If
workers become self-employed for different reasons, one would then expect to observe
important differences in behavior between different groups of self-employed workers.
Workers pushed into self-employment should have relatively short self-employment
spells, using self-employment as a stopgap until they find a job working for others. On
the other hand, workers pulled into self-employment should have longer self-employment

spells.

Despite the emphasis given in the literature to the fact that workers become self-
employed for different reasons, most of the empirical work on self-employment does not
take into account the different reasons why workers are self-employed. All self-employed
workers are usually grouped together and their characteristics and behavior are compared

to those working for others. Not taking into account the different reasons why workers

* The most commonly mentioned non-pecuniary reasons to become self-employed are time flexibility, job
satisfaction, the value of being your own boss and the prestige associated with owning a business.

53



are self-employed could lead to misleading conclusions or results that are hard to
interpret, especially when the researcher is interested in studying a particular subgroup of
self-employed workers. The empirical literature on entrepreneurship presents a good
example of this point. Several studies consider a worker to be an entrepreneur if the
worker is self-employed.” Now, if some workers are using self-employment as a
stopgap, some estimates of interest might be biased given the presence of a subgroup of
workers that behave differently than the group of interest. For example, if workers using
self-employment as a stopgap have short self-employment spells, the inclusion of stopgap
self-employed workers will result in higher estimates of business failure rates among

entrepreneurs.

This dissertation chapter revisits results in the empirical literature in self-employment,
being careful to treat workers using self-employment as a stopgap separately from
workers that are self-employed for other reasons. Particular attention is paid to the group
of workers using self-employment as a stopgap, given that little is known about them. My
first task is to distinguish in the data workers using self-employment as a stopgap from
those that are self-employed for other reasons. Previous empirical work treats self-
employment as uniform in part because most surveys don't ask workers why they chose
self-employment. One of the contributions of this chapter is to introduce three different
working definitions of stopgap self-employment. The first definition follows Rasteletti
(2009a), who defines a worker as stopgap self-employed if he searches for a job while
self-employed. The second definition is based on business ownership. Stopgap self-

employed workers are those who report being self-employed but not owning a business.

2 Studies using self-employment as a proxy for entrepreneurship include Blanchflower and Oswald (1998),
Evans and Leighton (1989), and Hamilton (2000), among others.
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The third definition combines the two previous definitions, defining a worker as stopgap
self-employed if he is either searching for a job or reports not owning a business. Given
these definitions, the Panel Study of Income Dynamics (PSID) has all the relevant

information needed to classify self-employed workers into those using self-employment

as stopgap and those that are self-employed for other reasons.

My findings on stopgap self-employment are similar regardless of which measure |
use: 1) Stopgap self-employment prevails mostly among young workers and among those
who experience unemployment. 2) Stopgap self-employment is also relatively high
among minorities, women and workers with low educational achievement. 3) Workers
using self-employment as a stopgap have very short self-employment spells. 4) An
important fraction of stopgap self-employed workers work as laborers and in service

related occupations.

I also find liquidity constraints, labor market conditions and workers' labor market
histories do not affect all self-employed workers equally. While having more wealth
increases the probability of becoming self-employed for workers that do not use self-
employment as a stopgap, the effect of wealth on the probability of entering stopgap self-
employment presents an inverted U shape, with the peak at a relatively low wealth levels.
Workers' labor market histories, meanwhile, are only relevant for stopgap self-
employment. More specifically, being unemployed increases the probability of becoming
stopgap self-employed, but has no effect on the probability of becoming self-employed

for other reasons.

Furthermore, I find that workers using self-employment as a stopgap are far more
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likely to leave self-employment. Regardless of whether the worker is using self-
employment as a stopgap, self-employed workers that have spent more years in self-
employment are less likely to leave self-employment. Interestingly, wealth seems to have

no effect on the probability of leaving stopgap self-employment.

The rest of the chapter is organized as follows: in the next section, I describe the
dataset and discuss my definitions of self-employment and stopgap self-employment. I
also present descriptive statistics to characterize how self-employed workers differ from
other workers, and how stopgap self-employed workers differ from other self-employed
workers. In section 3, I study transitions into self-employment, both as a stopgap and for
other reasons, paying particular attention to the effects of wealth and labor market
conditions on workers' decision to transition into self-employment. In section 4, I analyze

transitions out of self-employment. Finally, I present conclusions in section 5.

2. Data and Descriptive Statistics

2.1. Data Description

The data used for this study are drawn from the Panel Study of Income Dynamics
(PSID). The PSID is a large panel data set that has followed a fixed set of workers and
their spin-offs since 1968. Until 1997 surveys were conducted on a yearly basis. Since
1997, surveys have been done every other year. An important advantage of the PSID over
other data sets is that it has information on workers' financial wealth. The PSID started

asking questions on wealth in 1984. For the next fifteen years, wealth questions were

56



asked every 5 years, and since 1999 they have been included in every survey. The
samples I examine in this study are centered on the years 1989 and 1994. The reason for
choosing these years is two-fold. First, data on wealth is available in those two years.
Second, if years after 1997 were used, much of the high frequency dynamics in

employment decisions would disappear given that data is collected only biannually.

Following Hurst and Lusardi (2004), I merge data centered on 1989 and 1994 in order
to get an adequate sample size. I restrict the sample to male household heads aged 21-60
to reduce variation in labor force participation. I also drop observations on farmers, farm
laborers or farm managers because agricultural self-employment has different features
than other forms of self-employment. The resulting sample contains 9,808 observations,

with 57.62% of them centered around 1994.

2.2.  Definition of Self-Employment

Defining self-employment and identifying self-employed workers is not trivial. The
International Conference of Labour Statisticians (ICLS), organized by the International
Labour Organization (ILO), defines self-employment jobs as those where the
remuneration is directly dependent upon the profits derived from the goods and services
produced. Self-employed workers are those who hold a self-employment job. There are
two points worth highlighting about this definition. First, it allows workers with multiple
jobs to be both self-employed and in paid-employment. Second, this definition excludes
from self-employment those workers who receive a salary from their own business, given

that remuneration is then not directly dependent upon the profits.

The definition of self-employment used in this dissertation chapter departs from the
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ICLS definition on the two points mentioned above. A worker is considered to be self-
employed if and only if he reports being self-employed in his main job. This definition
does not allow workers to be both self-employed and in paid-employment. Workers who
have a second self-employment job are not considered to be self-employed if their
primary job is in paid-employment. Whether a job is a main job or a secondary job is
self-assessed by the worker. My definition also departs from the ICLS definition in that it
allows workers who receive a wage or salary from their business to be considered self-
employed. In the sample, 42.11% of those reporting being self-employed on their main
job also report receiving a salary in that job. Overall, 11.44% of the workers in my

sample report being self-employed in their main job at the time of the interview.

2.3. Descriptive Statistics of Self-Employed Workers

Before comparing workers using self-employment as a stopgap and workers that are
self-employed for other reasons, I present some descriptive statistics for all self-employed
workers and compare them with the characteristics of those working for others. The

definitions of the variables used below are presented in the appendix.

Consistent with Evans and Leighton (1989) and others, self-employed workers tend to
be older and more educated on average, with a predominance of married males (see Table
A2 in the appendix). Self-employment is particularly low among blacks, the unmarried
and very young workers (see Table A1). Self-employed workers also tend to be wealthier
and have a higher hourly labor income on average (see Table A2). While looking at

means can be misleading given the skewness of the labor income and wealth
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distributions, the self-employed also have higher median wealth and labor income.*®

Another important feature of the data is that dispersion in hourly labor income and
wealth is much higher for self-employed workers than for other workers (see the 90-10th
percentile differentials in Table A2). The standard deviation of hourly income for self-
employed workers is over three and a half times higher than among workers in paid-
employment. For wealth, the standard deviation among self-employed workers is almost
four and a half times higher than that among workers in paid-employment. Given the
high dispersion in labor income and wealth among self-employed workers, treating the
self-employed as a homogenous group might not be a good idea. In what follows, I study
workers using self-employment as a stopgap separately from other self-employed

workers.

2.4.  Stopgap and Other Self-Employed Workers

2.4.1. Definitions of Stopgap Self-Employment

Stopgap self-employment refers to the use of self-employment as a temporary
substitute for other (more desired) types of employment. Even if the theoretical notion of
stopgap self-employment is straightforward, empirically distinguishing workers using
self-employment as a stopgap from other self-employed workers is not. Given that there
is no uncontroversial way of identifying stopgap self-employed workers in the data, I use
three different working definitions of stopgap self-employment. The first definition is

related to job search while the second is related to business ownership. The third

%% One needs to be careful when interpreting differences in reported labor income between those working
for firms and self-employed workers. Most who work for firms do not report their firm's contributions to
health insurance, retirement plans and social security. Self-employed workers do not receive these benefits.
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definition is a combination of the previous two.

According to the first definition, a worker is stopgap self-employed if he is currently
self-employed and searching for a job. This definition corresponds to the one used in the
theoretical work of Rasteletti (2009a). To identify whether a worker is looking for a job, I
use the PSID question "Have you been looking for another job during the past four
weeks?" If the answer to this question by a self-employed worker is yes, I classify him as
a stopgap self-employed. In my sample, 6.91% of all self-employed workers are stopgap
self-employed according to this definition. This is likely to be an underestimate of the
extent of stopgap self-employment, because it does not include discouraged workers.
These workers are willing to work for others, but are not currently searching because they

perceive a low probability of finding a job.

According to our second definition, a worker is stopgap self-employed if he is
currently self-employed and reports not owning a business. To identify business owners |
use the PSID question "Did you (or anyone else in the family there) own a business or
have a financial interest in any business enterprise?" If the worker reports not owning a
business, I classify him as a stopgap self-employed. In my sample, 16.90% of all self-
employed workers are stopgap self-employed according to this definition. The estimated
extent of stopgap self-employment is thus over twice as large using this definition,

compared to the definition based on job search.

Business ownership has been used to identify self-employed workers in the previous

empirical literature on entrepreneurship, with entrepreneurs being defined as self-
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employed business owners.”’ In the PSID data, however, many self-employed workers
declare not owning a business. I use this difference in self-perception to distinguish
among the self-employed. This is sensible strategy for two reasons: First, introspectively,
it seems likely that a worker using self-employment as a stopgap would be less likely to
consider his income generating activity a business. Secondly, if one takes the subsample
of self-employed workers and runs a probit model to estimate the likelihood of remaining
self-employed for at least one more year controlling for worker characteristics and a
dummy variable for self-reported business ownership, the coefficient of this dummy
variable is positive and highly significant.”® This result seems to imply that self-employed
workers who report not owning a business are less attached to self-employment,

something one would expect from workers using self-employment as a stopgap.

The third definition of stopgap self-employment is a combination of the previous two.
A worker is stopgap self-employed if he is currently self-employed and searching for a
job or if he is currently self-employed and reports not owning a business. According to
this definition of entrepreneurship, 21.07% of the self-employed workers in the sample
are stopgap self-employed. There is some overlap between the first two definitions of
stopgap self-employment. Of all workers that are stopgap self-employed according to the
job-search definition, 39.74% of them are also stopgap self-employed according to the
business-ownership definition. For workers that have been self-employed for less than a

year, this percentage increases to 47.61%. The overlap is much smaller when focusing on

*7 This the definition of entrepreneurship is used by Cagetti and De Nardi (2006). Their entrepreneur also
has to have an active management role in the business he owns. Information on active management is not
available in the PSID for the years studied.

%8 The estimates of two probits, one for all self-employed workers and other for self-employed workers who
have spent less than a year in self-employment, are reported in table A3 in the appendix.
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workers that are stopgap self-employed according to the business ownership definition.
This is not surprising given that there are two and a half times more stopgap self-
employed according to the business-ownership definition. Of all workers that are stopgap
self-employed according to the business-ownership definition, 16.25% of them are also
stopgap self-employed according to the job-search definition. For workers that have been
self-employed for less than a year, this percentage increases to 21.11%. Table A4 in the
appendix shows the degree of overlap for workers with different characteristics, and
presents the correlation between the indicator variables for the two definitions for various
subsamples. The correlation for the sample of all self-employed is 0.1660, which is

statistically different from zero.

A notable feature of these definitions is that whether a worker is stopgap self-
employed or self-employed for other reasons might change over time. Some workers
might initially use self-employment as a stopgap, only to realize later that self-
employment is a good opportunity for them. Once they stop looking for a job or start
reporting they own a business, they become self-employed for other reasons according to
my definitions. Similarly, workers might initially be drawn to self-employment by some
of its pecuniary or non-pecuniary attributes, only to realize later that self-employment is
not appropriate for them. These workers are initially not stopgap self-employed. Once
these workers start looking for a job working for others or report not owning a business,
they become stopgap self-employed. Depending on the definition of stopgap self-
employment, 7.17% (9.70%, 13.81%) of surviving self-employed workers transition from
one type of self-employment to the other, using the job search (business-ownership and

combined) definitions of stopgap self-employment, respectively. This convention for

62



reporting figures obtained from the three definitions will be used in the rest of the
chapter. Transitions from one group of self-employed to the other are relatively more
common among the initially stopgap self-employed, as 82.92% (55.14%, 55.58%) of
those initially stopgap self-employed who remain self-employed next year transition to
non-stopgap status, while the opposite figures are only 4.30% (5.56% and 8.43%) for
those initially in non-stopgap self-employment. Transitions are more common among
self-employed workers in their first year in self-employment, of whom 11.65% (17.24%
and 18.66%) change groups. For those who have spent more than a year in self-
employment, only 5.80% (13.22% and 13.24%) change groups conditional on remaining

self-employed.

2.4.2. Descriptive Statistics

Regardless of the definition used, stopgap self-employment is more prevalent among
newly self-employed workers. Of all workers using self-employment as a stopgap, 51%
(47% and 46%) have been self-employed for a year or less, and 71% (70% and 68%)
have been self-employed for 2 years or less, using the job search (business-ownership and
combined) definitions of stopgap self-employment, respectively. Meanwhile, the
proportion of other self-employed workers that have been self-employed for a year or less
is only 27% (25% and 24%), while the proportion self-employed for less than two years
is 40% (37% and 36%). The kernel densities for years spent in self-employment are

presented in Figure Al.

These differences are also reflected in the survival rate of newly self-employed

workers, defined as those not self-employed in the previous year. While only 35.52%
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(30.55% and 34.92%) of newly self-employed workers in the stopgap group remain self-
employed in the following year, 67.22% (74.42% and 76.59%) of other newly self-
employed remain self-employed in the following year. This difference becomes bigger by
the second year. While only 21.39% (18.04% and 21.17%) of newly stopgap self-
employed workers remain self-employed for two years or more, 52.71% (59.30% and
61.51%) of other newly self-employed workers remain self-employed for two years or

morc.

The stopgap self-employment rate is particularly high among newly self-employed
workers who experienced an unemployment spell before becoming self-employed. I find
that 12.70% (28.65% and 35.31%) of all newly self-employed workers who experienced
unemployment immediately before becoming self-employed use self-employment as a
stopgap (see Table AS). Meanwhile, 29.49% (20.44% and 19.53%) of newly stopgap
self-employed workers experienced unemployment before becoming self-employed,
while only 6.54% (5.88% and 5.30%) of other newly self-employed workers experienced
unemployment before entering self-employment. These differences are consistent with

theories suggesting that some workers are pushed into self-employment.

Relatively high rates of stopgap self-employment are also observed among blacks,
singles and very young workers (see Table A5). Stopgap self-employment is also
relatively high among high school drop-outs. It is interesting to note that the groups more
likely to use self-employment as a stopgap also have low overall rates of self-

employment.

Stopgap self-employed workers have lower hourly income and lower wealth than other
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self-employed workers (see Table A6). They also work fewer hours, which might reflect

their lower commitment to the businesses they are running.

2.4.3. Occupations and Industries

There are important differences in occupation and industry affiliation between workers
that use self-employment as a stopgap and those who are self-employed for other reasons.
Table A7 reports the proportions of workers in different occupation groups, conditional
on being stopgap self-employed or being self-employed for other reasons. The main
difference in the distribution over occupations is for managers and administrators. While
41% (44% and 45%) of those who are self-employed for other reasons report being a
manager or an administrator, only 24% (15% and 18%) of those using self-employment
as a stopgap report being in that occupational group. Another important difference is for
laborers, who comprise 11% (9% and 10%) of those using self-employment as a stopgap,

but only around 4% of those self-employed for other reasons.

With respect to industry, all definitions suggest that there are relatively few stopgap
workers in manufacturing (see Table A8). The job search definition suggests that there is
a relatively high proportion of stopgap self-employed workers in agriculture, forestry,
and fisheries as well. This result is not obtained using the other two definitions.
Meanwhile, the business ownership and combined definitions suggest a relatively low
proportion of stopgap self-employed workers in wholesale trade and a relatively high
proportion in professional and related services. These results are not obtained using the

job-search definition.
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3. Transitions Into Self~Employment

Worker transitions into self-employment have received plenty of attention in the
literature given their relevance for business creation. Two questions that have been
widely studied are: 1) how do individual labor market histories and labor market
conditions affect workers' decision to become self-employed? and 2) how does access to
credit affect workers' decision to become self-employed? With respect to the first
question, Evans and Leighton (1989) find that being unemployed increases the
probability of becoming self-employed. Blanchflower and Oswald (1991) find that higher
regional unemployment rates also increase the probability of entering self-employment.
Rissman (2003) finds that young workers are more likely to enter self-employment in
recessions and leave in booms. With respect to access to credit, researchers have usually
looked at the effect of workers' wealth on the decision to become self-employed. A
positive effect of wealth on the probability of becoming self-employed is usually
interpreted as credit constraints preventing workers from starting their businesses.
Several studies have found evidence that higher levels of wealth increase the probability
of transitioning into self-employment.”’ More recently, Hurst and Lusardi (2003) found

that this positive relation is only present among the very rich.

This section differs from previous studies in the literature in that I study transitions into
stopgap self-employment separately from other transitions into self-employment. To
study transitions into self-employment, I use the sample of all agents who are not self-

employed in 1989 or 1994. I first estimate a probit model of the probability of observing

** Studies finding a positive effect of wealth on the probability of transitioning into self-employment
include Holtz-Eakin, Joulfaian, and Rosen (1994), Blanchflower and Oswald (1998), Evans and Jovanovic
(1989), and Evans and Leighton (1989), among others.
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a worker transitioning into self-employment in the following year. This is the type of
model usually estimated in the literature. I then estimate separate probit models of the
probability of transitioning into stopgap self-employment and self-employment for other
reasons. This allows me to study conditions under which workers are more likely to enter
self-employment with a stopgap motive or for other reasons. Given that the effects of
wealth and unemployment duration on entry into self-employment might be non-linear, I
include these two variables as fifth-order polynomials.*® The estimated average marginal

effects implied by these different probits are presented in table A9.’!

Several findings are worth highlighting. First, being black has no significant effect on
the probability of becoming stopgap self-employed, while it decreases the probability of
becoming self-employed for other reasons, although the latter effect is not significant for
the combined definition of stopgap self-employment. Second, having higher labor income
reduces the probability of transitions into stopgap self-employment. Thirdly , as found by
other papers in the literature, having been self-employed previously has a highly
significant positive effect on the probability of transitioning into both types of self-

employment.

Distinguishing workers using self-employment as a stopgap from other self-employed

workers allows me to uncover some interesting effects of unemployment on the

39T use a third order polynomial in wealth when estimating transitions into stopgap self-employment to
increase precision of my estimates given the small number of such transitions. Results are qualitatively
similar if I use a fifth order polynomial.

*! In this paper marginal effects are calculated for each individual, and then averaged across individuals.
The marginal effect of a variable X is calculated in the following way: for each individual the estimated
probability is calculated given the worker's characteristics. Then, a new probability is calculated for each
individual by marginally increasing the value taken by X. The difference between these two probabilities is
then calculated and divided by the increment in X. If X is entered as a second or higher order polynomial,
the second probability is calculated by simultaneously increasing all terms in the X polynomial.
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probability of becoming self-employed. I find that being unemployed has a positive and
highly significant effect on the probability of transitioning into stopgap self-employment,
but a smaller and insignificant effect on other transitions into self-employment. These
findings suggest that the positive effect of being unemployed on the probability of
becoming self-employed found in previous literature is mainly driven by workers
transitioning into stopgap self-employment. I also find that receiving unemployment
compensation reduces the probability of transitioning into both types of self-employment,
although the effect is not significant for transitions into stopgap self-employment when
the job search definition is used, and for transitions into non-stopgap self-employment

when the business ownership and combined definitions are used.

Some interesting effects appear when studying the effects of labor market conditions
on transitions into self-employment. Given that the PSID does not have information on
county level unemployment for 1994, we use the subsample of 1989 observations to look
at how the county unemployment rate affects workers' decision to become self-
employed.** Looking at the effects of county level unemployment rates on the probability
of becoming self-employed is important because different regional unemployment rates
might affect how difficult it is for an unemployed worker to find a new job. All else
equal, one would expect that the higher the local unemployment rate, the higher the
probability of transitioning into stopgap self-employment. I re-estimate the probit model
used before, but now including two new control variables: the county unemployment rate

and the county unemployed rate interacted with a dummy for being unemployed.

32 While county level unemployment rates for 1994 are relatively easy to obtain, one cannot construct
county level unemployment rates using the public release of the PSID because the PSID has suppresses
information on the county of residence.
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Contrary to what one might expect, I find that the interaction term for being unemployed
and the unemployment rates at the county level has a negative effect on the probability of
becoming self-employed, although the effect is not significant (see Table A10 in the
appendix). This negative effect might reflect the fact that workers become less willing to
to enter self-employment, given that it might take them longer to transition out of self-

employment when the unemployment rate is higher.

Finally, I look at the effect of wealth on the probability of becoming self-employed.
Previous researchers have focused on wealth to study the effects of liquidity constraints
on the probability that a worker starts a business. However, one would expect liquidity
constraints to play different roles for workers transitioning into entrepreneurship and for
workers transitioning into stopgap self-employment. For workers transitioning into
stopgap self-employment, wealth might be important not because workers do not have
sufficient liquidity to start their business projects, but because the lack of financial
resources might force workers to choose self-employment over unemployment. These
differences in the effect of wealth are confirmed by the data (see Figure A2). The
probability that a worker enters self-employment for other reasons is monotonically
increasing in wealth (marginal effects at different quintiles of the wealth distribution are
presented on Table A11). Meanwhile, the probability of entering stopgap self-
employment as a function of wealth has an inverted-U shape, peaking at $95,000
($73,000 and $64,440) for the search (business ownership and combined) definition.
These peaks are located at the 61st (54th and 51st) percentiles of the wealth distribution
including all workers. When looking at the wealth distribution of self-employed workers

only, these peaks are located at the 33th (28th and 25th) percentiles of the wealth
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distribution. To better understand the reason behind the inverted U-shape, I ask whether
wealth plays different roles for workers who experienced an unemployment spell and
workers who did not. This question is relevant because the U-shape could be a
consequence of a composition effect, given that 30 to 40% of workers who become
stopgap self-employed experienced unemployment before transitioning into self-
employment. Therefore, I re-estimate the model interacting a third order polynomial on
worker's wealth with a dummy capturing whether the worker experienced an
unemployment spell prior to self-employment. The marginal effects obtained from these
probits are reported in Table A12 in the appendix. This estimation reveals that the
inverted U-shape of the impact of wealth on the probability of stopgap self-employment
is due largely to people who experienced unemployment (see Figure A3). For all
definitions of stopgap self-employment the probability of becoming stopgap self-
employed has an inverted U-shape in wealth for those workers who experienced
unemployment between the two interview periods.” For workers who did not experience
unemployment, the probability of becoming stopgap self-employed is monotonically
decreasing in wealth for the business ownership and combined definition, and decreasing

over most of the wealth distribution for the job search definition.

So far we have treated wealth as exogenous. In fact, wealth can be endogenous with
respect to occupational choice, due to its possible correlation with preferences or
unobserved ability. The endogeneity of wealth could bias the estimated effects of wealth

on the probability of transitioning into different types of self-employment. This

3 The probability of becoming stopgap self-employed for workers who experienced unemployment peaks
at $97,000 ($36,500 and $40,000) for the search (business ownership and combined) definition. The
probability of becoming stopgap self-employed for workers who did not experience unemployment peaks
at $82,000 for the search definition.
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endogeneity problem is more likely to be present in transitions into non-stopgap self-
employment. Buera (2003) argues that in the presence of borrowing constraints, workers
that want to become entrepreneurs will accumulate more wealth while working so that
they can start their businesses. If this is true, wealth will then be correlated with
unobserved variables that make workers more likely to become an entrepreneur, creating
a bias in the estimates of wealth effects. To get around this problem, we use an
instrumental variable approach. The instrumental variable used is an estimated measure
of regional changes in house prices, introduced by Hurst and Lusardi (2004). This
variable is constructed in the following way: first, I generate a variable capturing the
change in home value of non-movers over the periods 1985-88 and 1990-93. These home
values are self-reported in the PSID. I then regress this variable on household
characteristics (age, education, race, gender, marital status, family size, income,
employment status, and initial house value), region dummies and state economic
conditions (state gross domestic product per capita in 1985 and 1990, growth rate of state
GDP per capita between 1985 and 1988 and between 1990 and 1993, and the state
unemployment rate in levels from 1985 to 1988 and from 1990 to 1993).>* The region
dummies capture regional variation in growth in house prices controlling for changes in
the state economic conditions. A new variable capturing differences in regional housing
value appreciation is created by assigning to each household the estimated coefficient on
the region dummy for the state they live in. This new variable is used as the instrument

for wealth.

** Hurst and Lusardi include the region dummies and state economic conditions to control for the fact that
house prices are not purely exogenous, but rather be affected by some of the same factors that affect
household decision to become self-employed.
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To make sure that the inverted U shape for the effect of wealth on the probability of
becoming stopgap self-employed is not a consequence of the endogeneity problem, I now
estimate a linear probability model including all the same controls as in the previous
probit model but instrumenting the third order polynomial in wealth with a third order
polynomial in regional house appreciation. The estimates are reported in Table A13 in the
appendix. The estimated effect of wealth on the probability of transitioning into stopgap
self-employment maintains its inverted U shape (see Figure A4), but this shape is not
statistically significant. More specifically, the predicted probability is never different
from zero. This might be due to a relatively weak first-stage while implementing the

instrumental variable estimation (see R? of the first-stage regression on Table A13).

4. Transitions Out Of Self~-Employment

In the PSID sample used, the proportion of self-employed workers that leaves self-
employment from one year to the next is 20.52%. This proportion differs greatly among
those who have spent more or less than one year in self-employment. For those who have
spent more than a year in self-employment, the proportion leaving is 15.54%. For those
self-employed for less than a year, the proportion that leaves is over two times higher, at
33.95%. As one might expect, the proportion of workers leaving self-employment is
particularly high among those using self-employment as a stopgap (see Table A14). The
proportion of stopgap self-employed workers that leaves self-employment is between
three and five times higher than that of other self-employed workers, depending on the

definition used. A large difference in exit rates between stopgap and other self-employed
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workers is observed both among newly self-employed workers and workers who have

spent more than a year in self-employment.

To study transitions out of self-employment in greater detail I estimate two sets of
probit models of the probability that a currently self-employed worker will leave self-
employment within a year. In the first set, the probits are estimated using the sample of
all self-employed workers, and a dummy variable is included to capture whether the
worker is stopgap self-employed. Given the relatively high exit rate of self-employed
workers during their first year in self-employment, I also estimate separate probits for
those who have spent more or less than a year in self-employment. Next, I estimate
separate probits for the samples of stopgap and non-stopgap self-employed workers. This
allows other variables to have different effects for the stopgap and non-stopgap self-
employed. Given that the effect of time spent in self-employment might be non-linear,

this variable is entered as a fifth-order polynomial in all probits.

The estimated average marginal effects for the first set of regressions are presented in
Table A15. As one might expect, using self-employment as a stopgap has a large positive
and highly significant effect on the probability of leaving self-employment. Exits from
self-employment seem not to be affected by educational achievement, expect for newly
self-employed high-school graduates. Meanwhile, being married, being older and
working longer hours reduce the probability of leaving self-employment for self-
employed workers with more than a year in self-employment. Finally, time spent in the
current self-employment spell has a highly significant negative effect on the probability
of leaving self-employment in the sample of all self-employed workers, but positive and

significant in the sample of with self-employed workers with more than a year in self-
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employment.

Estimating different probits for the stopgap and nonstop self-employed does not shed
much light on transitions out of self-employment since few coefficients are statistically
significant (See Table A16). In the case of workers using self-employment as a stopgap,
no clear pattern emerges. Most age groups dummies have a negative effect, with a few
being significant. Being black decreases the probability of leaving self-employment
according to the job search definition but increases it according to the business ownership
definition. Other individual characteristics might fail to have significant effects simply
because transitions are calculated over a one-year period. In the sample, the median
duration of an unemployment spell is nine weeks. A year seems to be enough time for
most stopgap self-employed workers to find a job working for others. In the case of other
self-employed workers, hours worked and being married also have a negative and
significant effect. Time spent in self-employment has a negative effect, although it is only

significant when using the business ownership definition.

Finally, I look at the determinants of whether exiting self-employed workers transition
into paid-employment, unemployment or out-of-the-labor-force. I estimate different
probit models of the probability that a self-employed worker transitions into paid-
employment, unemployment or out of the labor force, conditional on being self-
employed. All these models have a dummy variable capturing whether the worker is
stopgap self—employed.35 The estimated average marginal effects are presented in Table

A17. Interestingly, being stopgap self-employed has a large positive effect on the

%> One could also estimate separate probits for currently stopgap and non-stopgap self-employed workers
leaving self-employment within a year. The problem is that the resulting samples from this partition
become too small, rendering all coefficients insignificant.
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probability of transitioning into paid-employment and insignificant effects on the
probability of transitioning into unemployment. Given that stopgap self-employed
workers are far more likely to leave self-employment, the non-significance of the stopgap
dummy for transitions into unemployment seems to imply that stopgap self-employed
workers are less willing than other self-employed workers to become unemployed. This
result is consistent with the notion that the stopgap self-employed use self-employment as
an employment option to avoid unemployment. Interestingly, being stopgap self-
employed increases the probability of exiting the labor force, although this effect is not

significant when the job search definition is used.

5. Conclusions

This chapter uses data from the PSID to revisit existing results in the empirical literature
on self-employment, treating workers using self-employment as a stopgap separately
from workers that are self-employed for other reasons. The main features of stopgap self-
employment unveiled in this chapter are the following: 1) Stopgap self-employment is
most common among young workers, those who have experienced recent unemployment,
minorities, women and workers with low educational achievement. 2) Workers using
self-employment as a stopgap have relatively short self-employment spells. 3) Workers in
stopgap self-employment tend to have lower hourly labor income and to work fewer
hours. 4) An important fraction of stopgap self-employed workers work as laborers and in
service related occupations. This chapter also discovers different patterns of transition
into and out of self-employment for these different types of self-employed workers. For

those not using self-employment as a stopgap, the probability of entering self-
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employment increases monotonically with wealth. On the other hand, for those using
self-employment as a stopgap, the probability of entering self-employment has an
inverted U shape as a function of wealth, with the peak at a relatively low wealth level. I
also find that workers' labor market histories are only relevant for stopgap self-
employment. More specifically, being unemployed increases the probability of becoming
stopgap self-employed, but has no effect on the probability of becoming self-employed

for other reasons.

This dissertation chapter should serve as a reminder to researchers that not all workers
are self-employed for the same reasons. Estimates of the effects of certain variables of
interest on the behavior of the self-employed or the self-employed-to-be are an average of
the effects on different types of self-employed workers. This averaging can create biases
that hide the real effects of interest. This dissertation chapter suggests that one should
distinguish effects on workers using self-employment as a stopgap from effects on other
self-employed workers. More work should be devoted to finding new and better ways of
distinguishing different types of self-employed workers, in order to get more precise

estimates of effects of interest.
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Chapter 3: A Theory on the Impact of Technological Change on
Entrepreneurship and Unemployment.

Joint Work with Jose Plehn-Dujowich and Dunli Li.

1. Introduction

Technological growth, entrepreneurship, and unemployment influence each other in
numerous ways, forming a trio of inter-related components, yet the literature has
traditionally emphasized the endogenous determination of one or two components of this
trio, and the exogenous impact of one component on another, without taking into account
the third. Consider the impact of entrepreneurship on growth. Endogenous growth theory
suggests that entrepreneurship is an important determinant of growth. Such models
predict or assume that an increase in the resources devoted toward innovation and R&D
mechanically lead to higher growth, implying positive correlation between
entrepreneurship and growth (Aghion and Howitt, 1992; Grossman and Helpman, 1991;
Segerstrom, 1991, 1998; Romer, 1990; Jones, 1995); entrepreneurship is the means by
which to launch, but not sustain, the economy, such that eventually it ceases altogether
(Peretto, 1998, 1999a); and the growth rate and rate of entry may be positively or
negatively correlated as the economy evolves over time (Peretto, 1999b). Next consider
the impact of growth on unemployment. An increase in growth leads to a decrease in
unemployment when technological change is disembodied (Pissarides, 1990); or an
increase in unemployment when technological change is embodied (Aghion and Howitt,
1994). Finally, Fonseca et al. (2001) study the endogenous determination of

entrepreneurship and unemployment, to find that the two are negatively related.
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We argue that the three components of technological growth, entrepreneurship, and
unemployment should not be studied in isolation or in pairs because doing so may
engender a misleading over-simplification. Indeed, we find that these important results in
the literature concerning the impact of growth on unemployment no longer necessarily
hold when one incorporates entrepreneurship; and the result concerning the relationship
between entrepreneurship and unemployment no longer necessarily holds when one
incorporates growth. Whereas, ideally, a theory should have all three components be
endogenous, we pursue the first step towards integration in a model with exogenous
growth that, nonetheless, attempts to include hints of endogenous growth theory.

By developing a unified framework incorporating occupational choice and different
types of labor markets and exogenous technological change, this paper provides a
comprehensive taxonomy of the various mechanisms by which technological growth
affects entrepreneurship and unemployment. The model is constructed as follows. There
is a continuum of agents that choose between being a worker or an entrepreneur.
Entrepreneurs create and manage jobs, while workers occupy the jobs created by
entrepreneurs. Agents differ in terms of the number of workers they can manage if they
become entrepreneurs; however, entrepreneurial ability does not affect an agent's
productivity if he becomes a worker. In equilibrium, agents with sufficiently high ability
become entrepreneurs, while those below a threshold level of ability become workers.
We consider two types of exogenous technological change, disembodied and embodied.
With disembodied technological change, the productivity of all jobs increases with the
growth rate. With embodied technological change, only the productivity of new jobs

increases with the growth rate, giving rise to creative destruction, the process by which
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entrepreneurs destroy existing jobs in order to implement new technologies. Furthermore,
we make two assumptions that are reduced-form representations of general equilibrium
outcomes: we allow for the possibilities that technological growth augments the effective
discount rate and enhances entrepreneurial ability at managing workers.

Given that the decision to become an entrepreneur may depend on the characteristics
of the labor market, we analyze both forms of technological change under two different
labor market structures. First, we consider the case of perfectly competitive labor
markets. Workers can move freely between jobs, at no cost. Price competition among
firms for workers guarantees that all workers are paid the same wage and that all
entrepreneurs can hire all the workers they desire at the equilibrium wage. In this case,
there are no unemployed agents or unfilled vacancies in equilibrium. Second, we analyze
the case in which there are search frictions in the labor market. The allocation of jobs to
workers takes place according to a process of search and matching, and unemployment
can result in equilibrium. In order to find workers, entrepreneurs post vacancies; and in
order to find jobs, workers engage in random search.

Technological growth has an impact on entrepreneurship via three mechanisms: the
capitalization, firm size, and employment duration effects, relating to how growth affects
the effective discount rate, entrepreneurial ability (which determines the optimal size of a
firm), and the optimal duration of a job, respectively. The impact of these mechanisms on
entrepreneurship differs depending on whether the labor market is frictionless. In the
absence of labor market frictions, an increase in growth dampens entrepreneurship if and
only if growth enhances entrepreneurial ability at managing workers, i.e. the firm size

effect is present. Once labor market frictions are introduced, however, this result no
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longer holds. The impact of an increase in technological growth on entrepreneurship
depends on how the three mechanisms interact. While a positive capitalization effect
enhances entrepreneurship, positive firm size and employment duration effects tend to
dampen entrepreneurship under reasonable parameter restrictions. The overall effect
thereby depends on the relative strength of each of the three competing forces.

The introduction of labor market frictions also allows us to study the impact of
technological growth on unemployment, which operates via three mechanisms. First,
there is the composition effect: by affecting an agent's decision to become an
entrepreneur, growth influences the number of workers relative to entrepreneurs. All else
being equal, the smaller is the proportion of agents that are entrepreneurs, the higher is
the unemployment rate. Second, there is the job creation effect: a change in the
proportion of entrepreneurs affects job creation, which in turn influences the probability
that a worker finds a job. Given the occupational choice decision and optimal duration of
a job, the more difficult it is for workers to find jobs, the higher is the unemployment
rate. Third, there is the creative destruction effect: a higher growth rate decreases the
optimal duration of a job, which tends to increase unemployment.

To summarize, technological growth may have a positive or negative impact on
entrepreneurship and unemployment, in such a manner that any combination is possible.
Overall, an increase in growth is more likely to enhance entrepreneurship and dampen
unemployment when the interest rate does not increase significantly with growth,
technological change is disembodied, and growth enhances entrepreneurial ability at
managing workers.

The most influential theoretical works studying the effect of technological growth on
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unemployment in an economy with labor market frictions are those of Pissarides (1990),
Aghion and Howitt (1994), and Mortensen and Pissarides (1998). These models differ
from ours in that they do not include entrepreneurship, the endogenous determination of
firm size, or the equilibrium effect of growth on the interest rate; thus, by not having an
occupational choice decision or agents managing workers, the composition, job creation,
and firm size effects are absent. Pissarides (1990) presents a model wherein the
productivity of all existing jobs increases at the rate of technological change (i.e., it is
disembodied). In this setting, unemployment is a decreasing function of growth: an
increase in the growth rate reduces the effective discount rate, which leads to an increase
in job creation and a reduction in unemployment. In Aghion and Howitt (1994), only the
productivity of new jobs increases at the rate of technological change (i.e., it is
embodied), capturing the Schumpeterian notion of creative destruction that technological
change renders jobs obsolete. In this setting, unemployment is an increasing function of
growth: given the obsolescence of jobs, firms anticipate that jobs have a shorter life,
which reduces job creation and increases unemployment. Pissarides and Vallanti (2007)
present a model in which both embodied and disembodied technological change take
place simultaneously. The impact of growth on unemployment is undetermined, but the
authors find that in a calibrated version of their model, the negative effect of TFP growth
on unemployment observed in the data is inconsistent with embodied technology. The
reason for this result is that when technology is embodied, the capitalization effect has a
much smaller quantitative impact on unemployment than the creative destruction effect.
Finally, Mortensen and Pissarides (1998) criticize the Aghion and Howitt (1994)

assumption, also made in Pissarides and Vallanti (2007), that jobs need to be destroyed in
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order for firms to implement new technologies. The authors present a model in which
technology can be updated, at some cost, without destroying jobs. The authors find that,
depending on the cost of updating technology, higher growth can lead to either higher or
lower unemployment: it is only in the case when updating technology is too expensive
that higher growth leads to higher unemployment.

When one takes into account the additional mechanisms we identified by which
technological growth affects unemployment, some of the key results in these and related
papers no longer hold. Entrepreneurship gives rise to the composition effect of
technological growth on unemployment; and the firm size effect operating via the impact
of growth on entrepreneurial ability. The consequences of these effects can lead to
reversals in common wisdom. Specifically, contrary to Pissarides (1990), we find that
unemployment does not necessarily decline in response to an increase in the rate of
disembodied technological change; contrary to Aghion and Howitt (1994),
unemployment does not necessarily rise in response to an increase in the rate of
embodied technological change; and contrary to Fonseca et al. (2001), entrepreneurship
and unemployment are not necessarily negatively related when one takes into account
their responses to a change in the growth rate.

The rest of the paper is organized as follows. In section 2, we provide an overview of
the model, discuss the mechanisms at work, and present figures that illustrate some of our
main results. In section 3, we study in greater detail how technological change affects
entrepreneurship in an economy with a frictionless labor market. In section 4, we perform
a similar analysis in an economy with labor market frictions, and study how

unemployment is affected by the rate of technological growth. Finally, section 5
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concludes.

2. Overview of the Model

The economy consists of a continuum of infinitely-lived agents, with their mass
normalized to one. Following Fonseca et al. (2001), at any point in time, an agent
chooses to become an entrepreneur who creates and manages jobs, or a worker occupying
a job created by an entrepreneur. The number of workers an agent can manage is a
function of his entrepreneurial ability a which is drawn from the distribution F («) with
the support [0, a™**]. To become an entrepreneur, an agent pays the business start-up
cost p(t)K, where p(t) = e9¢, t denotes the date, and g is the exogenous rate of
technological growth. After paying the start-up cost, entrepreneurs post vacancies to hire
workers. The cost of posting a vacancy is p(t)c. Once a job has been filled, the
entrepreneur has access to a production technology that is a linear function of labor up to
the maximum number of workers the entrepreneur can manage. If the entrepreneur has
more workers than the maximum, the extra workers are unproductive. The worker
remains with the entrepreneur until the entrepreneur closes the job, the worker quits the
job, or the job is exogenously destroyed. The exogenous destruction of jobs follows a
Poisson process with arrival rate 5. When a worker is employed, he earns a wage w(t). If
a worker is unemployed, he has access to a home production technology with which he
produces p(t)b. Neither entrepreneurs nor workers can save, such that consumption
equals labor income.

The impact of technological growth on entrepreneurship depends on the nature of the

labor market and the type of technological change. With respect to the nature of the labor
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market, we study two cases. First, we consider perfectly competitive labor markets.
Workers can move freely between jobs at no cost. Price competition among firms for
workers guarantees that all workers are paid the same wage and that all entrepreneurs can
hire all the workers they desire at the equilibrium wage. Thus, there are no unemployed
agents or unfilled vacancies in equilibrium. Second, we consider search frictions in the
labor market. The allocation of jobs to workers takes place according to a process of
search and matching, and unemployment can result in equilibrium. In the absence of
growth, this case corresponds to the model in Fonseca et al. (2001).

With respect to the type of technological change, we study two cases. First, we
consider disembodied technological change: entrepreneurs update the technology used
for production in all existing jobs immediately at no cost. Second, we consider embodied
technological change: entrepreneurs destroy existing jobs in order to implement new
technologies. The main difference between the two cases is that while the productivity of
all jobs increases at the rate g in the disembodied case, only the productivity of new jobs
increases at the rate g in the embodied case.

Finally, to capture the ways in which the rate of technological growth affects the
interest rate and entrepreneurial ability at managing workers, we introduce the following
two assumptions that are reduced-form representations of outcomes that would arise in a

general equilibrium model of endogenous growth:

Assumption 1: Along the balanced growth path, the interest rate is r = R(g), where

R(g) is a differentiable function.
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Assumption 2: Along the balanced growth path, the maximum number of workers an

entrepreneur with ability a can manage is A(g), where A(g) is a differentiable function.

Before analyzing the four cases with or without labor market frictions and with
embodied or disembodied technological change, we summarize the general structure of
the model and advance some intuition of the results. Throughout the paper, we focus on
the impact of technological change on entrepreneurship and unemployment along the
balanced growth path.

Each of the four cases can be summarized by a system of two equations in two
unknowns. First, using the same terminology as in Fonseca et al. (2001), there is the
entrepreneurship equation, reflecting the agent's occupational choice decision. Denote the
value of being a worker by W (t) and the value of being an entrepreneur by S(a, t). The
value of being an entrepreneur can also be expressed in terms of the value of opening a
vacancy V(t): S(a,t) = A(g)V(t) — p(t)K. We will show that V(t) and W (t) are
independent of «, such that the occupational choice decision is governed by a reservation
entrepreneurial ability &: an agent with ability becomes an entrepreneur if a >,

otherwise he becomes a worker. The reservation ability satisfies

W) +p(DK

(3.1) TN

Second, there is the job creation equation, which ensures that the number of employed
workers, entrepreneurs, and unemployed agents do not change over time. To derive this
equation, first note that the proportion of employed and unemployed workers can be
expressed as
(3.2) u+n=F(@)
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where n is the proportion of employed workers, u is the proportion of unemployed agents,
and 1 — F(@&) is the proportion of entrepreneurs. Meanwhile, the number of jobs created

by entrepreneurs is

amax

(3.3) n+v=A4(~9) j a dF (a)

where n is the number of filled jobs and v is the number of vacant jobs. Without labor
market frictions, we have u = v = 0. The job creation equation is obtained by combining

equations (3.2) and (3.3):

amax

(3.4) F(&) = A(9) f a dF (a)

With labor market frictions, to ensure that the proportions of employed workers and
entrepreneurs do not change of time, we require that the number of workers entering
unemployment equals the number of workers leaving unemployment. We will show that

for this condition to be satisfied, the following equation must hold:

amax

A(g) PG = 60 + [1 — exp(—8T")]0q(0)
F(@) f «F@) = 5 = exp(=6T104(0)

a

(3.5)

where 0 is the ratio of vacancies to unemployment, q(8) is the rate at which vacancies
are filled, and T" is the optimally chosen age at which to destroy a job. When
technological change is disembodied, T* is infinite; and when it is embodied, T™ is finite.
Finally, we will show that the proportion of unemployed workers in the steady state is
given by

SF (&)

(3.6) U=57 [1—exp(—=86T*)]0q(6)
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Figures 3.1 and 3.2 are graphical representations of the entrepreneurship and job
creation equations for each of the four cases. The entrepreneurship curve is always
upward sloping.*® Meanwhile, the job creation curve does not have the same slope in all
cases. While the job creation curve is horizontal in a frictionless labor market, it is
downward sloping with labor market frictions.” Whether technological change is
embodied or disembodied does not affect the proportion of entrepreneurs with frictionless
labor markets. Keeping wages fixed, the value of being an entrepreneur is greater under
disembodied (relative to embodied) technological change given that the employment
duration is higher. However, as the number of entrepreneurs increases, the number of
unfilled vacancies increases accordingly, leading to a rise in wages, which in turn reduces
the value of being an entrepreneur and therefore the number of agents that become
entrepreneurs in equilibrium.

With labor market frictions, the number of entrepreneurs is usually lower with
embodied technological change, but it could be higher if the equilibrium ratio of

vacancies to unemployment is low enough (see Figure 3.2).*® As in the case with

3% In the case with frictionless labor markets, the entrepreneurship curve is increasing in wages because
higher wages increase the value of being a worker and reduce the value of being an entrepreneur. This then
leads to an increase in the reservation ability. In the case with labor market frictions, a second effect is
present. We show later in this paper that wages are an increasing function of 0, the ratio of vacancy to
unemployment or labor market tightness. Therefore, for wages to be higher, the labor market tightness also
has to be higher. Now, when labor market tightness is higher, it becomes more difficult for entrepreneurs to
fill their vacancies, while it becomes easier for unemployed workers to find jobs. Therefore, the value of
being an entrepreneur is reduced and the value of being unemployed increases. This second effect leads to a
further increase in the reservation ability.

37 To understand why the job creation curve is downward sloping when labor market frictions are present,
one must first understand the relation between wages and 0, the ratio of vacancy to unemployment or labor
market tightness. We show below that wages are increasing in labor market tightness. Now, when the
reservation ability increases, there are fewer jobs for more workers in equilibrium. This then leads to a
decrease in labor market tightness and a reduction in wages paid. This change in labor market tightness is
not present in the case with frictionless labor markets because the unemployment rate is always zero. This
explains why the job creation curve is horizontal when labor markets are frictionless.

* When vacancies are scarce, being a worker in an economy where jobs are endogenously destroyed is less
attractive to the agent because he may spend a long period of time unemployed if he is laid off. This makes
being an entrepreneur more attractive as compared to the case when jobs are not endogenously destroyed
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frictionless labor markets, wages are higher with disembodied technological change:
ceteris paribus, being an entrepreneur is more profitable when technological change is
disembodied, which increases the number of vacancies, leading to higher wages

compared to the case with embodied technological change.

Figure 3.1: The Entrepreneurship and Job Creation Curves when the Labor Market is

Frictionless
. Entrepreneurship Entrepreneurship
Ability under Embodied under Disembodied
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N Job
Creation
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Technological growth affects entrepreneurship via three mechanisms. First, there is the
capitalization effect, which operates through the effective discount rate R(g) — g.
Second, there is the firm size effect, which operates through changes in the number of
worker an entrepreneur can manage, namely A(g). Finally, there is the employment

duration effect, which operates through the optimal duration of a job T* and is only

(i.e., when technological change is disembodied). Therefore, when the ratio of vacancies to unemployment
is very low in equilibrium, the number of entrepreneurs can be higher in the case with embodied
technological change.
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present when technological change is embodied.

Figure 3.2: The Entrepreneurship and Job Creation Curves with Labor Market Frictions
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With frictionless labor markets, the proportion of entrepreneurs is solely determined
by the position of the job creation curve. Given that neither the capitalization effect nor
the employment duration effect influences the location of the job creation curve, it is only
the firm size effect that matters. Therefore, technological growth affects the number of
entrepreneurs if and only if growth affects the number of worker an entrepreneur can
manage, i.e. A'(g) # 0. If technological growth enhances entrepreneurial ability at
managing workers, i.e. A'(g) > 0, then a higher growth rate shifts the job creation curve
upward, leading to a reduction in the number of entrepreneurs. The opposite occurs when
A'(g) <O.

Labor market frictions introduce numerous complications. The number of
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entrepreneurs is no longer determined by the position of one of the curves. In some cases
the overall effect of technological growth on entrepreneurship can be easily determined,
while in others the overall effect depends on how the elasticity of the entrepreneurship
curve compares to that of the job creation curve. To illustrate the three mechanisms in the
presence of labor market frictions, we shut down two at a time to study how the third
operates.

Suppose only the capitalization effect is present, i.e. technological change is
disembodied and entrepreneurial ability is independent of growth, A'(g) = 0. Then the
capitalization effect does not influence the location of the the job creation curve. Suppose
the agent's effective discount rate R(g) — g is increasing in the growth rate, R'(g) > 1.
Then an increase in growth makes increases the effective discount rate. This makes being
an entrepreneur less attractive given that an entrepreneur has to incur initial sunk costs.
The entrepreneurship curve thereby shifts to the left, decreasing the number of
entrepreneurs (see Figure 3.3)* The opposite occurs when R'(g) < 1.

Suppose only the firm size effect is present, i.e. technological change is disembodied
and the effective discount rate is independent of growth, R'(g) = 1. If A'(g) > 0, an
increase in the rate of technological growth shifts the entrepreneurship curve to the right
and the job creation curve upward. The opposite is true when A’(g) < 0. The
entrepreneurship curve shifts to the right when A’(g) > 0 because, all else equal, the
higher A(g) is, the more workers an entrepreneur can manage. This increases the value of

being an entrepreneur and reduces the threshold ability for any given level of labor

** Figure 3 (as well as in the remaining figures in this paper) has labor market tightness in the horizontal
axis, and not wages as in Figure 1 and 2. Having labor market tightness is more convient because wages are
a function of labor market tightness in equilibrium when labor market frictions are present. We use wages
instead in Figure 1 and 2 because labor market tightness is not defined in the frictionless labor market case.
This is because both vacancies and unemployment are zero, so their ratio is not defined.
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market tightness. The job creation curve shifts upward when A'(g) > 0 because, for any
given reservation ability, entrepreneurs now create more jobs. This leads to higher levels
of vacancies, which explains the direction of the shift. Given that both curves shift in
different directions, the overall effect of the impact of an increase in technological growth
on entrepreneurship cannot be determined unless parameters values are assumed. The
overall effect depends on the elasticities of the entrepreneurship and job creation curves
together with the extent to which a change in entrepreneurial ability A(g) causes shifts in
both curves. The greater is the elasticity of the entrepreneurship curve relative to that of
the job creation curve, the more likely it is that the number of entrepreneurs decreases in

response to an increase in growth (see Figure 3.4).

Figure 3.3: The Impact of Technological Growth on Entrepreneurship when only the

Capitalization Effect is Present and R'(g)>1.
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Figure 3.4: The Impact of Technological Growth on Entrepreneurship when only the

Firm Size Effect is Present and A'(g)>0.
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Suppose only the employment duration effect is present, i.e. technological change is
embodied, the effective discount rate is independent of growth, R'(g) = 1, and
entrepreneurial ability is independent of growth, A’(g) = 0. An increase in the rate of
technological growth shifts the entrepreneurship curve inward because, for any given
level of labor market tightness, the increase in the rate of technological growth reduces
the optimal job destruction age, which in turns reduces the value of being an
entrepreneur. Meanwhile, the job creation curve rotates around & = 1 when the optimal
duration decreases, with the new job creation curve being above (below) the previous one
if @ < 1 (8 >1, respectively).*” These changes in the entrepreneurship and job creation

curves imply that an increase in technological growth has a negative impact on

0 The reason why the job creation curve rotates around 6 =1 is explained on page 119, in the second
paragraph after proposition 7.
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entrepreneurship when the ratio of vacancies to unemployment is less than one (see
Figure 3.5). When the ratio of vacancies to unemployment is greater than one, the impact
of enhanced growth on entrepreneurship depends once again on the elasticities of the
entrepreneurship and job creation curves together with the extent to which a change in

entrepreneurial ability A(g) causes shifts in both curves.

Figure 3.5: The Impact of Technological Growth on Entrepreneurship when only the

Employment Duration Effect is Present
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We next provide an overview of the ways in which technological growth affects
unemployment. According to equation (6), unemployment is sensitive to changes in the
threshold level of ability beyond which agents become entrepreneurs, labor market
tightness 6, and the optimal duration of a job T*. The impact of growth on unemployment
that operates via changes in & is labeled the composition effect, that which operates via

changes in 6 the job creation effect, and that which operates via changes in T" the
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creative destruction effect. Figure 3.6 illustrates the three effects.

Figure 3.6: The Impact of Technological Growth on Unemployment
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The curve Au = 0 consists of the combinations of the reservation ability and labor
market tightness that can sustain the current level of unemployment, given the optimal
duration of a job. An increase in the growth rate shifts the Au = 0 curve down if
technological change is embodied.*' Starting from a point on the Au = 0 curve, both an
increase in the reservation ability (moving upward along the vertical axis) and a decrease
in labor market tightness (moving left along the horizontal axis) lead to an increase in
unemployment. A decrease in the job destruction age also makes a hike in unemployment

more likely in response to an increase in growth.

*! When the technological change in embodied, an increase in the growth rate leads to a decrease in the
optimal job destruction age. If the labor market tightness and the reservation ability were to remain
constant, unemployment would increase in equilibrium. For unemploment to remain constaint, either the
reservation ability has to decrease or the labor market tightness has to raise. Both options cause the u=0 to
shift down.
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To summarize, our model suggests that technological growth may affect
entrepreneurship and unemployment in any fashion. Table 3.1 and 3.2 provide an
overview of the mechanisms by which the growth rate affects entrepreneurship and
unemployment. In the absence of the firm size effect, entrepreneurship and
unemployment tend to move in opposite directions. For example, an increase in the
number of entrepreneurs leads to an increase in labor market tightness, which reduces
unemployment. Entrepreneurship and unemployment move in the same direction if there
is a sufficiently strong firm size effect. When the firm size effect is strong enough, a
decrease in the number of entrepreneurs no longer immediately translates into a decrease
in labor market tightness: because entrepreneurs can create more jobs when growth
enhances entrepreneurial ability, A'(g) > 0, labor market tightness can increase even if
the number of entrepreneurs is lower. This scenario is also likely when the job creation

curve is very elastic.

Table 3.1: The Mechanisms by which Technological Growth Affects Entrepreneurship.

Effects Relating to the Impact of Technological Growth on Entrepreneurship

Name Source Effect Positive if

Capitalization Effective discount rate Effective Discount Rate is

Increasing in Growth

Firm Size Entreprencurial ability Growth Enhances

Entrepreneurial Ability

Employment Duration | Optimal Job Destruction Age Never
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Table 3.2: The Mechanisms by which Technological Growth Affects Unemployment.

Effects Relating to the Impact of Technological Growth on Unemployment

Name Source Effect Positive if
Composition Changes in Labor Force Growth Decreases
Composition Entrepreneurship
Job Creation Changes in Labor Market Tightness | Growth Decreases Labor Market
Tightness
Creative Destruction Optimal Job Destruction Age Technological Growth is
Embodied

We now proceed with studying analytically in detail the impact of technological
growth on entrepreneurship and unemployment when labor markets are frictionless. We

then examine the cases in which there are labor market frictions.

3. Frictionless Labor Markets

3.1. Disembodied Technological Change

An individual chooses the occupation that maximizes the present discounted value of
future income. An agent with entrepreneurial ability a can either become an entrepreneur
that creates aA(g) jobs, or a worker that gets the wage w(t). In the entrepreneurial
occupation, the expected payoff to the individual is aA(g)V (t) — p(t)K, which equals
the total expected profit of creating ¢A(g) new jobs minus the business start-up cost
p(t)K. The payoff of becoming a worker is W (t). Entrepreneurs are therefore those

whose ability satisfies the inequality

(3.7) aA(g)V(t) —p()K = W(t)
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The value of being a worker solves the asset pricing equation
(3.8) R(GW () = w(t) + W (t)
where a dot on top of a value function refers to the derivative with respect to time. The
value of creating a job is given by
(3.9) V(t) =J@) —p(t)c
where J(t) is the value to the entrepreneur of a filled job position. Jobs are subject to
separation shocks, which follow a Poisson process with arrival rate 5. Given these
exogenous separations shocks, J(t)is the solution to the following asset pricing equation:
(3.10) R(@I(@®) =p®)y —w(t) = [ (&) = V(O] +](©)
where p(t)y is the output generated from a match.

In what follows, we focus our attention on the balanced growth path, along which w(t)
grows at the rate g, as do J(t) and W (t). Thus, we have that J(t) = p(t)], W(t) =

p(O)W,and w(t) = p(t)w, where

w
(3.11) W= m
and

_y—w-—4dc
(3.12) = —R(g) e

The value of creating a job can thereby be written as

_y—w-—dc

(3:13) " R@-g

—C

Given that V and W are independent of a, the occupational choice decision is governed
by a reservation entrepreneurial ability &, such that an agent with ability o becomes an

entrepreneur if a > @&, otherwise he becomes a worker. The reservation ability satisfies

97



W+K
A(g)V

(3.14) q =

Replacing equations (3.11) and (3.13) into equation (3.14), we find that

w+ (R(g) — 9K
APy —w—-(+R(9) —9g)]

(3.15) a=

For the labor market to be in equilibrium, the number of workers in the economy F (&)
must equal the number of jobs created by entrepreneurs, [1 — F(&)]A(g)E (a|la = @).

The labor market clearing condition can then be written as

amax

(3.16) F(&)zA(g)f adF(a)

Note that the system of equations that characterize the equilibrium is block recursive.
Equation (16) uniquely determines the threshold ability &. Knowing &, equation (15)
uniquely determines the wage w.** The following proposition describes the impact of

growth on entrepreneurship.

PROPOSITION 1: Suppose technological growth is disembodied and the labor market is
frictionless. An increase in the growth rate reduces the number of entrepreneurs if and

only if growth enhances entrepreneurial ability, i.e. A'(g) > 0.

PROOF: Immediate from (16).

Technological growth dampens the extent of entrepreneurship if and only if an increase
in growth enhances entrepreneurial ability at managing workers. The intuition of this

result follows from equation (16). When the labor market is frictionless, there are no

R(9)—g K
1+a

* Specifically, we have that w = % [y — (6 +R(g) —g)c] —
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unemployed workers or unfilled vacancies in equilibrium. The number of entrepreneurs is
then given by the minimum number of entrepreneurs that are needed to create enough
jobs for the workers in the economy. The sign of A’(g) plays an important role in
determining the impact of technological growth on entrepreneurship because it captures
whether more or less entrepreneurs are needed to hire all the workers when growth is
augmented. Given that fewer entrepreneurs are needed to hire the workers when A'(g)>0,
the number of entrepreneurs in equilibrium decreases in response to an increase in
growth. The opposite occurs when A’'(g) < 0. If A’(g) = 0, then changes in the growth
rate have no effect on the number of entrepreneurs. Finally, note that to obtain this result,

no restrictions on the interest rate R(g) are required.

3.2. Embodied Technological Change

When technological change is embodied, only the productivity of new jobs grows at
the exogenous rate g. Once a job is created, its productivity remains fixed for the duration
of the match. Given that labor markets are competitive, wages paid by entrepreneurs
follow the course of productivity growth very closely.* Technological change causes
wages to grow over time, even if the productivity of the job remains fixed. As a result,
the match eventually becomes unprofitable for the entrepreneur. Once that point is
reached, the entrepreneur destroys the job and lays off the worker.

The difference between embodied and disembodied technological change is that now
the value of being a worker might depend on the date the job was created, given that not

all jobs are equally productive. The value to a worker of being employed at time t in a job

* Entrepreneurs do not pay workers their marginal product because they need to recuperate the business
start-up cost and cover the opportunity cost of being an entrepreneur.
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created at time 7 is the solution to the following functional equation:
(3.17) R(QW(t,T) = max{w(t,T) + S[W(t, t) — W(t,T)] + W(t,T),R(Q)W(t, t)}
where w(t, 7) is the wage paid at time t to a worker that joined the entrepreneur at time 7.
The max operator indicates that workers can move instantaneously at no cost between
jobs. This assumption implies that workers must be indifferent between all jobs. That is,
W (t,t) = W(t,t), which in turn implies that wages in all jobs have to be equal, i.e.
w(t, ) = w(t, t). Equation (17) can then be written as
(3.18) R(W(t) = w(t) + W(t)

As before, the value of being an entrepreneur is given by

S(a,t) = A(@)V () —p(OK

and the value of having a vacant job can be written as
(3.19) V() =]t t) —p(t)c
where J(t, t) is the value to an entrepreneur of a recently filled job. The value to an
entrepreneur of a filled job at date t which was created at time 7, J (¢, 7), is given by
(320) R(9)/(t,7) = max{p(r)y —w(t, ) + 5[V (t) —J(t, D] +/(t,7),R(PV ()}
where p(7)y is the output generated from a match created at time .

Finally, we specify how entrepreneurs choose the age at which a job is destroyed. The

value to the entrepreneur of a filled job position can be written as

( t+T
J [p(D)y —w(t, T)]e_(R(g)+5)(s—t)dS
(321) ](t, T) = mTaX< e T t >
+ J [1 - e—5(s—t)]V(t)e‘(R(g))(s—t)dS +V(t + T)e R@+OE+T)
‘ J

where the first term captures the expected present discounted value of future profits

generated by a filled job, while the last two terms capture the expected continuation value

100



of a vacant job.**

In what follows, we focus our attention on the balanced growth path. Given that wages
and asset prices grow at the same rate along the balanced growth path, the value of being
a worker and the value of posting a vacancy can be written as
(3.22) R(gW =w + gW
(3.23) V=J0)—-c
The problem of finding the optimal age at which to destroy a job, T™, can be expressed as

[ )
f[P(—T)y - W(—‘[)]e—(R(Q)+6)tdt

T

+ f [1— e 8t|Ve R@tge + V(T)e~R@+OD
U o )

(3.24) J= max

where p(—1) and w(—1) represent the productivity and the wage paid by a job 7 created
periods ago.

The optimal duration of a job is a decreasing function of the growth rate g. This is so
because while the expected present discounted value of future profits generated by a
filled job (the first term in equation (3.24) is decreasing in g, the expected continuation
value of a vacant job (the last two terms in equation (3.24) is increasing in g.

As before, two equations play a key role in the solution of the model. First, for the
labor market to be in equilibrium, the number of workers in the economy F (&) must
equal the number of jobs created by entrepreneurs, [1 — F(&)]A(g)E (a|a = F(&)). The
labor market clearing condition is therefore the same as in the case with disembodied

technological change:

* When the optimal age at which a job is destroyed is infinity, the value to the entrepreneur of a filled job
position in the case with embodied technological change coincides with the value to the entrepreneur of a
filled job position in the case with disembodied technological, which was defined in equation (3.10)
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amax

(3.25) F(&) = A(g) f « dF (a)

Second, there is the occupational choice decision, which is characterized by the
reservation entrepreneurial ability @, such that an agent with ability « becomes an

entrepreneur if @ = &, otherwise he becomes a worker. The reservation ability satisfies

W+ K

(3.26) q = AV

The following proposition describes the impact of technological growth on

entrepreneurship.

PROPOSTION 2: Suppose technological growth is embodied and the labor market is
frictionless. An increase in the growth rate reduces the number of entrepreneurs if and
only if growth enhances entrepreneurial ability, i.e. A'(g) > 0.

PROOF: Immediate from (3.25).

As in the case with disembodied technological change, growth dampens

entrepreneurship if and only if an increase in growth enhances entrepreneurial ability at

managing workers. The same intuition follows through, so it is not repeated.

4. Labor Market Frictions

Suppose the labor market is burdened by frictions that prevent entrepreneurs from
finding workers and workers from finding jobs. In order to find workers, entrepreneurs
post vacancies and workers search for jobs. Only unemployed workers can search for

jobs and the search process is random in the sense that they cannot target their search to a
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particular vacancy. The cost to entrepreneurs of posting a vacancy is p(t)c per vacancy.
While considering whether to post a vacancy, entrepreneurs compare the expected future
profit with the cost of posting a vacancy.

The number of jobs that are filled at a given point in time is summarized by a matching
function m(v, u), where v is the number of vacancies and u is the number of unemployed
workers, both expressed in terms of the fixed labor force. The matching function m(-) is
increasing, concave, and homogeneous of degree 1 in vacancies and unemployment.
Once a match has been formed, wages paid by entrepreneurs to workers are determined
via Nash bargaining, where the worker's bargaining power is denoted by 5. Wages can be
recontracted at any point in time, at no cost. Entrepreneur-worker matches are subject to
separation shocks, which follow a Poisson process with arrival rate J. Matches can also

be endogenously destroyed if the match is no longer profitable.

4.1. Disembodied Technological Change

The value of becoming an entrepreneur at time t for an agent with entrepreneurial
ability a, S(a, t), is given by
(3.27) S(a,t) = A(@)V () —p(OK
where V (t) is the value of creating a new vacancy at date t and p(?)K is the cost of
starting a business. V(%) is the solution to the following asset pricing equation:
(3.28) R(@V(6) = qO)[ () — V()] - p(t)c +V(b)
where 8 = (v/u) is labor market tightness, q(6) = m(v, u))/v is the probability of
filling the vacancy, p(t)c is the cost of posting a vacancy, and J(t) is the value to an

entrepreneur of having a filled job at time t. J(t) solves the asset pricing equation
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(3.29) R(9)] () = max{p(t)y —w(t) + (V(t) = (1)) + (1), R(QIV (D)}
where p(t)y is the output generated from a match, w(t) is the wage paid at time t to the
worker, and the max operator in equation (29) captures the fact that the job is destroyed
once the value of the filled job falls below that of a vacant job. The value of being a
worker, W(t), is the solution to the following asset pricing equation:

(3.30) R(@W () = max{w(t) — [W () — U(O)] + W(t), R(9)U (1)}

The max operator in equation (3.30) allows the worker to quit his job to become
unemployed. Finally, the value of being unemployed, U(t), solves

(3.31) R(UE) =p®)b +q@)[W(t) = U®)] + U(L)

As before, given that the value of being an entrepreneur is increasing in ability a, while
the value of being a worker is independent of a, the choice of whether to become an
entrepreneur can be characterized by a reservation entrepreneurial ability &. That is, an
agent with entrepreneurial ability @ becomes an entrepreneur if @ > @, otherwise he

becomes a worker. The reservation ability is given by

Ut +p(H)K

(3:32) TG

( ) OV(G)

One can show that —— > 0 and —— < 0, which by equation (32) implies that the

o o . oa o
extent of entrepreneurship is decreasing in labor market tightness, a—g > 0. Intuitively,

when labor market tightness is higher, it becomes more difficult for entrepreneurs to fill

their vacancies, while it becomes easier for unemployed workers to find jobs. Therefore,
more agents become workers and fewer become entrepreneurs in response to an increase
in labor market tightness.

In what follows, we focus our attention on the balanced growth path, along which labor
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market tightness 0 is constant. Given that 6 is fixed, wages are set via Nash bargaining,
and labor productivity and all costs grow at the same rate g, one can show that J(t), V(t),
W (t) and U(t) also grow at the rate g. The implications are that these value functions
can be written as J(t) = p(t)/, V(t) = p@®)V,W(t) = p(O)W,and U(t) = p(t)U.

Hence, along the balanced growth path, equations (3.28), (3.29), (3.30), and (3.31) can be

written as

(3.33) R@) -V =q@O) -V]-c

(3.34) (R(9) —g)] =max{y —w+ 5V —]),(R(g) — 9V}
(3.35) (R(9) — W = max{w — §[W — U], (R(g9) — 9)U}
(3.36) (R(g9) = 9)U = b +q(O)[W - U]

4.1.1. Labor Market Flows

Given the reservation ability &, the number of entrepreneurs is given by 1 — F(&).
Because entrepreneurs find it optimal to create jobs up to their entrepreneurial ability, the

total number of jobs created is

amax

(3.37) n+v=A4(~9) f adF(a)

where n is the number of filled jobs and v is the number of vacant jobs. The
unemployment rate is the difference between the total number of workers minus the
number of filled jobs:
(3.38) u=F@@) —n

To determine how employment evolves, one can examine employment from the

entrepreneur's or worker's perspective. From the entrepreneur's perspective, given that
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vacancies are filled with probability q(6) and filled jobs are destroyed with probability &,

employment evolves according to

amax

(3.39) 7= q(0)|acg) f ¢ dF(a) —n| - 6n

a
where the term in brackets is the number of vacancies. In terms of the worker's transition
rates, given that unemployed workers find jobs with probability 8q(8) and employed
workers lose their jobs with probability §, employment evolves according to
(3.40) n=0q(0)[F(@) —n]—dn
where the term in brackets is the number of unemployed workers.

Combining equations (39) and (40), and evaluating n at its steady-state value, one can
show that along a balanced growth path the following relation between reservation ability

and labor market tightness is satisfied:

amax

A(g) @ dF (a) = 60 + 6q(0)

(3.41) F(a) ) §+6q(6)

Finally, replacing the steady-state value of employment into equation (38), one can show

that the proportion of unemployed workers in the steady state is given by

SF (&)

(3.42) 570900

4.1.2. Equilibrium

Equilibrium can be summarized by a system of two equations in two unknowns.
These equations are:

U®) +K

(3.43) a= A—(g)V(H)
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amax

A(g) 86+ 6q(6)
F@) J @ dF (@) = =5

(3.44)

where U(0) and V(8) are

N q(@)[y —b +c]
R(g)—g R —PIA—-F)q6) +R(g) —g+ 6+ pOq(0)]

(1—-p8)q(0)[y — bl - [R(g) — g + & + BOq(8)]c)
(R(9) —PI(A = p)q(6) + R(g) — g + 6 + 6q(6)]

(3.45) U(H) =

(3.46) Vo) =

The unknowns in the system of equations are labor market tightness 8 and the
entreprencurial ability threshold &. With knowledge of 8 and &, the following are
uniquely determined: the number of entrepreneurs 1 — F (&), the number of employed
workers 1 — F(&) — u, and total unemployment (3.42). This system of two equations can
be represented graphically as in Fonseca et al. (2001). One can show that equation (43),
which we refer to as the entrepreneurship curve, is upward sloping in 8-@ space, while
equation (3.34), which we refer to as the job creation curve, is downward sloping in 8-&
space (see Figure 3.3).*

With labor market frictions and disembodied technological change, growth affects
entrepreneurship via two mechanisms. The first mechanism operates through the
entrepreneur's effective discount rate R(g)-g. The impact of growth on the effective
discount rate is relevant because the costs of creating a job are paid initially, while the
benefits accrue in the future. Aghion and Howitt (1994) and Mortensen and Pissarides
(1999) find a similar mechanism while studying the effect of growth on unemployment,
which they label the capitalization effect of growth. Faster technological progress has

both a direct effect on the effective discount rate and an indirect effect through changes in

* The intuition for the slopes of these curves can be found in footnotes 33 and 34.
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the interest rate. While the direct effect reduces the effective discount rate, the indirect
effect can either increase or decrease the effective discount rate depending on the sign of
R’(g). The net effect is such that a higher rate of technological growth increases the
effective discount rate if and only if R'(g)>1.

The second mechanism operates via the ability of entrepreneurs to create jobs, which
we label the firm size effect of growth. Recall that the maximum number of workers an
entrepreneur can manage is aA(g). Hence, all else being equal, the greater is A(g), the
higher is the value of being an entrepreneur. However, an increase in A(g) might not
result in more entrepreneurship because when A(g) is greater, each entrepreneur creates
more jobs, which leads to higher wages in equilibrium.

The following proposition derives the ways in which entrepreneurship and

unemployment depend on the exogenous growth rate when the firm size effect is absent.

PROPOSITION 3: Suppose technological growth is disembodied, there are labor market
frictions, and the firm size effect is absent, i.e. entrepreneurial ability is independent of
growth, A’(g)=0. An increase in the growth rate reduces the number of entrepreneurs and
increases the number of unemployed workers if and only if the effective discount rate is
increasing in growth, R'(g)>1.

PROOF: See Appendix.

Whether R'(g) is smaller or greater than 1 is crucial because it determines the direction
of the capitalization effect of growth. When R'(g)>1, the effective discount rate is higher

the greater is the growth rate. This makes creating jobs less profitable, decreasing the
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value of being an entrepreneur.

The impact of technological growth on entrepreneurship and unemployment is
illustrated in Figure 3.3, which considers the case in which R'(g)>1. From equation (43),
we infer that a higher growth rate decreases the threshold ability & at all levels of labor
market tightness 0 (i.e., it shifts the entrepreneurship curve up) if and only if R'(g)>1.
Meanwhile, the growth rate does not influence the job creation curve. Therefore, when
the growth rate is elevated, @ is higher and 0 is lower if and only if R'(g)>1.

When the effective discount rate is increasing in growth, R'(g)>1, the unemployment
rate is increasing in growth due to two effects that operate in the same direction. First,
because fewer workers become entrepreneurs (in response to the increase in g when
R'(g)>1), the increase in the number of agents becoming workers increases
unemployment since there are more agents searching for jobs. We previously labeled this
mechanism the composition effect, which is reflected in equation (42) by a higher F(&).
The second reason why the unemployment rate is higher is that the decrease in the
number of entrepreneurs (brought about by the increase in g when R’(g)>1) decreases job
creation, so it becomes more difficult for workers to find jobs. We previously labeled this
mechanism the job creation effect, which is reflected in equation (42) by a lower 6q(9).

The following proposition derives the ways in which entrepreneurship depends on the
exogenous growth rate when the capitalization effect is absent. To simplify the
exposition, define £(&, 0)|; and £(&, 8)|,¢ as the elasticities with respect to labor market
tightness of the reservation ability along the entrepreneurship and job creation curves,

respectively; and define @ = E(a|a = &) as the average ability of an entrepreneur.
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PROPOSTION 4: Suppose technological growth is disembodied, there are labor market
frictions, and the capitalization effect is absent, i.e. the effective discount rate is
independent of growth, R'(g)=1. The number of entrepreneurs is decreasing in the growth

rate g if growth enhances entrepreneurial ability, A'(g)>0, and

£@0)ls @ L Y@
@0, A-F@a F@

(3.47)

or if growth dampens entrepreneurial ability, A'(g)<0, and

(@, 0)lg a’ af (@)

(3.48) (@0, L A-F@na' F@

Otherwise, the number of entrepreneurs is increasing in the growth rate g.

PROOF: See Appendix.

The elasticities of the entrepreneurship and job creation curves are relevant because a
change in the growth rate has direct and indirect effects that operate in opposite
directions. When technological growth enhances entrepreneurial ability, A'(g)>0, the
value of being an entrepreneur increases at all levels of labor market tightness 68 because
entrepreneurs can now manage more workers in response to an increase in growth.
However, the increase in the number of jobs leads to a reduction in unemployment, which
has a negative effect on entrepreneurship both through higher wages and a lower
probability of filling vacancies. Whether the direct or indirect effect dominates depends
on how sensitive job creation and entrepreneurship are to labor market tightness. The
more sensitive the decision to become an entrepreneur is to labor market tightness, the
stronger is the indirect effect and the more likely it becomes that the number of

entrepreneurs is reduced when the growth rate increases (see Figure 3.7).
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Figure 3.7: The Impact of Technological Growth on Entrepreneurship when only the

Firm Size Effect is Present and A'(g)>0.
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A simple back of the envelope calculation suggests that the impact of technological
growth on entrepreneurship is negative when the capitalization effect is absent. Suppose
A'(g)>0, entrepreneurial ability is uniformly distributed and 10% of agents in the
economy are employers, i.e. =0.1. Without labor market frictions, to obtain full
employment, each entrepreneur must hire 9 workers on average. Suppose that when there
are labor market frictions, the average ability of an entrepreneur is =9.5 and the
reservation ability is  =9. Then, we have that term on the right hand side of inequality
(47) is (9%/(0.1%9.5))+1 = 85.26*°. Therefore, for reasonable parameter values and

entrepreneurial ability distribution, the elasticity of the reservation ability along the

 Note that

function equals 0.

when the distribution is uniform and the minimum of the support of the distribution
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entrepreneurship curve &(&, 0)|g has to be considerably larger than that along the job
creation curve £(&, 8)| ¢ for higher growth to enhance entrepreneurship.

The following proposition derives the way in which unemployment depends on the
exogenous growth rate when the capitalization effect is absent. For convenience, let

u(8) = 6q(0) denote the probability that an unemployed worker finds a job.

PROPOSITON 5: Suppose technological growth is disembodied, there are labor market
frictions, and the capitalization effect is absent, i.e. the effective discount rate is
independent of growth, R'(g)=1. The number of unemployed workers is decreasing in the

growth rate g if growth enhances entrepreneurial ability, A'(g)>0, and

a , W@ +u@)1\ . a N
(349) 5+ﬂ(9)<6+#(9)+ 5+/.1(9) ) g(a,@)ljc +A(g)m€(0(,9)|5
A(g)u' (6)6 [& (1 N @f(c?)) a ]
f@I6 + u(6)] F@/(1-F@)a
or if growth dampens entrepreneurial ability, A'(g)<0, and
a , w(O)Is6 +u@)1\ a "
(3:50) == 1(0) <5 +w ) +—— 1(0) ) (@, 0)jc + A(g)—(1 “F@)a (@, 0)g
A ) | af(a) a
” F@ (6 + u(@)] [“ (1% (i- F(o?))&]

Otherwise, the number of unemployed workers is increasing in the growth rate g.

PROOF: See Appendix.

Condition (49) is easier to interpret when expressed in term of equilibrium changes in

the reservation ability and labor market tightness:
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da  SF(&)u' () do

S iy <ru@Fdy

The left hand side is the composition effect and the right hand side is the job creation
effect. One can show that labor market tightness is increasing in the growth rate, % > 0,
when growth enhances entrepreneurial ability, A'(g)>0 . If the extent of entrepreneurship
is increasing in growth, % < 0, then condition (3.51) is immediately satisfied. This arises

because, in this scenario, the composition and job creation effects operate in the same
direction. The increase in the number of entrepreneurs reduces the number of workers,
which in turn reduces unemployment at any level of labor market tightness. The increase
in labor market tightness also reduces unemployment since it becomes easier for workers

to find jobs. It is only in the case when the composition and job creation effects operate in

. o . da .
different directions (for example, as arises when ﬁ > 0) that further conditions are

. . da de
required for growth to have a negative effect on unemployment. When d—g and 2 e both

positive, the increase in the number of workers raises unemployment but the increase in
labor market tightness reduces unemployment. The condition (49) limits how much
entrepreneurship can change in comparison to labor market tightness, to ensure a
decrease in unemployment in response to an increase in growth.

The following proposition derives the ways in which entrepreneurship and
unemployment depend on the growth rate when both the capitalization and firm size

effects are present.

PROPOSITION 6: Suppose technological growth is disembodied and there are labor

market frictions. The number of entrepreneurs is decreasing in the growth rate g if growth
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enhances entrepreneurial ability, A'(g)>0, and

£(@,0)ls % af (@)
@ 0)l)c Lp( A-F@ya = F@ )

(3.52)

or if growth dampens entrepreneurial ability, A'(g)<0, and

(@, 0)lg w( a2 W(@)

(3.53) @l ~ \U-F@ya F@

(Rr(g)-D[aA(g)c+b+K])
a(Ar(@l-Pa(0)[y-bl-[R(9)~g+8+Bu(0)]c]

where ¥ =1 — . Otherwise, the number of

entrepreneurs is increasing in the growth rate g.

The number of unemployed workers is decreasing in g if A’(g)>0 and

74 "(6)[66 6 a
R T (6 rue) + £ 35[+ #Zg( )]) £(@,0)\)c +A(g)me<d,e>|g
AQE©®9 [ of @)y @
F@DB + u®)] ["‘ +(1+v55) - F(d))&]
or if A'(g)<0 and
74 "(8)[66 6 74
(655 i (6 +io) +E O ”) (@Ol + A [T e @O
AR ©®9 [ af@) @
> Fa e 2 (1Y Tw) - F(&))&]

Otherwise, the number of unemployed workers is increasing in g.

PROOF: See Appendix.

The proposition is similar in format to the one obtained when only the firm size
effect is present. Once we allow for the capitalization effect to be present, it makes
having a positive impact of growth on entrepreneurship less (more) likely when the

effective discount rate is increasing (decreasing) in the growth rate, R'(g)>(<)1.
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Similarly, a negative (positive) capitalization effect makes having a negative (positive)
impact of growth on unemployment less (more) likely. The intuition is that a negative
capitalization effect reduces the value of being an entrepreneur when R'(g)>1, which
translates into lower entrepreneurship and higher unemployment.

4.2.  Embodied Technological Change

When technological change is embodied, only the productivity of new jobs grows at
the exogenous rate g. Once a job is created, its productivity remains constant for the
duration of the match. The value of being an entrepreneur is still given by S(a, t) =
A(g)V(t) — p(t)K and the value of creating a new vacancy at date t is the solution to the
following asset pricing equation:

(3.56) RV () = q@[(t ) V()] —p()c + V(L)

where J(t, T) is the value at time t of a filled job that was created at time 7. J(t, T) solves
the asset pricing equation

(357)  R(@J(t, ) =max{p()y —w(t,7) + SV (t) —J(t,)) +J(t),R(V ()}
where p(7)y is the output produced by a worker that was matched to the entrepreneur at
time p(7)y, and w(t, 7) is the wage paid at time t to that same worker. The max operator
in equation (57) captures the fact that the job is destroyed once the value of the filled job
is lower than that of having a vacant job.

The value to a worker of being employed in a job that started producing at time solves
(3.58) R(9W(t, 1) = max{w(t,r) —S(W(t, 1) — U(t)) + W(t, 1), R(g)U ()}

The max operator in equation (3.58) allows the worker to quit his job to become

unemployed, which has value U(t). The value of being unemployed solves

(3.59) R(@U®) =p®b+q@)[W(t,t) - U®]+U(L)
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All jobs are eventually destroyed, either exogenously or endogenously. Endogenous
destruction occurs because wages are determined via Nash bargaining, taking into
account the employer's and worker's options to continue searching. Since the wages of
new jobs grow over time due to technological change, the value of searching for a new
job also rises over time. This causes wages in existing jobs to grow over time.*’
Entrepreneurs choose the age at which to destroy a job by maximizing the value of a job

position with respect to job duration. The maximal value of a job position can be written

as
t+T \
f [p(D)y —w(t, ‘L')]e_(R(Q)+5)(s—t)ds
(360) ](t, ’[) = mTaX< T t }
+ f [1 — e—8(s—t)]V(t)e—(R(g))(s—t)dS +V(t+ T)e—(R(g)+8)(t+T)
\ J

where the first term captures the expected present discounted value of future profits
generated by a filled job, while the last two terms capture the expected continuation value
of a vacant job.*

As before, an agent with ability & becomes an entrepreneur if @ > @, otherwise he

becomes a worker, where

u@ +p®K

(3.61) “=4GVE

We once again focus on the balanced growth path, along which we have J(t,7) =

pr(®)J(—1), V() =p®)V,W(t,t) =p(t)W(—71),and U(t) = p(t)U. J(—7) is the value

along the balanced growth path of a job position that was created periods ago. Similarly,

*" One can show that, along the balanced growth path, wages are established according to w(t,7) =
p(Dy +p®O[(1 = )b+ poc + [0 — 1]B(r — g)V].

* When the optimal age at which a job is destroyed is infinity, the value to the entrepreneur of a filled job
position in the case with embodied technological change coincides with the value to the entrepreneur of a
filled job position in the case with disembodied technological, which was defined in equation (3.29).
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W (—7) is the value along the balanced growth path of being a worker in a job that was
created T periods ago. Equations (56) through (59) can then be written as
(3.62) (R(@) -9V =q@) -V]=c

d —
(3.63) R(g)J(~1) = max {p(—r)y —w(r) + 87 (=) + TEOID], R(gW}

dlp(OW (=1)]
dt

(3.64) R(g)W(—t) = max {W(—T) - (W(-1)-U)+ ,R(g)U}

(3.65) (R(9) —9)U=b+q(6)[W(0) - U]
where p(—1) is the productivity of a job that was created periods ago and w(—1) is the
wage paid to a worker that was matched to the entrepreneur periods ago.

Finally, the problem of solving for the optimal duration of a job T* can be expressed as

( )

T
j[P(T)y —w(t, 7)]e”R@+dt gt
(3.66) J =maxy 0 >

+ f [1—e~8t Ve RWIt4t 4+ V(T)e~R@+MD
\ 0

J
The optimal duration of a job is decreasing in the growth rate g: the expected present

discounted value of future profits generated by a filled job (the first term in equation (66)
is decreasing in g, but the expected continuation value of a vacant job (the last two terms

in equation (66) is increasing in g.

4.2.1. Labor Market Flows

The difference with respect to the case in which technology is disembodied arises from
flows into unemployment. When technological change is disembodied, jobs are destroyed

only when they experience an exogenous destruction shock. When technological change
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is embodied, jobs are also destroyed when they reach their age of obsolescence.

The total number of jobs created is

amax

(3.67) n+v= Ag) f o dF (a)

and the unemployment rate is
(3.68) u=F(@) —n

The evolution of employment can be written from the entrepreneur's perspective:

max max

a a

n=q(6) A(g)f adF(a) —n|—6én—exp (—6T")q(0) |A(g) f adF(a) —n

= =

a a
where the first term is the number of vacancies that are filled (which equals the number
of vacancies times the vacancy filling rate), the second term is the number of jobs that are
exogenously destroyed, and the last term is the number of jobs that are endogenously

destroyed. This last expression can be re-stated as

amax

(3.69) n=(1-exp(—6T"))q(0)|A(g) f adF(a) —n|—6n

=

a

In terms of a worker's transition rates, the evolution of employment can be written
n=0q(0)[F(@) —n] —én —exp (=6T")0q(6)[F(a) —n]

where the first term is the number of workers that find a job (which equals the number of

unemployed workers times the job finding rate). The second and third terms are the

number of workers that exogenously and endogenously lose their jobs, respectively. This

last expression can be re-stated as

(3.70) n=(1-exp(—6T"))0q(O)[F(&) —n]—oén

Combining equations (69) and (<70), and evaluating at the steady state, we find
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amax

A(g) AF(a) = 36 + [1 —exp (—6T)]0q(6)
F@ ) (@) = ST =exp (=0T)]0q(0)

(3.71)

Finally, replacing the steady state level of employment into equation (68), one can show

that the proportion of unemployed workers in the steady state is given by\

~ SF(&)
5+ [1—exp (=8T*)]0q(6)

(3.72) u

4.2.2. Equilibrium

As before, two equations play a key role in the solution of the model. The two

equations are:

. U@O)+K

(3.73) T AV
a9 T 80+ [1— exp (—5T)]0q(6)
(3.74) F@ ) © (@) = 5T = exp (=5T109(0)

With embodied technological change, growth affects entrepreneurship via three
mechanisms. The first two mechanisms are the capitalization effect and the firm size
effect, which were also present with disembodied technological change. The third
mechanism operates via changes in the optimal duration of a job, labeled the employment
duration effect. As the growth rate increases, the average duration of a job becomes
shorter. All else being equal, this reduces the value of opening vacancies and thereby the
value of becoming an entrepreneur.

The following proposition derives the ways in which entrepreneurship and
unemployment depend on the exogenous growth rate when the capitalization and firm

size effects are absent.
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PROPOSITION 7: Suppose technological growth is embodied, there are labor market
frictions, the capitalization effect is absent, i.e. the effective discount rate is independent
of growth, R'(g)=1, and the firm size effect is absent, i.e. entrepreneurial ability is
independent of growth, A'(g)=0, and the initial labor market tightness satisfies 8<1. The
number of entrepreneurs is decreasing in the growth rate g and the number of
unemployed workers is increasing in g.

PROOF: See Appendix.

The intuition of the proposition is illustrated graphically in Figure 3.5. With embodied
technological change, a change in the growth rate affects not only the location of the
entrepreneurship curve but also that of the job creation curve. As with frictionless labor
markets, an increase in the growth rate reduces the optimal duration of a job, which shifts
upward the entrepreneurship curve. According to equation (74), the job creation curve
rotates around 8 =1 when the optimal duration decreases, with the new job creation curve
being above (below) the previous one if 8 <1 (6 >1, respectively). By inspecting Figure
3.5, one notices that it is only in the region where 6 <1 that an increase in the growth rate
causes both the entrepreneurship and job creation curves to shift upward. This ensures
that an increase in the growth rate decreases the number of entrepreneurs when 8 <1. To
be able to sign the impact of technological change on entrepreneurship when 6 >1,
further restrictions on the elasticities of the entrepreneurship and job creation curves are
needed.

The result that the job creation curve rotates around 8 =1 when the optimal job
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duration of a job changes is based on the assumption that the matching function is
homogenous of degree 1, as it implies that the probability a firm fills a vacancy is q(0)
and the probability of an unemployed worker finding a job is 8q(6); thus, for 8 <1, the
probability of filling a vacancy is higher than the probability of finding a job. Evaluating
the steady-state value of employment n (11 = 0) from the entrepreneur's perspective,

equation (69) implies a level of employment of

[1 - exp (=6T")]q(0) [ adF()
(3.75) n= §+[1—exp (—6T*)]q(6)

From the worker's perspective, the steady state level of employment implied by equation
(70) is

_ [1—exp (=8T7)]0q(0)F (@)

(3.76) 8+ [1—exp (—6T*)]0q(6)

At the steady state, the levels of employment implied by the two equations must be the
same. Now, if the reservation entrepreneurial ability & and labor market tightness 6 were
to remain fixed at their original levels after the reduction in the optimal job destruction
age, the new steady state level of employment implied by equation (76) would be lower

than that implied by equation (75). This cannot be an equilibrium. For the two new

implied levels of employment to be the same, F (&) has to increase and f; - a dF (a)

has to decrease. This is achieved by an increase in the reservation ability &, which
explains the rotation upward of the job creation curve when 8<1. The opposite occurs
when 6>1.

The rotation of the job creation curve is important because it reflects an indirect effect
of growth, which operates via changes in labor market tightness. For any given

reservation ability, the rotation of the job creation curve leads to an increase (decrease) in
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labor market tightness whenever 8<1 (6>1, respectively). Thus, there are two forces
operating at once when only the employment duration effect is present. On the one hand,
the reduction of the job destruction age reduces the value of being an entrepreneur. On
the other hand, the change in labor market tightness also affects the value of being an
entrepreneur, with an increase in labor market tightness reducing the value of being an
entrepreneur. When 6<1, the two forces reduce the value of being an entrepreneur, such
that the number of entrepreneurs decreases in equilibrium. However, when 6>1, the two
forces operate in different directions, such that the overall effect depends on which of the
two forces dominates.

With regards to the impact of an increase in growth on unemployment, note that both
the creative destruction effect, brought about by the reduction of the optimal duration of a
job T*, and the job creation effect, brought about by the decrease in labor market
tightness 6, tend to increase unemployment. The composition effect operates in the same
direction when 6<1, so unemployment is increasing in g when 8<1. However, the
composition effect operates in the opposite direction than the creative destruction and job
creation effects when 6>1. Further conditions are then required to determine whether
unemployment increases or decreases in response to a rise in growth when 6>1.

Finally, one can generalize our results when the employment duration effect is present,
but the conditions that emerge are very mathematically involved, so they are omitted.
This is so because in some occasions the capitalization, firm size, and employment
duration effects operate in different directions, such that the relative strength of each must
be considered. Nevertheless, if the decrease in labor market tightness implied by the

rotation of the job creation curve is sufficiently weak, then the presence of the creative
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destruction effect reduces the likelihood that a higher rate of technological change

increases entrepreneurship and decreases unemployment.

5. Conclusion

This paper proposed a simple theory to examine the impact of exogenous technical
change on entrepreneurship. Our model unveiled three mechanisms through which
growth affects entrepreneurship: the capitalization effect, which pertains to the impact of
growth on the effective discount rate; the firm size effect, which concerns the impact of
growth on entrepreneurial ability at managing workers; and the employment duration
effect, which operates via the optimal duration of a job in light of technological
obsolescence. We found that when the labor market is frictionless, only the firm size
effect affects entrepreneurship: growth dampens entrepreneurship if and only if growth
enhances entrepreneurial ability. When there are frictions in the labor market, all three
effects influence entrepreneurship. Given that in some occasions the capitalization, firm
size, and employment duration effects operate in different directions, the relative strength
of each has to be considered in order to evaluate the overall impact of technological
change on entrepreneurship.

Labor market frictions introduce unemployment in equilibrium, which allowed us to
study the effect of exogenous technical change on unemployment. Our model unveiled
three mechanisms through which technological change affects unemployment: the
composition effect, which pertains to the occupational choice decision; the job creation
effect, which is associated with labor market tightness; and the creative destruction effect,

which operates via the endogenous destruction of jobs resulting from technological
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change. Once again, because these effects may operate in different directions, the relative
strength of each has to be considered in order to evaluate the overall impact of
technological change on unemployment.

Our analysis suggests that technological growth may affect entrepreneurship and
unemployment in almost any fashion. In the absence of a firm size effect,
entrepreneurship and unemployment tend to move in opposite directions. For example, an
increase in the number of entrepreneurs leads to an increase in labor market tightness,
which reduces unemployment. For entrepreneurship and unemployment to move in the
same direction, there must be a sufficiently strong firm size effect: when this is so, a
decrease in the number of entrepreneurs no longer necessarily leads to a decrease in labor
market tightness.

Future theoretical research should aim toward deriving from first principles our
reduced-form assumptions relating to the impact of growth on the effective discount rate
and entrepreneurial ability at managing workers. Doing so might shed light on the
relative strengths of some mechanisms identified in this paper. Our model also takes
technological growth to be exogenous: the challenge lies with formulating a single
tractable framework within which entrepreneurship, unemployment, and growth are all

endogenous.
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Appendices

I. Appendices to Chapter 1.

L.i. Proof Lemma 3

LEMMA 3. The value functions U(-) and W (+) exist and are continuously increasing in a
and e. W () is strictly increasing in w.

Proof

Rewrite the mapping defined by equations (2) and (7) as (Wt Uty = T(W?E, UY). Set
(W°,U%) = 0. Given that one is maximizing continuous functions over a compact set,
the theorem of the maximum implies that (W1, U') are continuous functions. Iterating on
the operator T one can show that the functions (Wt Ut*1) are also continuous. Then T
maps functions from the set of continuous functions into itself. It can also be shown that
the operator T satisfies Blackwell's monotonicity and discounting sufficient conditions
for a contraction. Then, the Contraction Mapping Theorem implies that the functions

U(-) and W (+) exist, they are unique and continuous.

Let V be the space of pairs of functions (U(ay, e;), W(W, a: , et)) with the property
that U(+) and W (+) are nondecreasing in a. Define V' as the set of strictly increasing pairs
of such functions. To prove that S(-) and W (-) are strictly increasing in a, I need to show
that T(V) € V'. For any a; > a;

W(Wl a;"l et) =

ae

!
u(at + We = 1+7r

= 1) + BsE[U(ast1,€41)] } >
+L(1 — s)Exmax[W (W, ary1, €441), U(Qrs1, €441)]

maXOsat+1s(1+r) [a£+wt] {
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1+r

max  _ -
0_at+1_(1+r)[at '+Wt] {"‘ﬁ(l — S)E;max[W(w, aey1, €441), U(Ary1, €441)]

u (at +we — aHl; 1) + BSE[U(ats1,€641)] } _

W(Wl atl et)
A similar argument can be used to show that U(ay,e;) is also strictly increasing in a;.
Proofs for the remaining propositions in the lemma are very similar to the one above and

are therefore omitted.

[.i1. Proof Lemma 4

LEMMA 4. There always exists an equilibrium.

Proof

This proof follows closely the proof of proposition 1 in Acemoglu and Shimer (1999).
As in their proof, I take three steps. In step 1, I show that any equilibrium solves a
constrained problem to be specified. In step 2, I show that any allocation that solves the
constrained problem specified in step 1 is part of an equilibrium. In step 3, I show that an

equilibrium always exist.

Step 1

Let {JY,/M(w), W (w, a, e), D,(w),r,wV(a, e),kF,q(w)} be part of an equilibrium.
Then, for any set (a, e) for which an unmatched worker finds it optimal to search for a
job, w¥(a, e), k¥, gq(w) solve

u(es, le) + Bxlaw)IW(w, azy4,0) }

(A1) §°(ap, e) = maxyr,y,q {+[>’(1 ~ X[aWIDE[U(ars1, er41)]

subject to
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(42) M@ Y (15=) Dew) = c(1+1) =0
t=0

and

(A3) w=b
To see this, take a set (a, e) for which an unmatched worker finds it optimal to search

for a job. Let ¢*, k™ and w*€ () be the optimal actions given the state. Optimality implies

{U(C*, lt) + ﬁ)([q (W*)]W(W*' Aey1) O)}

—cS =
§=S (at' et) = Ipax +4(1 —)([Q(W*)])Et[U(aHl' erv1)]

k*,w,q
with a; 1 = g(k™,e;) — (r + 8)k™ + (1 +r)(a; — c;). Now, suppose I force the agent
with the same (a, e) to apply to a wage w # w”. If  allow all other control variables to

be chosen optimally, (given wage application) and label these with a double star

A4 g (Ul 1)+ Bxlg(w H]ww, at+1,0)}
(4 . { +B(1 — x[qwW)DE[U(as1,€t41)]

For firms posting such wage w, it is true from the free entry condition that
t

N
(45) Ma@n(@) ) (75=) Pew) =1 +1) =0

Now, if {w, k™, g**, c**} were to yield a higher value for the same (a, e), That is,

'U,(C**, lt) + IBX[q**)]W(W*J At+1, O)
(46) °< { +B(1 = x[qa")DEc[U(a+1, ec41)] }
equations (A4) and (A6) would then imply that y[(g(w)] < x(q) and q(w) > q. But if

that if true, then, n(q) < n[(q(w)] which together with equation (A5) implies

t

Ma@n@) Y. (7o) Pew) = (1 +7) <0
t=0

Therefore, {k™, w, ¢**, ¢**} cannot be part of an equilibrium.
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Step 2

I now show that any allocation that solves the constrained problem described by
equation (A1), (A2) and (A3) is part of an equilibrium. Let {w*,q*, ¢*} be the solution to
the unmatched worker who decides to search and faces a state (a, e)
S =S(as, er) = ules, 1) + Bxlq 1E-W (W™, ayq, ee41) + B(L — X[q"DEU(ars1, €c41)

Define k™ as
(A7) M@ ) = w = k) 52 (2) Dew) = (1 +7) = 0
By construction, {w*,q*, ¢*, k*} is part of an equilibrium.
Next, define Q (w) as the solution to
S = S(as, er) = uleg, le) + B [QWIEW (W™, a1, €644)
+B(1 = x[QW)DE U(ars1, €r+1)
and let Q(w) = 0 if no solution exists. Now suppose one can find a set

w',Q(w"), ¢*, k'} such that

t

N
(48) MWK =w =1k Y (=) Delw) = e +7) >0
t=0

For such a triple, Q(w") > 0. Now define q’ as
(49) Ma1F0D) —w' =) ) (=) Dew) =1 +1) =0
t=0

Obviously g’ < Q(w"). Also,

ulct, b)) + PG IEW (W', aryr, e041) + B(1 — x[q'DEU(Ar41, €641) > S
Given that {w’, q', c*, k'} satisfies all the constraints and yields a higher value for the

searcher than {w*,q", c*, k*}, the latter cannot have been a solution to the constrained
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problem. In the solution to the constrained problem, the profit condition is satisfied with

equality and therefore, the subset is part of an equilibrium.

Step 3
To show existence of an equilibrium I need to consider two particular cases. These
cases depend critically on the maximum wage a firm would ever consider offering. If the
firm assumes that the worker will never choose to endogenously terminate a match and
can hire a worker with certainty next period, the present discounted value of future profits
by posting a wage w is given by
P L
] =nlgIFED) =w =1k Y (=) —c+1) =0
t=0
where k* is determined by f'(k*)=r+d. Free entry condition implies J=0 which results in a
maximum wage of that is implicitly defined by w = f(k*) — rk* — c(r + 8) /nlq(W)]
and

f(k*)—rk*—(r+4d6)c.

Casel: b > W

The maximum wage a firm would be willing to post is too low for workers to apply to
them. No firm enters the market resulting in Q=@. Firms have no incentives to deviate.
For wages lower than b no one applies, so firms' profit equal -c if they decide to enter.
For any wage w>b>W expected profits are negative by construction.

Given the properties of the production function available to the unmatched workers,

the Markov property for the productivity and the business project shocks, and the fact
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that the unmatched worker value function exists and is well-defined
(U(ay,e)=max(S"(aye),N" (a,ey))), the distributions @V (a, e) and M (w, a, e) are

stationary (with @ (w, a, €) =0 for any (w, a, €)) and an equilibrium exists.

Case2:b < W

It can be easily shown that no worker applies to a wage below b. Thenw € [b, W].
Then, the constraint set in the unmatched worker problem is compact. Given that the
unmatched worker value function is continuous, the constrained problem has a solution.
By step 2, I know that the solution is part of an equilibrium.

Depending on parameter values, two different types of equilibria can emerge. One with
only unmatched workers. The other with both matched and unmatched workers. In the
one with unmatched workers only, Q=@. The equilibrium will have the same features as
case 1 above.

In cases where unmatched workers decide to search for a job, one can show that Q=0.
cannot be an equilibrium. Since W (w, a,0) > U(z, a,0), as long as there are agents
without business projects, workers will apply to vacancies offering a wage greater than b.
I need to check whether a firm has incentives to deviate and post wages greater than b.
The deviating firm gets an infinite amount of applicants, which implies that it gets
matched to a worker with probability 1. If the deviating firm posts a wage smaller than
f(k*) —rk™ — (r + §)c, it makes a strictly positive profit and the deviation if profitable.

Given the properties of the self-employed and the firm's production functions, the
properties of the productivity and business project shocks, and that in equilibrium

p(1+ 1) <1 given that the matched and unmatched workers value functions are super-
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martingales, the distributions @Y (a, e) and @ (w, a, e) are stationary and an equilibrium

exists.

Liii. Fear of Failure

To understand the fear of failure effect more clearly, suppose there are states in which an
unmatched worker finds it optimal to search for a job. Define the set of all such states as
A. This implies that, for (a;, e;) € A, the value of being working for a corporation next
period must be higher than the expected value of being self-employed next period, since
searching workers must commit to accepting a job if offered. That is,

WwY(ag e, ar41,0) > E[U(ars1,er41)], since otherwise the unmatched worker
would not look for a job at a firm. Now, if for these states the unmatched worker chooses
to search while self-employed over searching while unemployed and if

x(q[wY(as e)]) < 1, it must be the case that

SS(ag, e) = max ent{u(ct' D+ A = x[q°W)DEL[U(ats1,€r41)]

cekeWer1

+ Bxlg* W)W (W, a1, 0)]}
<u(cV(ape), 1) + BIW WY (as e, afsq(as, e0), 0)] = S5¢ (ay, e;)
where af,q(ag, ) = g(k(as e), e)) + (1 +1)[a, — cV(ae, e)] — kY (a,, ey).
S5¢(ay, e;) is the value of being a self-employed worker this period, with a guaranteed
job at a firm that starts next period and pays a wage w"(a,e), and with assets next period

equal to %, (ay, e,). ¥ Similarly, if for (a,, e;) € A the unmatched worker chooses to

¥ §5¢(ay, e,) is introduced to capture the cost of not getting the targeted job with probability one,

abstracting from other implications for optimal behavior of having a frictionless labor market. This is why
wU (), cY(-) and kY () are used in the definition of S°¢(a,, e,). If one removes labor market frictions and
allows workers to maximize over all choice variables, differences between S°(a,, e, )and S5¢(a,, e,)come
not only from changes in the probability of getting a job, but also from changes in the choice variables. In
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search while unemployed over searching while self-employed, N5(a;, e;) < N5(a, e;),
where N5¢ (a,, e,) is the value of being an unemployed worker this period, with a
guaranteed job at a firm that starts next period and pays a wage wY (a,, e;), and initial
assets next period equal to al,,(a., e;). Now, define
UNF(ag, e) = max(NSC (acee), NVVF (a.ey), $5¢ (atet)'SNSNF(atet))

where

NVSNF (ay, e.) =u(c!(as ep),0) + BE[UN (agyq(ar e), ecsr)]

SNNE (ay, e0) =u(c¥(ag e), 1) + BE[UN (afs1(as ep), ers1)]
UNF(a,, e,) is then the value of being unmatched when the fear of failure is not present.
Its definition guarantees that whenever an unmatched worker searches for a job (either in
the current or future periods), he always gets the targeted job with probability one.

The fear of failure then prevent currently matched workers for whom
UNF(a,1)>W (w, a,1))> U(a,1) to enter self-employment. These workers would be
willing to become self-employed if they were guaranteed getting a paid job in the future
with certainty, after just one period of search. They choose to remain matched due to the

existence of search frictions in the labor market.

Liv. Frictionless Economy

In the frictionless economy, unmatched workers can instantly move back to paid
employment, if they decide to do so. To allow for this possibility, I must modify my
model so that workers learn immediately whether they get their target job. In addition, to

ensure that workers get their target job with probability one, I set y = oo, so that

particular, if one removes labor market frictions, workers would only apply to the highest wage offered.
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x[q(w)] = 1. To eliminate all other frictions, I further assume that workers can
coordinate which vacancies they apply for and that firms can also coordinate on which
ones will post vacancies. Under these assumptions, workers only apply to jobs paying the
highest wage in equilibrium, and g(w™%*) = 1 and q(w) = 0 if w < w™**. This
implies that y [q(w™*)] = 1 and [q(w)] = 0 if w < w™?*, Finally, given that posting
a vacancy is costly and that workers only apply to w™?*, the set of all wages posted is
Qt = {wme},

In this new setting the value function of an unmatched worker becomes

U(ay e) = max(N(atet)'S(atet))

where

N(as e) = mcax{u(ct, 0) + BE; [max(U(atﬂ; rs1), W(asyq, 0))]}

subject to

aryr = (1 +7)[ar — ¢
a1 20

And
S(as, er) = rcrtl’e,lc?{u(ct, 1) + BE; [max(U(aHl, err1), W(ars1, 0))]}
subject to
ary1 = gk e) — (r+ ke + (1 +1)a; — ¢l
ke < Aa,

ar+1 20

The value functions of a matched workers can now be written as
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W(a e) = YTIC?X{U(C,:’ 1) + BE; [max(W(at+1l 1), U(Aps1, et+1))]}

subject to
a1 = (1L +1)lag +wm* —¢]

ar+1 20

II. Appendices to Chapter 2.

I1.1. Variables Definitions

WEALTH: The measure of wealth used includes the value of businesses owned, deposits
in checking and saving accounts, the value of stocks, mutual funds, or investment trusts
(including stocks in IRA's), value on wheels (cars, trucks, etc.), real estate and home
equity.

LABOR INCOME: The measure of labor income used includes the worker's wage
income, bonuses, overtime and commissions, the income from professional practice or
trade as well as the labor part of farm income, business income, market gardening income
and roomers and boarders income.

AVERAGE LABOR INCOME: Average of the labor income in the 5 years previous to
the interview date. If data for the worker's labor income is not available for any of the
previous 5 years, the average is calculated using data on the years for which labor income
is available.

AVERAGE LABOR INCOME IN S.E (Self-Employment): Similar to average labor
income, but only averaging the labor income in those years when the worker is self-

employed.
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AVERAGE LABOR INCOME IN P.E (Paid-Employment): Similar to average labor
income, but only averaging the labor income in those years when the worker is in paid-
employment.

HOURLY INCOME: I measure this as hourly labor earnings. The PSID asks different
questions to salaried workers, workers paid by the hour and workers paid in other forms.
All questions ask how much would the worker earn for an extra hour of regular work
time.

EVER SELF-EMPLOYED: Dummy variable capturing whether the worker was ever
self-employed in the 5 years previous to the interview date.

UNEMPLOYED BETWEEN INTERVIEWS: Dummy variable capturing whether the
worker was ever unemployed in the year previous to the interview date.

UNEMPLOYED IN THE 3 YEARS BEFORE LAST: Dummy variable capturing
whether the workers was ever unemployed in the 3 years previous to a year before the
interview date.

WEEKS UNEMPLOYED: Number of weeks unemployed in the year prior to the

interview date.

I1.11. Tables
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TABLE Al: Self-Employment Rates for Different Groups of Workers.

Proportion Self-

GROUP Employed
Married (N=6,573) 14.47 (0.58)
Not Married (N=1,528 ) 9.56 (0.96)
White (N=5,059) 14.31 (0.42)
Black (N=2,040) 4.22 (0.74)
High School Drop-out (N= 1,247 ) 11.85 (0.65)
High School Grad (N=2,497) 10.06 (0.75)
College Drop-out (N=1,704) 14.65 (1.06)
College Grad (N=1,706) 16.41 (1.01)
21-25 (N=633) 7.42 (1.43)
26-30 (N=1,210) 9.20 (0.62)
31-35 (N=1,548) 10.02 (0.92)
36-40 (N=1,421) 13.52 (1.11)
41-45 (N=1,065) 14.60 (1.28)
46-50 (N=660) 18.14 (1.73)
51-55 (N=419) 19.41 (2.32)
56-60 (N=339) 19.83 (2.47)

NOTE: This table shows the proportion of workers that are self-
employed, conditional on having a particular characteristic. Standard

errors are reported in parenthesis.
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TABLE A2: Descriptive Statistics.

Working for p-value of
VARIABLES Others Self-Employed | difference

(N=6,456) (N=864)
Age 38.30 41.63 <.01
Dummy: Married 0.76 0.83 <.01
Dummy: White 0.88 0.95 <.01
Dummy: Black 0.10 0.03 <.01
Hours Worked per Week 44.72 47.31 <.01
Dummy: Education
High School Drop-Out 0.14 0.13 44
High School Grad 0.33 0.24 <.01
College Drop-Out 0.23 0.26 22
College Grad 0.30 0.37 <.01
Hourly Income
Mean 19.11 36.28 <.01
10" Percentile 7.80 7.6 <.01
50" Percentile 16.19 21.6 <.01
90" Percentile 31.15 74.42 <.01
Wealth
Mean 104,941.5 485,037.2 <.01
10™ Percentile 800 13,000 <.01
50" Percentile 54,500 204,000 <.01
90™ Percentile 289,200 1,001,500 <.01

NOTE: All dollar figures are expressed in 1994 dollars.
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TABLE A3: Probability of Leaving Self-Employment By Next Year

All Self- Newly Self-

Employed Employed
Year 1994 -3.173 -0.8387
Business Owner -24.994%** -23.574%*
Married -12.264%* -8.835
Black 8.622 14.893
High School Grad -7.450 -25.615%*
College Drop-Out 3.559 12.280
College Grad 1.047 -6.215
Hours Week -0.284 -0.090
Labor Income/10,000 -0.067* 0.495
Age 26-30 -23.805%* -28.333
Age 31-35 -24.980 -23.625
Age 36-40 -19.447 -13.372
Age 41-45 -26.426%* -27.787
Age 46-50 -22.347%* -40.264
Age 51-55 -28.961** -34.418
Age 56-60 -13.222 0.8622
Duration in S.E. -1.506* -
Wealth /100,000 0.167 -0.374
Observations 810 237
Pseudo-R” 0.3063 0.2326

Note: The numbers reported are average marginal effects. Marginal effects are
calculated for each individual, and then averaged across individuals. Duration in self-
employment is included as a fifth order polynomial. Newly self-employed refers to
those workers who have been self-employed for less than a year. * and ** means that
the effects are significant at a 5 and 1% significance.
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TABLE A4: Overlap in Definitions of Stopgap Self-Employment

Proportion of Job

Proportion of

Search Stopgap Ownership
Conditional on being ... who are Business | Stopgap who are | CORRELATION
Ownership Stopgap Job Search
Stopgap
All Self-Employed (S.E.) 39.74 (N=77) 16.25 (N=175) 0.1660** (N=817)
Old S.E. 31.70 (N=32) 12.02 (N=77) 0.1302** (N=576)
Newly Self-Employed 47.61 (N=45) 21.11 (N=98) 0.1599 (N=246)
Newly S.E. — Unemployed 77.32 (N=22) 36.01 (N=35) 0.2992* (N=55)
Newly S.E.- Not Unemployed 32.84 (N=23) 14.22 (N=63) 0.0712* (N=192)
S.E. High School Drop-Out 58.11 (N=14) 24.68 (N=44) 0.2518* (N=116)
S.E. High School Grad 42.99 (N=18) 10.73 (N=51) 0.1487** (N=220)
S.E. College Drop-Out 28.79 (N=15) 11.71 (N=29) 0.1103** (N=207)
S.E. College Grad 35.13 (N=30) 17.58 (N=51) 0.1481** (N=267)
S.E. White 39.52 (N=52) 15.99 (N=126) 0.1635** (N=699)
S.E. Black 48.50 (N=24) 26.86 (N=43) 0.1788** (N=102)
S.E. Married 34.88 (N=52) 14.89 (N=121) 0.1513** (N=692)
S.E. Not Married 52.13 (N=25) 19.26 (N=109) 0.1674** (N=125)
S.E. Age 21-25 60.00 (N=9) 32.43 (N=14) 0.1283  (N=34)
S.E. Age 26-30 49.76 (N=10) 13.66 (N=27) 0.0871 (N=90)
S.E. Age 31-35 18.36 (N=15) 5.83 (N=36) 0.0346  (N=90)
S.E. Age 36-40 44.38 (N=16) 15.59 (N=33) 0.2059** (N=168)
S.E. Age 41-45 41.90 (N=9) 26.00 (N=20) 0.2656** (N=145)
S.E. Age 46-50 36.72 (N=11) 16.98 (N=21) 0.1672** (N=113)
S.E. Age 51-55 36.72 (N=5) 20.67 (N=11) 0.2965** (N=64)
S.E. Age 56-60 100.00 (N=2) 7.45 (N=13) 0.1592* (N=62)

Note: The second and third columns of this table shows the proportion of self-employed
workers that are stopgap self-employed according to the job search and business ownership
definition, conditional on satisfying the characteristics specified on the row and on being
stopgap self-employed according to the stopgap definition specified in the column. The third
column shows correlation between the variables conditional on satisfying the characteristic. The
numbers in brackets are the number of observations used to calculate the proportions. Old self-
employed refers to workers that have been self-employed for over a year. Newly self-employed
are workers that have been self-employed for less than a year. ** denotes statistically significant at

1%, * statistically significant at 5%.
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TABLE AS5: Proportion of Self-Employed Workers Using

Self-Employment as a Stopgap.

PROPORTION OF STOPGAP SELF-

EMPLOYED
Search Bus. Combined
Conditional on being ... Definition Ownership Definition
Definition

Self-Employed ( S.E) (N =871)

6.916 (1.004)

16.909 (1.531)

21.077(1.644)

Old Self-Employed (N = 590)

4.688 (0.979)

12.368 (1.604)

15.571(1.736)

Newly Self-Employed (N=286)

12.704(2.517)

28.656 (3.449)

35.312(3.625)

Newly S.E. - Unemployed(N= 65)

23.413(7.536)

50.306 (8.841)

55.606(8.731)

Newly S.E.- Not Unemployed(N= 220)

10.353(2.548)

23.903 (3.567)

30.857(3.864)

S.E. High School Drop-Out (N=129)

11.492(3.842)

27.058 (4.978)

31.872(5.222)

S.E. High School Grad (N=235)

4.076 (1.279)

16.328 (2.897)

18.65 (2.997)

S.E. College Drop-Out (N=218)

5.334 (1.722)

13.111 (2.801)

16.910(3.056)

S.E. College Grad (N=282)

8.435 (1.856)

16.863 (2.617)

22.335(2.853)

S.E. White (N=743)

6.757 (1.045)

16.507 (1.571)

20.625(1.690)

S.E. Black (N=110)

16.708(5.089)

30.175 (8.687)

38.780(8.875)

S.E. Married (N=723)

6.005 (0.969)

14.066 (1.504)

17.977(1.631)

S.E. Not Married (N=147)

11.275(3.453)

30.512 (4.913)

35.909(5.121)

S.E. Age 21-25 (N=36)

25.451(8.958)

39.051(10.243)

51.83(10.233)

S.E. Age 26-30 (N=193)

8.962 (3.633)

21.952 (5.178)

27.916(5.571)

S.E. Age 31-35 (N=150)

7.471 (2.331)

23.519 (4.353)

29.619(4.533)

S.E. Age 36-40 (N=199)

4442 (1.536)

12.642 (2.866)

15.114(3.023)

S.E. Age 41-45 (N=152)

6.989 (2.708)

11.261 (3.095)

15.322(3.591)

S.E. Age 46-50 (N=121)

6.846 (2.592)

14.809 (3.821)

19.141(4.186)

S.E. Age 51-55 (N=68)

4.561 (2.591)

12.853 (4.512)

14.758(4.747)

S.E. Age 56-60 (N=63)

2.283 (1.637)

17.469 (5.198)

18.450(5.263)

Note: This table shows the proportion of self-employed workers using self-employment as a
stopgap, conditional on having a particular characteristic. Old self-employed refers to
workers that have been self-employed for over a year. Newly self-employed are workers that
have been self-employed for less than a year. Standard errors are reported in parenthesis.
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TABLE A7: Proportions of Self-Employed Workers in Different Occupations.

Search Business Ownership Combined
Definition Definition Definition
Stopgap Others Stopgap Others Stopgap Others
(N=77) | (N=794) | (N=175) | (N=696) | (N=216) | (N=655)

Professional and 0.27 0.22 0.29 0.21 0.29 0.21
Technical Workers
Managers and 0.24 0.41%* 0.15 0.44%* 0.18 0.45%*
Administrators
Sales Workers 0.13 0.08 0.13 0.07 0.13 0.07
Clerical and Kindred 0.02 0.01 0.03 0.01%* 0.03 0.01
Workers
Craftsmen and 0.17 0.17 0..23 0.16 0.21 0.16
Kindred Workers
Operatives, except 0 0.01 0.01 0.01 0.01 0.01
Transport
Transport Equipment 0.06 0.02 0.03 0.02 0.03 0.02
Operatives
Laborers, except 0.11 0.04** 0.09 0.04** 0.10 0.03*
Farm
Service Workers 0.00 0.02 0.03 0.02 0.02 0.02

Note: ** and * indicate statistically significant differences between stopgap and other self-employed workers at 1%
and 5% significance, respectively.
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TABLE AS8 Proportions of Self-Employed Workers in Different Industries.

Search Business Ownership Combined
Definition Definition Definition
Stopgap Others Stopgap Others Stopgap Others
(N=77) | (N=874) | (N=175) | (N=696) | (N=216) | (N=654)

Agriculture, Forestry, 0.12 0.04** 0.06 0.05 0.08 0.04
and Fisheries
Construction 0.18 0.24* 0.26 0.23 0.24 0.24
Manufacturing 0 0.07* 0.04 0.07* 0.03 0.07*
Transportation/Com 0.07 0.02 0.02 0.03 0.03 0.03
munications/Utilities
Wholesale and Retail 0.20 0.20 0.11 0.21%* 0.13 0.21%*
Trade
Finance, Insurance, 0.09 0.06 0.08 0.06 0.08 0.06
and Real Estate
Business and Repair 0.11 0.13 0.12 0.13 0.12 0.13
Services
Personal Services 0 0.04 0.04 0.03 0.03 0.04
Entertainment and 0.04 0.02 0.03 0.02 0.04 0.02
Recreation Services
Professional and 0.19 0.16 0.22 0.15 0.20 0.15%
Related Services

Note: ** and * indicate statistically significant differences between stopgap and other self-employed workers at 1%
and 5% significance, respectively.

143




124!

"0, 18 JUBDIJTUSIS A[[BINISIRIS 4 0] 18 JUBOYIUSIS A[[BONSTRIS SAJOUID 4 "SIBIA OATJ SNOIAI O} JOAO PIjJR[NO[BD
SI QWOdUI JOge[ 988I0AY ‘TeIouA[od IOPIO PUOISS B SE PAIdUS SI dWOJUI J0qeT Teruouk[od IOpIO-pIIy} € St paonponul SI [I[eom dIoUMm
QuowAordwa-jros degdois ojur suonisuen} 10J 109dx9 Teroukjod I9pIO YYIJ € Sk PAIdu [10q I8 paLo[dwaun SYo0om PUB [I[BIA\ "S[BNPIAIPUL
SS0JOB PAFeIdAR USY) PUB ‘[BNPIAIPUI OB JOJ PAJR[NO[Ed dIe S109JJ0 [RUISIRA 'S}09JJ0 [euldiew oFeldAe d1e poyodal sioquinu oyJ, PDION

9ZT1°0 2061°0 91220 L1TE0 €97€°0 162€°0 TLTTO J-0pnosd
S6€°9 S6£°9 S6£9 S6€9 S6€9 S6€9 S6€9 SUOIIBAIISqO
€20 0S1°0 900 €99°0 3180 90$°0 0900 000001 / UHEBIM
10L°0- S18°0- €060 $T6°0- S€8°0- ¥L0°0- LLTT- pakojdwaun syeam
9180~ L89°0~ wE€LLLT- *€19°1- %S99°[- S8Y°0- #%SSLT "dwo) "[dwoup) paAIISY
TSL'8 €LETI L00'6 wxV€0°8T | %xL18°9C 856°0 #VSY'TT SMITAIS] U3aMIdE pakorduwoup
660°0 S8T°0 %CC8'1 «18T'1 %0601 €Tro 8IS'T 1B 21059 SIBAA ¢ ur pakordwaun
wxS1Y Y #%8L8Y #%L00°6 #%L¥001 #%6LS’6 #%619°S #%S1671 paAo[dwg-J[oS 10A7
*VTT0- 6170 0S¥°0 011°0- 6¥1°0- 9G1°0 Y0t 0- 000°01 / dwodu] J0qeT] ATLIAY
TE€0- 7€€°0 0L 0 #6610 #%8L1°0" 8€T0- €0St'0 000°01 / dwodu] Joqe]
8€9°0- 8150 0TS'1- 101°0- S1H°0- £99°0 8TI'1- peIn d593[[0)
L1T°0" LET'T- «L18°T- v62°0- €0€°0 ¥S0°0- 91T mQ-dox(y 333110
7T 0- 0120~ 1ST°0- vLT0 962°0 L8T°0 €ST0- pe1n [00ydS Y3y
00L°0~ #€€6°0 «CCT 1" 0LT°0" 0200 €550 089°0- Sorlg
%%996' T~ wxL V0T YOt 1- 09€°0 8L€°0 €91°0 0TH'1- paLLBIA
TELO €LLO 0L 0 TTT0- L1T0 vLEO- 2970 v661 18X
QOEMQEOQ QOEMQEOQ Qoﬁﬁﬁﬂoa QOEMQEOQ Qoﬁﬁﬁﬂoa Qoﬁﬁﬁﬂoa
paulquo)) | digysioumQ oIeas paulquo) | digsoumQ oIeas ATAS
Y4dH.LO dvDdOLS TIV

POKO[AWIT-J]9S SUII0d3g JO AN[Iqeqold 6V A 19V.L




Syl

"04S 18 JUBOIIUSIS A[[BONSHEIS 4 ‘O] 18 JUBJIUSIS A[[BO1ISIIL]S SAJOUP ., PIPN[OUI OS[e 2k saruwnp dnoid oFe 1eak
-G 'SIBAK A1} snolaald Ay} JoAO PIJR[NO[RD ST SWOOUI J0qe] 2FRIdAL A ], ‘[elouA[od JOPIO PUODIS B SB PIIAUD SI dWodUl Joqe] ‘Teruioukjod Iopio-piy) & se
paonponur SI yjjeam a1oym ‘quawkordwa-yjos deddois ojur suornjisuer; 10§ 300dxa ‘[eriwou&jod I9pIo YIPIJ B SB PAIOJUS [30q I8 paAo[dwoun Syoam pue [I[ed
"S[ENPIAIPUT SSOIOB POSBIOAR USY) PUB ‘TeNPIAIPUI OB JOJ PIJRINO[ed dIe S10dJJ [RUISIRIN "S}00JJ9 [eulSiewt o3eIoAe d1e polrodal sioquinu oy ], WPI0N

TLLTO 60620 0€1€0 SS8T°0 LY6€°0 $S8T°0 SS8T°0 ~J-0pnosd
095 095°C 095 095°C 095°C 095°C 095°C SUONBAIISqQ
881°0 €20°0 L9Y°0 956°0~ LLY'O- 6680~ 6680~ 000°00T / UMBIM
¥9€°0- 9t°0- 1660 #%8SY°0- #x8LL 0 0111~ 0111~ pakordwaun) syeam
98¢°0- LETO" *9LE 0" L9LO- €S0 €0°¢- L9L 0" ‘Tdwoun) Awung ey [dwsunLuno)
1o €50°0- LYT 0~ +887°0- «187°0" %001°0 +887°0" sy "[dwoun Auno)
YTy - 06€°0- %870 T~ «0p8 1~ €990 %% 198°€- %078 1" "dwo) Tdwoun paAreday
0S8'L 961°¢ +V8T'ST #x1€09T | %x0L6°€T «1SS'H %1€0°9T1 SMITAIS] USaMIdE pakorduwoup
%006°0 «01L°0 %88¢€°1 %891 TLS 0 «Ch0'1 %891 1B 21059 SIBAA ¢ ur pakordwaun)

w797 L #%9€L°0 #%1S9°€ #%xST6'L wsxLVT L ##x6€T €1 #%ST6'L paAordug-J[oS 10ag
+€0T°0" *€91°0 1€1°0- $70°0- 62S 0 0LY"0 $20°0- 000°01 / dwodu] J0qeT] ATeIAY
vL10- 0ST0- LOE0 ¥ST1°0 %091°0 0L0°0 80L0°0 000°0T / dwodu] Joqe]
LYT 0 r10 €9v°0- S9%°0- ov1°C- 720°¢- 0111~ peIn d393[[0)
6T 1- SIY0- *PSL 0 6891~ SI10°'I- *9EY'€ S9v°0- mQ-doi(g 339[[0D
00 €070 01’1~ 8200 0L1°0 9971~ 689°1- pe1n [00ydS Y3y
#%C€0°0 %% 126°1- %% 190 S9L°0- 6€S°0 €61°¢ 820°0 Jorlg
%%9€T 0" #%80€ T~ ¥S0°1- 011°1- v170- S61°0 S9L°0- paLLBIA
Qoﬁﬁﬁﬂoa Qoﬁﬁﬁﬂoa QOEMQEOQ QOEMQEOQ Qoﬁﬁﬁﬂoa Qoﬁﬁﬁﬂoa
UOEEEOU QEm.ﬁoﬁ\SO ﬂohmom UQQBEOU QEm.ﬁoﬁ\SO &oamom mdﬁm
YdHLO dvDdOLS TIV

"PAAO[AW-J[S SUIU0d3g JO AIIqeqOIJ oY} UO SIjey JudAo[dwau) [8307] JO 3T 01V 4 1dV.L



4!

‘[erwou&]od JopIO-pIIy} B SE pOoNponul ST [)[eam 21aym Juawiodwo
-J[9s de3dois ojur suonisuer} 10J 309dxd ‘[erwouA[od IOpIO YPIJ B SB PAINUD (Joq oIk pIAkojdwoun SYoom puB [I[BIA\ S[ENPIAIPUI
SSOIOB PASRIdAR UJY) PUE ‘[ENPIAIPUL (OB IO PIIL[NO[BD I8 S}09JJ0 [RUISIRIA "S}09JJ0 [eurdiewl ageidAr a1e payodar sioquunu oy [, 29I10N

81¢€0 89C°0 8SC0 8Y1°0- evio- 8S0°0- 9050 %S 189U
¥€C0 CLT0 SO01°0 €se0- €670 L90°0- ¢0T0 o[uInNQ YIBIA oS
781°0 €Cc1o 6£0°0 £0C°0 SIe0 8¢€T0 0600 o[nuINQ YIBIA oV
6S1°0 9010 9700 £€8¢°0 889°0 0LE0 9%0°0 a[nuInQ YIedIM i€
£€CCo 0ST0 £€e0'0 89¢°1 S19°1 168°0 6¢£0°0 a[nuInd YIeIA puC
(443 ¥0C°0 £e0’0 12374 eeL’l 8Y0°1 2900 a[yuInd YHEIM 1
£€CcTo 0ST0 9700 £99°0 ¢0T0 9050 6900 SIIOM [TV
uonmuIye(q | uonuya( uonruyaq uonwuyo(q | uwonmuyag | uonmieq
poulquo)) | diysioumQ [oIeas pourquo) | diysioumQ oIBaS JT14S
YdHLO dVDdOLS TIV

POKO[AW-J]OS SUIIOdE JO AN[IqeqOId U UO UIEI A JO IO [CUISIBN (11V A 1dV.L




Lyl

"0/4,G 18 JUBdIJTUSIS
A[[BonSneIs 4 ‘041 e JUBOIIUSIS A[[EONSIIR)S SOJOUDP 44 "POPNIOUL OS[e dre soruwnp dnoid o8 IBoA- SIBAA AT} snortaald 9y} JOAO Paje[noed
ST QWIOdUI JOQB] 93BIOAR U] ‘[RIOUA[Od JOPIO PUOIAS B SB PAIOJUI ST JWOIUI JogeT [eruouA[od IOpIo-piry) & S8 paonponul S [a[eom d1oUym
quowAordwa-jros degdois ojur suonisuen} 10J 109dx9 ‘Teroukjod I9pIO YYI € Sk PAIdu [10q I8 paLo[dwaun SYo0om PUB [I[BIAN “S[BNPIAIPUL
SS0JIOB PAFeIOAR USY) PUB ‘[BNPIAIPUI OB JOJ PAJR[NO[Ed dIe S109JJ0 [RUISIRA 'S}09JJ0 [euldiew oFeldAe d1e poyodal sioquinu oyJ, PDI0N

£80C°0 CL6T0 1§CT0 £80C°0 LLTE0 66C¢0 96€£C°0 ;d-0pnasd
S6€°9 S6£°9 S6€°9 S6£°9 S6£°9 S6£9 S6£°9 SUONBAISISqQO
IST0 L80°0 6500 er1o 9600 0SC0 #00°0- 000°001 / paAordwy yireapy
0L6°S SLT'S 98’V LSL'T 9¢0°1 9¢S'C SOELI 000°001 / poAo[dwdun) yireap\
91L0- 0¢80- 0S6°0- LT60- 8¢8°0- L69°0- Sog’1- pakordwaun) syeam
998°0- 18L°0- «VelC ITL1- *8GL'1- S8 0- xx0S8°C" "dwo) Tdwoun paAreday
8CY'L 9¢T 01 78881 *xC06°8C #x[C8'LT ¢80 x81S°CC SMITAISI] U3aMIdE pakorduwoup
9600 L9T0 *EOL'1 Iev'l «VCC 1 9110 o6v'1 1Se7] 10§90 SIBAA ¢ Ul pakojdwoun)
xxLLYV'V xx0S6'Y #x011°6 #x16€°01 xxLV6°6 x%x96S°G xxC0'S1 pakojdwg-J[os 10Ag
o L80°0- SSe0- 8¢0°0- 180°0- ¢ST0 v 0- 000°0T / dWOdU] J0qeT AFLIAY
€00 €00 770°0 911°0- L80°0- 9¢C0- =V 0 000°01 / dwodu] Joqe]
6¥9°0- ¥¥S0- corl- 0€g0- 029°0- 1290 8II1'1- pe1n d59[[0)
v6l'1- SLT'T xLC8 1~ 7S5€°0- 7S€0- 890°0- LETC mQ-doi(g 339[[0D
6LC0- 88T 0- 454\ 6¥C0 68C°0 CLT0 1LTO0- pe1n [00ydS Y3y
00L°0- *1€6°0" *€€C - 0€C0- 8ST10°0 geco 8L9°0- Foerd
xx1€0°C xxCe'C eLY'1- xxLCE0 *19¢€°0 910 oyS'1- PoLLIBIA
88L0 ge80 16L°0 S61°0- 661°0- 19€°0- 2950 7661 183X
uonweq | uwonmuyaqg uonIuyaq uonmuyo(q | uwonmuyag | uonmieq
pourquo)) | diysioumQ [oIeas pourquo) | diysioumQ oIBdS JTAS
YdHLO dVDdOLS TIV

JUSWAO[dWAU ) 90USIISAXH JOU PI(] PUB dJUIIAXY OYA SIONIOAN

10§ PIKOTAWH-J[3S SUILOIIE JO AIqEqOI] 9U) UO HEIM JO 1ORH C1V A 1aV.L




871

"0/,G 18 JUBOIJTUSIS A[[EON)SIIEIS 4 ‘0 [ T8 JUROIUSIS A[[BONISTIBIS 4 ‘POPNJOUL OS[E o1k sarwwunp dnoid oFe 1eok-g 2JON

968°S 968°S 968°S 968°S 968°S 968°S SuONeAI0sqQ
§-90L'1 v-9%9°C ¥-9L8°C (000001 / Preapm)
020°0- €0°0- 9€0°0- ,(000°001 / YIEIM)
68L°0 80+0'1 0LS'T 600°0 L00"0 150°0- (000001 / Yiea M)
9t 6- 1€C11- L89°1C- LEO0- 870°0- 2100 A000°001 / YieaM)
§96'1€ 8L8L € 896°0L €S1°0 8I1°0 €0 000001 / YHEIM
L-965°6 L-9€T'8 9-901'1- L9~ L-€5°¢- L-9T'1- ((pakoduaun) syoM)
6-969°/- 6-9€9°¢- -901'C §-9€T'¢ S-€€T'¢ STl (pakojduwdup) syooM )
¥-9L9°G Yoy €G- 810°0- 200°0- 200°0- 100°0- [(pakorduwaun syoM)
€90°0 96800 6€5°0 150°0 700 01070 (pakojdurdup) sy )
190'I- €vel- SLY'9- viv0- 8¥€°0- 150°0- pakojduwaup) syeo
821°0- €2L0°0 19T 1- LLTO €01°0 2100 "dwo) ‘Jdwoun) paa1dRy
€709 6£6T°L LST'8T TLE'T vyl €00 SMIIAIU] UdaIMIOg pakorduoun
LTS0 L1780 129°¢ £€69°0 LES0 0¥1°0 Jse] 210Jog S1edA ¢ ul pakojduwoup)
ev9'1- €55 00t ¢- LLT1- LST'T- [44y paAodwig-JIos Joag
€0€H- LISt 91¢L- €€H°0 6€€°0 €71°0 000°01 / SWOOU] J0Qe] AFLIOAY
691°0- SE1°0- v6£°0- 050°0 6£0°0 S10°0 A000°01 / dwoou] J0qe)
955°C 69LT°C oSty S0€'1- 110°1- 65€°0- 000°01 / dwoou] J0qe]
680°0 £668°0 €€ 1,01 918°0 T5T0 pe1n 939110
SY0'C- 129°1- SL8¢- L1t'0- 1€€°0- 601°0- mQ-doi( 939[]0)
86L°0- 20t'°0- 8€0'1- L80°0- TLO0- LE00- PeID [00YdS YSIH
€0TC 9LTC 956°¢ 0LS°0 0 121°0 Joeld
009°¢- 609°¢- 1LL'S or'1- 611'1- §9¢°0- poLLIBJA
908°0 8890'1 SYS'l 8¥S°0 0 LET'O Y661 189X
GOSMQEDQ GOSMQEDQ GOSMQEDQ QOE@GG@Q QOE@GG@Q QOE@GG@Q
paurquioy) QEmu@G?O JaIeas paurquo) QEm.ﬁoﬁ\SO JaIeas
YAHLO dvDdOLS

qoeolddy J[qeLIEA [BIUSWINISU] - PIAO[dWH-J[9S SUIU0d3g JO AN[IqeqOId €1V A 1dV.L




oVl

‘0401 ¥e JueoyIugIs
A[reonsness 4 ‘046 e JueolIuSis A[[eonsnels 4, ‘0, 1 Jueoyrusis Aq[eon
-STJBIS SOJOUAD 4y POPNIOUI OS[E 018 sorwwunp dnoi oSe 1eok-¢ TION

¥6<C0 A
T68°S SuoneAIdsqO
s [-9ST'1 [(uoneraiddy onjeA 9snoH [eUOISoY)
«01-96T - (uonerooiddy onjeA 9snoH [eUOISaY)
L-969°L uoneroarddy anjeA osnoy [euoIsoy
82611~ [(pakorduoun) sy2M)
L9509 ,(pakorduwdup) syoo)
SR9I'¢ [(pakorduwoun) syooM)
¢00°0- (pakojdwoun) syoM)
L¥0°0 pakordwaun syoam
*%C00°0" “dwo) ‘[dwaun) paAIoay
€CTo- SMITAINU] UdIM]dg paiojdurdun
S10°0- 1se7] 210Jog SIBAA ¢ Ul pakojdwoun
#xxxCLT°0 paokojdwig-J1os Joag
#%x00C°0 000°0T / Wwoou] 10qe 95eIOAY
#3000 [(000°01 / dwoouy J10qeT)
€00°0- 000°01 / Wodu] J0qe|
xxxLL1°0 pelD) 939[10)
€900 mnQ-doi( 983110)
8¢0°0 pein j0oyos Y3
*xxVLC 0" yoerg
*%x¢90°0 poLLR]N
850°0 661 T8 X
HLTVIM

.Qoﬁmmo.ﬁdom d5L1S ISI] — QONOHQQ< SlqelIE A TeluatunIsuy :(uod) €1V 4194V L



0ST

"o1sLIdloRIRYD Je[noned e SulAey UO [BUON)IPUOD JXoU A} 0}

IedA duo woy JudwAo[dwo-J[9s Suraed] s1aom pako[dwd-J[as Jo uontodord ay) smoys a1qes Sy L :HLON

(291=N) Z€'81 (Z81=N) 05°0T (S€Z=N) €£5°0¢ YO ur dug-J1os MoN
(€6v=N) 076 (PIS=N) 1911 (65S=N) 8T1°€T I_yO ur dwg-§19S pio
(8T1=N) €1°09 (86=N) €L'L9 (SP=N) €0°LS de3doys ur dwrg-J[oS maN
(86=N) 78’19 (LL=N) 8¢'€v (2€=N) 9¥°€9 de3dojg ur dwrg-319S p1O
(SS9=N) 0T'T1 (969=N) 95°¢€1 (P6L=N) LS'LI S1YIO
(912=N) Tt'SS (SLT=N) €L'vS (LL=N) 17°09 desdois
uontutyog

uontutyog drgszoumQ uonuyeg SHATAVIIVA
pauIquio)) ssauisng oIeas qof

Ted X IXON Ag TUSWAO[dWH-J[S

SUTABIT SISYIOA\ PAAO[dWH-J[3S JO uoniodoid ‘4 1V A 1dV.L




IS1

041 PUEB G B JUBOYTIUSIS 918 S}O001J9 O} I8} SUBOW 4, PUE , ‘[RIUOUA]Od IOPIO Y B SB popnjoul SI juowkorduns-Jjos
ur uoneIn(J ‘S[eNPIAIPUI SSOIOB PASEIOAR U} PUB ‘[BNPIAIPUL OB 10 PIJR[NO[ED oI S}OJJJO [BUISIRIA "S)O9J)9 [eurdiew d3eldAe o1e pajodal sioquunu oy J, 90N

Iv€T0 LEETO 6191°0 879t°0 S5 240) LT9€°0 Y61€°0 ceIeo ¥SST0 A4-0pnasd
LET LET LET €LS €LS €LS 018 018 018 suoneAlasqQO
620 Iv¢0- 9650~ ¥0€°0 670 6CC0 S020 8L1°0 C¢I1o 000°001/s19Y30 YIEIM
LLE'T SLT ¢ €919 LTT1- S8y C- 0TCT'1- LLS 0 8Y9°'1- 08TV 000°001/de3dog yieapm
- - - #xx €911 #xx €S0 xxCVC | #x1C€°0 V10 %x080°0- 'd°S uruonern(g
6’1 €0¢°¢ IS1°9- x£68°ST- * VSV *9LS' ST 6C0°CI- 90¢'11- Sov'Cl- 09-96 93V
1LY 6T «3Y1°9C *LC0" 1~ #%x£E€L°6C" *LCC 6L «YV9°' LT %V LS 6T «SLE8C *CIL0¢g- GS-16 98y
ces’LT €LT 6T *S1 11 V6T LT %081°6¢C- «€8L°SC c68’1C «C8S1¢C *66L €T 0S-9t 9By
€86°'1¢C 881°CC 806°0¢- #xPPS€E | #x0STTE- *EI1L°TE x095°SC- xC08°ST- «SLY LT Sp-1 93V
$99°01- 996'11- SYTe6l- x091'8C- xSC6'ST x619°LT- 08S°61- [61°61- *SLS 1T 0t-9¢ 9V
Y16'81- $€6'0C L9€°9C- *E6V' 1€ *€11°6C x10S° LT *89S' V- « LSV *VE€CST Se-1¢ 93y
606°1¢C 1L0VC 06L°9C «08€°€C- *981°CC- S00'vC- *LC0°€C- «C1S €T %0S9°€C- 0£-97 9By
S0T0 S1L9°0 9LS0 150°0- [1T°0- 680°0- 290°0- 910°0- 600°0 000°01/owodu] Joqe]
¥01°0- 1L0°0- L9T 0 *SPE 0" x¥767° 0~ #%C€9°0" Seeo- *L6T 0" #x [ 1S°0" JooM SIMOH
16°8- L8S'S- 0L0°€T- £€eee ELT'S L9G°G- I8Y'1- LLO'T SLI'V- pe1n 239[[0)
16811 Yo' €1 I6L°1 ¢SS1- 96S°'C G89°C- 819°C (43 % ¥86°¢- mQ-dox(g 333110
*6¥0' V- «C8L €T *661°8¢C- 6v1°S 8YL'S LYYl 60T L- 798°9- €eo0'11- peIn [00ydS Y3y
1€0v1 *0ET Y1 [ 3] LT9°¢ 1L0°E Cl6’L L99°8 11€°8 *160°11 Joelg
6588~ ges'8- L10°6- #xSYS LT | #x00L791- *£€C 81 01C'CI- 889°'11- 010°¢I- PILLIBIN
%818 1C %% C0'8C AL A% %7859 #x%1L8°0S *%C006 1Y #x%689°0€ #x659°€¢ «C8YV' 11 de3dog
S06°0- CLT T 976'S 81 S9Y°0- L80'C YLE € 144954 7991 Y661 Ted X
QOEMQEOQ QOEMQEOQ QOEMQEOQ EOSMEGOQ QOEMQEOQ EOSMEGOQ QOEMQEOQ QOEMQEDQ QOEMQEQQ
paurquo) | diysioumQ I pRiRIN pauiquo) | diysioumQ [oIeas paurquo) | diysoumQ IpRiIN
AIAOTING-ATAS MAN AdAOTdNA-4TdS ATO AdAOTdNA-ATAS TIV

Te3X 1XON Adl JUSWAO[AWIJ[3S SUIABS'] JO ANIqeqoid 'S1V A 1aV.L




4!

"[9AS] 90USPIFUOD
2,1 PUe G © Je JUBOTUSIS oIe S}09JJO ) 1By} SUBSW ., PUE , ‘[erOUA[od JOPIO YIJIJ B Sk PapNJoul s JuswAo[dwo-J[os ur uoneIn(y ‘S[enpIAIpur
SS0Joe PageIoAe UOY) pue ‘[BNPIAIPUI YOBD JOJ POIB[NO[ed OIe S)OJJO [BUISIBIA 'S)09JJ0 [euldiewr oferdae are payodal sioquinu Y], 9ION

9L 0 1€9C°0 6€LC0 0Lv1°0 6LCC0 LOTY 0 o A-Opnasd
v89 €59 8¢L 961 LS 0L 018 SuoneAIasqQo
L0T0 Sero evLl 0 100°C- CLLT- €ee0’0 600°0 000°00 /4B M
0cI'I- xx56€° [~ 8560~ 88¢'S 9I¢'S SSIvC xx05C°0" 'S uruoneing
8YL9- 8y OSv'11- ¢s061- 658vC- 16L°CC 61 0- 09-95 93V
986°0C- x099°¢€C- *SCL'9C #x%0CL°0S™ | %xC60°9S- | %x98S°CI *x£CS5 0" -1 98y
S96°S1- 6CISI- €ELL 0T *L8V'LE" #x 8LV | xx06L Ly~ *85¢€°0" 0S-9% 23V
*CC9°6C x861°8¢C" 080°S¢- 100°L- S8l'6l1- 8LLLE xxSY 0" Sl 98V
L9V L1- 9¢e91- 8LT 0T cl9ve e s xxV9¢°9C *9LE0" 0F-9€ 93V
x0¥9°9¢C x*LVYSVC *LOL' ST $80°¢CC S188C 60S°6¢- x89¢°0- SE-1€ 93y
8I8LI- 9LE L1~ SvCol- LTL'8C- *86C 9¢- #x[8G°€1- x*C0v'0- 0£-9T 23V
weo 0¥¥°0 §20°0- yS1°0- Se0'C 656'¢1- 8100 000°01/owodu] Ioqe]
xxL16°0" xx6¥5 0" xxL65°0" ¥8C0- 180°0 x%x60601 xx 11070~ P9 SIMOH
98¢°6- 6c¢ 1~ 1981~ 8SY'l v6¢£'9 126°0- 18€°0 peID 939]]0D
vLET €061 901°0 §86°0- €0v'CC Svo'l- 0L£0 mQ-dox 339710D
09L°1 798’1 6v6'L- ecsel- 89 v1- s8yl- 6L0- PeID 00y YSIH
9689 vsTe eSl'e 08¢°L xV16°¢l *x8V6°L1- *L€E0 o1
*8€€ 81~ x*LL69]" xxSYL0C 9¢L'8- 191°Cl1- 16L°CC 6£0- PILLIEN
699°¢ L10°S €c6's 6698~ OvI11- 986°CI 08¢0 Y661 189X
uoniuyeg | uonmuye | uonmuyeg | uonmuyge | uonmuyed | uonmugeq
pourquo)) | diysioumQ [oIeas pourquio) | diysioumQ oIBaS JT14S
AHHIO dVDdOLS TIV

JUSWAO[AWH-J[OS JO 9dA ], UO [BUONIPUO)) 18I X IXON Ag JUSWAO[AWH-J[9S SUIABIT JO AN[IqeqOId 91V A 19dV.L




39|

"[9AS] 9OUSPIIUOD 9| PUE G B J& JUBDJIUSIS oI SJO91JO Y} JeY) SUBW 4, PUE , ‘Teriouk[od JopIo YY1 € se papnjoul sI judwko[dwo-J[os ur uonen
"S[ENPIAIPUL SSOIOE POFEIOAER USY) pPue ‘[eNpIAIPUI YOS I0J PAje[No[ed dIe SO0 [euIdIely 's}ooye Jeurdiewr ageioae oie payodar sioquunu oy, 9ION

6SLE0 1€LT0 €L8E0 §799°0 01990 8€L9°0 €ELLTO 8SST0 CILTO0 (d-opnasd
018 018 018 018 018 018 018 018 018 suoneAlssqO
81070~ S10°0- S00°0- 081°¢- ¥S9°1- 601°0- LLTO 6£C°0 6000 000°001/83WO YIEBIM
0vC0- 1444 xVEV'0- S9L°0 669°0 950°0 0050~ 5% 091°0 000°001/de3dols yieam
160°0- $60°0- 8LI'0- #x805°0- #xELE°0" #xEVL°0- #xE76°0 #xL8Y°0 #*xECL°0 |’ ur uoneing
#xCCO'CI #x09S°C1 #x789°0 vLY'1 voy'C 160°0 969v1- 8y~ Pye0- 09-95 98y
S8S°1 68¢°C ¢ST°0 899°¢ LEY'E LYE0 #*x008°1C | #xCCC 1T xx0CY 0" §S-16 98y
9¢¢1 STl S61°0 YT S 9CCS- 16070~ 0€1'91- #*C9V'91- x61€°0" 0S-9% 23V
14383 (14%3 S1C0 €8T'1 veCTl 6170 *0LT61- xL91°0C 41 St-1v 98V
0l'l- 988°0- ¥80°0- L6l'C 8St'1 €00 *CO8'L1- *ELL'LT- xVCE 0" 07-9€ 23V
L8L0 ¥95°0 34%¢ 961°¢ $80°C 14\ %9600 | #x¥SL°0C- #x£CE0" $e-1€ 98y
v20°C- 101°¢C- 81T°0- 8LS 1 1CCS- ¥01°0- §444% 18C°C1- S1¢°0- 0£-9T 23V
#EVS 0~ x5S0 120°0- #xC89'1- #C8S1- #xL£0°0" 680°0 0Cl°0 S10°0 000°01/owodu] Joqe]
900°0 v10°0 100°0- #xLVC 0" #xV60°0" #x£00°0 901°0 8CI10 900°0- J[P9M SINOH
€0€'C 454 6¢T°0 109t~ 6901~ ver0- 8691 61SY S6£°0 peID 939]10)
990°0- scro 9900 0V’ x5S0°S #*x0V1°0 c€9'¢- €81°C 09¢°0- mQ-dox( 239710D
YSyl- 8EC'I- 260°0- #x00L'9" *xL61°9" #xVC1°0" %3 09C°¢ I7¢€°0 PeID 0079 YSIH
L61'1- wl'1- S60°0- Se]'l 1€€°C $80°0 189°¢ [43%3 08C°0 oerd
€see- 981'¢- 10T°0- 006'C- 88L'C L80°0~ 690'9- 143 9¢¢°0- S[EIN
#xLES°C *xEVEY 0LT°0 Seev- 14 ¥80°0- *% (65 8¢ #x01€°6€ x050°L de3doig
x550°¢ x896°C0 #x9LT"0 YLy Y61'C 1600 091°9- €01°6- 8EC0 7661 TedA
uonmutyod uonmutyaJ uonmutyod uonmied uonmuyaJ uonrutyod uonmted uonmyaJ uonrutyod
paurquo) | diysmoumQ VRN pauiquo) | diysioumQ I pRiIN pauiquo) | digsoumQ I pRiIN
42¥04 404dVvT 40 LNO INHINAOTININN INFINAOTINA

"Ted X IXON Ag 9910, 10qe] 9y} JO IN() 10 poAo[dwiau ) JUSWAO[dUIF O] SUIUONISUBI], JO AIqeqoid L1V 4 19dV.L




ILii1. Figures

FIGURE A1: Distributions Over Self-Employment Duration
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FIGURE A4: Probability of Becoming Stopgap Self-Emploved As a
Function of Wealth - Instrumental Variable Approach
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Note: All other controls included in the probit are evaluated at their mean values.

III. Appendices to Chapter 3.

II1.1. Proof of Proposition 3

One can show that, along the balanced growth path, the value of having a vacant job

and the value of being unemployed can be expressed as

(1—-8)q(0)[y — bl - [R(g) — g + & + BOq(8)]c)
(R(9) —PI(A = p)q(6) + R(g) — g + 6 + 6q(6)]

N q@)[y —b +c]
R(g)—g R —PIA—-F)q6) +R(g) —g+ 6+ p0q(0)]

(43.1) Vo) =

(A3.2) U(6) =

After replacing equations (A3.1) and (A3.2) into equation (3.43), one can then define the
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system of equations formed by equations (3.43) and (3.44) as

(43.3)
HG@.6,q) = @ PLL=PAO) + R(g) —g + 8+ pu®)] + fu(@)ly —b +c] + (R(g) — )k
g AT = P)a@y — b — [R(g) — g + 6 + Bu(B)]c)
neN 560 + u(6
(43.4) G(&,0,9) = F% a dF () _WM(;))

where u(0) = 0q(0) = m(v,u)/u. Given that we assumed that the matching function
m(v, u) is homogeneous of degree 1 in vacancies and unemployment, u'(6) > 0.
Comparative statics can be performed by total differentiation of equations (A3.3) and
(A3.4) with respect to g:

0H(2,0,9)02 0H(@6,9)09 0H(a,6,9)

(43.5) 0@ dg 00 dg ag

0G(&,60,g)oa 0G(a,0,g9)06 N 0G(&,60,9)
da dg a0 dg dg

(A43.6)

In matrix notation, we have

0H(&,0,g9) 0H(&6,9)1[04] [ 0H(&.6,9)
EE: EL: 99| _ dg
(43.7) 06(2,0,9) 0G(2,0,9)||08|™| 06(a6,9)
aa a6 ag ag
dH(a,0,g) O0H(@,0,9)
Define B = |, G(gfe,g) aG(‘;fg,g) . The elements of B are the following:
a a6
dH(&,6,9)
.8 _— =1
(43.8) EE:
dH(&, 0, U'®) vV'(e[u® + (@) - 9K
(43.9) (@,6,9) _ _U®) V(OB +(R() g)]<0
a6 V(6) [V(6)]?
06(2,60,9) —GAWF@ —AWf@ [ adF(@)
(43.10) @.6.9) _ —%79 Ja <0

o F(&)2
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06(,0,9) _ _ 00 +1'(6) _i'(0)[56 +(0)]
0 5+ uld [6 + u(6)]?

(43.11)

Equations (A3.8) through (A3.11) can be used to sign the slopes of the entrepreneurship

and job creation curves:

de 0H(a,6,9) /0H(&,6,9)
(43.12) EE__< 3G 50 )>0

o)  (0G(&6,9) /0G(&, H,g)>
(43.13) zl,, - - (555 =228 <0

Equations (A3.8) through (A3.11)also allow one to sign the determinant of B:

dH(&,0,g)0G(a,0,g) 0G(a,0,9)0H(&,0,9) <0

We can now use Cramer's rule to calculate the effect of growth on entrepreneurship:

0H(a,0,9) 0H(a,0,9)

A~

dé g 26
L -1

(4315) ag = etBIT | 56@0,9) 066,49

dg a0
where

0G(a,0,g) A'(g)

(43.16) 29 ) J adF(a)

a
and
(43.17)
0H(&,6,9) — —(R(g) - )Cb[(l—ﬁ)q(9)+R(g)—g+5+ﬁ#(9)]+/3u(9)[y—b+c]+(R(g)—g)K

dg 9749 A1 - B)q@) [y — bl — [R(g) — g + 6 + fu(®)]c)?

B (R'(g) = Dlb + K]
AU~ Pa®)y — bl — [R(g) — g + 6 + pu(@)]c)

b[(1—p)q(6) + R(g) — g+ 6 + pu(@)] + pu@)y — b +c] + (R(g) — 9)K
[ADIH[A - PRgO) [y — bl = [R(g) — g + 5 + Bu(B)]c}

+A'(9)

Therefore, the equilibrium effect of growth on the reservation ability is given by
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da 9G(@,6,9)0H(@,6,9) 0H(&,6,9) 9G(a,6,9)
A3.18) — = [det(B)]! -
( ) dg [det ()] g 260 dg a0

(_) —_— N ——

) (=) ? =)

where a minus sign below a term implies it is negative and a question mark implies the
term cannot be signed unless further assumptions are imposed.

Similarly, the equilibrium effect of growth on labor market tightness is given by

0H(a,0,9)0G(a,0,9) 0G(a,0,g)0H(a,0,g)

(A43.19) 4 _ [det (B)]™?

dg s aa dg aa dg
=) @ ) @
aG(a,0,9)

When A'(g) = 0, equation (A3.16) implies that = 0 and equation (A3.17)

ag

0H(@,0,9)

implies that < 0ifand only if R'(g) > 1. Given these findings, equations

(A3.18) and (a3.19) imply that when A'(g) = 0, % > 0 and % < 0 ifand only if
R'(g) > 1.
To calculate the equilibrium effect of technological growth on unemployment,

differentiate equation (3.42) to get

du_ 5f(@) da  SF(@W(®)d
(43.20) dg " 3+u@)dg B+u@Fdg

(+) ) () )

Therefore, we find that Z—Z > 0 ifand only if R'(g) > 1.

II1.1i. Proof of Proposition 4

Using the Cramer's rule, we showed in equation (A3.15) that, regardless of the
assumptions made on A’(g) and R'(g), the effect of technological growth on

entrepreneurship is:
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_0H(@0.9) 0H(@6.9)

da _ -1 99 99
E = [det (B)] _9G(a6,9) 9G(@6.9)
ag 20

with det(B)<0. To be able to able to evaluate this effect when R'(g)=1, we need to

evaluate the determinant on the right-hand-side of equation (A3.15). To do that, note that

(43.21) 0H(@.8,9) _ ,410)

a9 A(9)

max

06(a,0,9) A'(g)

(A3.22) 3g “T@

adF(a)

To obtain aH(g{f’g) and aa(z(f’g) first re-express equations (A3.12) through (A3.13) as

da

(43.23) >0

<6H(a o, g)/aH(a o, g))

da
- <0

(A3.24) (aG(a 0, g)/aG(a o, g))

Using equations (A3.8) and (A3.10) we get

oH (&, 0, da
(43.25) (6—99) =— —

06(2,0,9) —RAWQF@ —A@f@ [ adF(a)da

(43.26) = @) al,

According to equation (A3. 15) > 0 if and only if the determinant in equation

(A3.15) is negative. When R'(g) = 1, this condition is satisfied if and only if

" adF@da) _ A(g)—@AW@F(@) - A@Qf@ [T adF(a)da

YO 5@ ael,” Y age F@) 81,

which can be simplified to
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an|, . Q2 _af@
G R er@ F@

if A'(g)>0. Otherwise the inequality sign would be reversed.

Re-expressing in terms of elasticities, we obtain the following expression:

(@, 60)g a2 N af (@)

A~ > max A~
e(a, 9)|]C f; adF(a) F(a)

which is the condition used in the lemma. Note that a reversed inequality signed is

obtained if A'(g)<0.

[I1.1i1. Proof of Proposition 5
In equation (A3.20) we showed that equilibrium effect of technological growth on

unemployment is given by

du  6f(@) da SF(@u'(6)do
dg §+u®)dg [8§+u@))dg
) ) +) )

To be able to evaluate this effect when R'(g)=1, we need to evaluate % when R'(g)=1.

ae . .
To do that, remember that 35 s given by

do JH(&,0,g) 0G(a, o, dG(a,8,g)0H(a, 0,

_ [det (B)] " |- ( : 9)0G(@,6,9) 9G( L 9)0H(&,0,9)
dg ——— aa dg da dg
@ =) )

OG(a 0, g)) >0 (<0)

According to equation (A3.21) and (A3.22) szgn( g)) sign(———=
iff A'(g)>0 (A'(g)<0). Therefore %>0 (<0) iff A'(g)>0 (A'(g)<0).

Now, according to equation (A3.20) for g—: to be positive
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da  SF(@W'(®) db

(4327 35> F@0 + n@idg

Replacing the expressions for % and % into equation (A3.27) and multiplying both

sides by A(g)/A’(g) and re-arranging we get

~

& faa adF(a)da
&+ u(0)

(A3.28) R

A'(9)

( 54 (o) 4 O100+ u(9)]> da

6+ ud) do

JC E

am

_ AW ®) [52 ar@) ax
F@I5+u®)] @2+ (1+Z2) [ adF(@)]

The inequality sign should be reversed if A'(g)<O0.

Defining @ = (1 — F(&)) fg a dF (a), the expression above can be repressed as

& W(O)[60 + u(®)]\ da , & da
4329 5@ <5 O @ >E PO TF@r@ el
_AR® [, ( &f(&)> z
F@I6 + (0] [“ "M re Ja-r@

or in terms of elasticities

a 1 (0)[660 + u(9)]
5+ u(0)

& +u(6)

(43.30) (5 +u'(6) + )S(&,B)ch —A'(9) (@, 0)g

_*
(1 - F(@)F(@)

AQu'O)0 [ of@\ @
Z I @6 + n0)] [“ * (1 "T@ )(1 = F(o?))o?]

Remember that the inequality sign should be reversed if A’(g)<0.

IIL.iv. Proof of Proposition 6

Using the Cramer's rule, we showed in equation (A3.15) that, regardless of the
assumptions made on A’(g) and R'(g), the effect of technological growth on

entrepreneurship is:
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_0H(@0.9) 0H(@6.9)
a

a _ -1 o9 99
PP [det (B)] _9G(a6.9) 96(@h.9)

ag 20

with det(B)<0. To be able to able to evaluate this effect we need to evaluate the

determinant on the right-hand-side of equation (A3.15). To do that, note that

(43.31)
0H(@,6,9) _ A(9) < B (R'(g) — DIaA(g)c + b + K] >
ag A(g) aA(g){[(1—p)q@)[y —b] — [R(g) — g + & + pu(8)]c}
and
26(a,0,9) A
(43.32) 29 ) J adF(a)

Using equations (A3.8) and (A3.10) we get

0H(4,0,9)  da
(A3.33) — -- = )
(A3.34) 0G(4,6,9) _ —aA(g)F (@) — A'(g)f (@) fa a dF(a)ﬁ

00 F(a)? dol;c
According to equation (A3.15), % > 0 if and only if the determinant in equation (A3.15)

is negative. This condition is satisfied if and only if

’ faamax adF(a) d&
A (Q)T%

S aA’(g)< 3 (R'(9) — D[@A(g)c + b + K]) ) i
e Alg) a(A'(@IA = BqO)[y - b] = [R(9) — g + & + Bu(6)]c]

)

([~aA@F@ -2 @ ;" adF (@) da
F(a)? do

which can be simplifies to

da
ao|, a? af (@)
da] = “P<(1 “F@)a F@ )
da|
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. (Ri(@)-DIaA(g)c+b+K]) __ pamer
where ¥ =1 — - Pa@b-b1-th)-grorgaa 4 E = Jo @ dF(@). Areversed

inequality signed is obtained if A’(g)<0.

In terms of elasticities, the expression above becomes

(@, 0)lg w( a’ +af(&)>
(@, 0)|)c (1-F@)a F@

Note that a reversed inequality signed is obtained if A'(g)<O0.
To look at how unemployment reacts, remember that in equation (A3.20) we showed
that equilibrium effect of technological growth on unemployment is given by

du  8f(@) da GSF(@)u'(9)do
dg §+u®)dg [§+u®)]dg
& 0 O

du .. da SF(@)u(0) de . .. da& dae .
Therefore, for — to be positive — > ————————_ Substituting — and — in and
- 10T ag POSIIVE &7 = F@ 6 +u@) ag' =" 839 "y

multiplying both sides by A(g)/A'(g)

A~

f:xmax adF(a) da
— A% @ -
JC Q) do

do

<5+Mw)+wwn&+umm5d&

a
5 +u(0) s+u@ )do .

__AWQH®) [ o f@Y (@™
> f@)[8+u(6)] [a T+ (1 +a¥ F(a)) fa a dF(OC)]

Defining @ = (1 - F (&)) fg a dF (a) and re-expressing in terms of elasticities, one

gets the expression in the proposition. Remember that the inequality sign should be

reversed if A’(g)<0

IIL.v. Proof of Proposition 7

Define Eq (A3.73) and (A3.74) implicitly as
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ul,g)+K

(3.35) H(@6.9)=a= 20 0@ 9

max

A(9) 56 +T(6, 9)u(0)
F@ f @ dF (@) = 5376, 9)u®)

=

a

(3.36) G(&,0,9) =

aT(9 g

where T(6,g) = [1 — exp (—6T")]. Note that Ty(0, g) = > 0and Ty(0,g) =

aT(6.,g)

50 >0.

Comparative statics can be performed by total differentiation of equation (3.35) and

(3.36) with respect to g

oH(a,0,g)0a O0H(&,0,g9) 00 N J0H(&,0,9)
aa dg a0 dg dg

(A3.37)

aG(a,0,g)0a 0G(a,0,g)00 N 9G(&,6,9)

(43:38) &  dg 00 g dg

In matrix notation, we have

aH(a 8,9) 0H(&0,9) Ir_6q| Ir OH(a 0, g)1|
(43.39) 0G(&,0,9) aG(a 0,9) lG_J [ 6G(a 0, g)J
& 0
0H(a,0,9) 0H(@6,9)
Define B = 06(?3'&99) 66(2299 9 . The elements of B are the following:
oa 26
J0H(&, 0,
(43.40) %z
0H(&, 0, u'6 V'@[u®) + (R(g) — gK
(A341) @0.9)___UO)  VOWO+RG-gK_,
a6 A(g)V(6) [V(6)]
06(a,0,9) —GAWQF@) —AWf@ [y adF(@)
(43.42) (@,60,9) _ g Df@) [, <0

da F(&)2
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06(@,0,9) _ 66 +T(0,9)w'(6) + T (6, 9)n0)

(A43.43) 00 o+ T(@,g)ﬂ(@)

166 +T(6, 9)u(6)][To (6, 9)u(6) + T (6, g)u'(6)]

6+ T(8, 9 )u(@)]’ <0

Equations (A3.40) through (A3.43) can be used to sign the slopes of the entrepreneurship

and job creation curves:

do 0H(&,0,g) /0H(&,0,9)
A3.44 —| =-
(43.44) dal, ( 9a 36 ) >0
do|  (9G(&6,9) /0G(&,6,9)
(43.45) zl,, - - (555 L) <0

Equations (A3.40) through (A3.43) also allow one to sign the determinant of B:

dH(&,0,g)0G(a,0,9) 0G(a,0,9)0H(&,0,9) <0

We can now use Cramer's rule to calculate the effect of growth on entrepreneurship:

dH(a,0,9) 0H(a,0,9)

A~

dé& ag 26
= -1
(“4347) dg =19t a6(a,0,9) 06(2.6.9)
dg a0
where
0H(&, 0, au(e,g)/o Uub,g)+K
(43.48) (@06,9) __0U®.9)/9g U .9) :
ag AV(6,9)  [A(9)V(6,9)]
and
(43.49) 06(a,0,9) _  T,0,9u®)  [866 +T(0,g)u(0)]T,(6, g)u(6)
' ag 8+ T(6,9)u(6) [6 +T(0, g)u(0)]?
(1= 0)5T,(8, 9)u(6)
[6 +T(6,9)u®)]?
Note that 96@8.9) > 0if 6 <1 and %;'g) < 0 if 8 >1. Therefore, Z—Z‘ 1s unambiguously

negative if 8 <I. Using equation (3.72) one can use the results obtained so far to show

169



that unemployment increases when 6<1.
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