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Using French administrative data on job-creating entrepreneurs, I estimate a life-cycle model in which
risk-averse individuals can start businesses and return to paid employment. Then, I use the dynamic
model to value the option of returning to the labor market in case of failure. For new entrepreneurs,
this option is worth 6.4x the average net wage in the country, which represented 136,000€ in 2018.

Learning This option value is explained by the unobserved heterogeneity in entrepreneurial abilities and the
JEL: random-walk component of productivity. Estimated unobserved benefits of entrepreneurship represent
L26 38.6% of the average net wage pre-tax per year (some 15% of profits), or 8,250€ in 2018. Unobserved
G3 benefits add up to 90,700€ over the average entrepreneurial spell. Together, unobserved benefits and
D91 the option value of returning to paid employment explain 42% of firm creations.

D92

1. Introduction

What drives individuals to leave paid employment and
strike out on their own? Early studies suggest that fi-
nancial earnings alone cannot explain this decision be-
cause entrepreneurs appear to earn less and bear more risk
than employees (Hamilton, 2000; Moskowitz and Vissing-
Jorgensen, 2002). One possible solution to this puzzle is that
earnings data understate the benefits of entrepreneurship.
Apart from declared earnings, entrepreneurs may enjoy un-
observed benefits, such as nonpecuniary (psychic) benefits,
unreported earnings, and legal tax avoidance. Another possi-
bility is that cross-sectional studies overstate the downsides
of entrepreneurship by overlooking entrepreneurs’ option to
return to paid employment if they fail. This option’s value
may motivate individuals to experiment with entrepreneur-
ship (Manso, 2016).

Though some studies quantify unreported earnings (Pis-
sarides and Weber, 1989; Hurst, Li and Pugsley, 2014), little
is known about the size of nonpecuniary benefits. Likewise,
there is evidence that policies mitigating downside risk fos-
ter entrepreneurship (Hombert, Shoar, Sraer and Thesmar,
2020; Gottlieb, Townsend and Xu, 2021), but there are
no estimates of the value of the option to return to paid
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employment. In addition, the extent to which this option and
unobserved benefits explain the creation of entrepreneurial
firms and the entrepreneur-employee earnings differential
remains unexamined.

To explore these questions, I estimate a structural life-
cycle model in which risk-averse individuals can become
entrepreneurs who retain the ability to later return to paid
employment. While they are entrepreneurs, individuals learn
about the productivity of their firm and enjoy unobserved
benefits, which in the model capture nonpecuniary benefits
and unreported earnings. I estimate the model using detailed
French administrative data which allow me to follow transi-
tions in and out of entrepreneurship, match entrepreneurs’
employment records with their firm’s accounting data, and
compare their earnings to a benchmark group of paid em-
ployees.

My main findings are as follows. First, estimated yearly
unobserved benefits represent 38.6% of the average net
salary in France, or 8,250€ in 2018 and less than 15% of
profits. Over the average entrepreneurial spell, unobserved
benefits add up to 90,700€ . Second, despite their seem-
ingly modest valuation, unobserved benefits are critical to
entrepreneurship: without them, firm creations would drop
by 12% and exit rates would increase such that, overall, there
would be 27% fewer entrepreneurial firms. Third, the option
to return to paid employment is worth 136,700€ to new
entrepreneurs, which is close to the cumulated difference
between their earnings and the salaries of a benchmark group
over the first ten years (149,400€). The option value explains
16% of firm creations on its own and 42% of firm creations
when combined with unobserved benefits. Finally, the main
driver of the option value is the random-walk component
of productivity, not entrepreneurs’ need to learn about their
abilities as suggested by the existing literature.

In the paper, monetary variables are normalized by the average net
salary in France. In early versions of the drafts, all estimates were converted
into euros using the average net salary over the 1994-2013 sample period.
In this version, the conversion is based on the average net salary of 21,360€
in 2018.
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In the model, individuals work until retirement and ex-
perience persistent and transitory labor income shocks. The
main innovation is that they can also leave paid employment
when they have an entrepreneurial idea. In that case, they
invest in a firm with Cobb-Douglas technology and decreas-
ing returns to scale. Ideas arrive randomly, and their quality
determines the initial productivity of capital. As in Lucas
(1978), heterogeneity in the quality of ideas drives the dis-
persion of firm size. As in Jovanovic (1982), entrepreneurs
learn about their productivity by observing their profits.
Learning is slowed down by transitory productivity shocks,
which, together with permanent shocks, make investment
risky. Entrepreneurs can borrow to invest in their firm but are
not protected by limited liability. Finally, they observe how
much they would earn in paid employment and can return to
the labor market.

I estimate the model using French corporate tax files
and individual employment records from 1994 to 2013.
These datasets allow me to compare the income trajectories
of entrepreneurs to a benchmark group by matching each
new entrepreneur with a paid employee who had the same
occupation, gender, age and a similar earnings trajectory
in the years preceding firm creation. However, the two
datasets can only be matched when entrepreneurs report
wages as employees of their own firms. This restriction
creates large selection bias for the smallest firms but not
for those with other employees, which motivates me to
focus on job-creating entrepreneurs. Specifically, I restrict
my sample to entrepreneurs whose firm hired at least one
employee in the year of its creation. Though constrained by
data limitations, this restriction acknowledges the growing
literature arguing that self-employment alone is a poor proxy
of entrepreneurship.” For example, Levine and Rubinstein
(2017) argue that incorporation is a better proxy and find
that, unlike their unincorporated peers, incorporated US en-
trepreneurs earn more than they would in paid employment.
Similarly, I find that, over the first 10 years of their firm’s
existence, French job-creating entrepreneurs earn 49% more
than peers in their benchmark group. This premium falls
under 10% when accounting for failed entrepreneurs who
returned to paid employment and adjusting for a hypothetical
6% opportunity cost of equity. Whether this premium is
enough to compensate for entrepreneurial risk is unclear.

My estimation strategy has two steps. First, I use the
volatility of wages among my benchmark group of salaried
employees to estimate the labor income process entrepreneurs
would face in paid employment. Second, I use the Simulated
Method of Moments (SMM) to estimate the parameters re-
lated to entrepreneurship. The three most important param-
eters are unobserved benefits, initial uncertainty over pro-
ductivity, and the standard deviation of permanent shocks. I

2Hurst and Pugsley (2011) document that most self-employed workers
have no intention to grow or innovate. Haltiwanger, Jarmin and Miranda
(2013) show that after controlling for firm age, small businesses do not
create jobs. Henrekson and Sanandaji (2014) find that the rate of self-
made billionaires correlates negatively with self-employment rates. Schoar
(2010) discusses the need to differentiate subsistence and transformational
entrepreneurs.

disentangle permanent and transitory shocks by matching
the volatility of value added at different time horizons.
Unobserved benefits are estimated by targeting the earnings
differential between entrepreneurs and their benchmark
group, as larger benefits lead individuals with relatively
unpromising ideas to become and remain entrepreneurs.
Likewise, I estimate initial uncertainty over productivity
by targeting empirical exit rates, as higher uncertainty
encourages experimentation, which in turn increases the
likelihood of failure.

As mentioned previously, the results suggest that unob-
served benefits and the option to return to paid employment
are both important in explaining the decision to become an
entrepreneur. By contrast, a series of counterfactual experi-
ments I conduct with the model show that only unobserved
benefits affect the cross-sectional earnings differential be-
tween active entrepreneurs and paid employees. Removing
unobserved benefits improves the quality of new firms and,
later on, discourages the persistence of unproductive en-
trepreneurs. Combined, these two effects would cause the
earnings differential between active entrepreneurs and paid
employees to double. By contrast, making it difficult to re-
turn to paid employment also improves entrepreneurs’ qual-
ity at entry but prevents unsuccessful entrepreneurs from
exiting later on. Quantitatively, these two effects exactly
offset each other, and, thus, the entrepreneurial premium
does not depend on the ease with which entrepreneurs can
return to paid employment.

What drives the value of the fallback option? To match
cumulative exit rates, the model requires a substantial level

of initial uncertainty over permanent log productivity (6=0.48),

while matching the volatility of value added requires large
permanent productivity shocks (6=0.18). At horizons ex-
ceeding seven years, permanent shocks generate more risk
and option value than initial uncertainty. Moreover, while
removing initial uncertainty has little consequences on
entrepreneurial activity, eliminating permanent shocks re-
duces the average firm’s value added by 40%. This shows
that permanent shocks explain the growth of successful
businesses. Direct evidence of these shocks in the data is
given by the increase in dispersion of firm size and earning
inequalities among surviving entrepreneurs with firm age. If
initial uncertainty were the main source of risk, selection
by learning would gradually reduce inequalities among
surviving entrepreneurs by eliminating the least efficient
ones.

Finally, I run several experiments related to policies in-
tended to promote entrepreneurship. I reestimate the model
under the assumptions that entrepreneurs either (i) temporar-
ily experience a 20% reduction in wages when returning to
paid employment, (ii) lose 20% of their capital when they
close their firm, or (iii) face progressive personal income
taxes. I then remove each of these three elements and find
them to have only marginal impact. This suggests that poli-
cies seeking to reduce labor market frictions, liquidation
costs and marginal tax rates would have only limited impact
on entrepreneurship.
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This paper contributes to the entrepreneurship literature
on nonpecuniary benefits and unreported earnings. Hurst
and Pugsley (2011) document that over 50% of new US en-
trepreneurs cite nonpecuniary benefits among their motives.
Pissarides and Weber (1989) and Hurst et al. (2014) infer
from expenditure data that self-employed workers underre-
port their income by 25% to 35% in tax forms and household
surveys. My approach differs in two ways. First, I measure
the magnitude of unobserved benefits necessary to ratio-
nalize observed earnings differentials between entrepreneurs
and paid employees. In that sense, my methodology is closer
to Jones and Pratap (2020)’s structural estimate of nonpe-
cuniary benefits of US dairy farmers. Aside from the very
specific nature of their sample, a key limitation of Jones and
Pratap (2020)’s study is their inability to observe farmers’
earnings outside of self-employment. Consequently, their
estimate of nonpecuniary benefits depends on their cali-
bration of farmers’ outside option. Second, I focus on job-
creating entrepreneurs, who might be less prone to under-
reporting than self-employed workers running smaller and
more informal businesses.> Moreover, unlike the previous
literature, I also estimate the extent to which unobserved
benefits contribute to entrepreneurial entry and persistence.

Manso (2016) argues that the option to return to salaried
work is important and shows that, in the U.S., self-employed
workers have, on average, similar lifetime earnings as com-
parable salaried workers. My structural model improves on
this study in three ways. First, one cannot rule out the impor-
tance of non-pecuniary benefits without taking uncertainty
into account. Just as two assets with identical expected cash
flows can have different prices, career paths with identical
expected earnings can have vastly different values to a risk-
averse agent. This is particularly important when the agent
is not diversified and the difference in risk is substantial: in
my data, the standard deviation of entrepreneural earnings is
four times larger than that of salaried workers. Second, one
cannot compute the value of a real option without solving a
dynamic model.

A third benefit of the model is that it can be used to run
counterfactual experiments in order to quantify the impor-
tance of entrepreneurs’ fallback option. These experiments
build on reduced-form studies that focus on specific forms of
downside protection, such as job-protected maternity leave
(Gottlieb et al., 2021) or unemployment insurance benefits
(Hombert et al., 2020). The structural estimation sheds light
on why these studies find that fallback options matter so
much: entrepreneurs face significant uncertainty —regard-
ing their own skills or the quality of their project — and,
even more importantly, are vulnerable to large permanent
productivity shocks.

Finally, I contribute to a nascent literature on structural
models of entrepreneurship. Dillon and Stanton (2018) de-
velop a semi-structural model in which risk-neutral indi-
viduals can switch to self-employment to learn about their

3Schuetze (2002) documents that entrepreneurs receiving more pay-
ments in cash are more likely to underreport their income. Hurst et al. (2014)
report some weak evidence that underreporting decreases with education.

productivity and can subsequently return to paid employ-
ment. Humphries (2021) develops a life-cycle model without
learning but where agents can choose between various forms
of self-employment. Relative to these papers, my model is
closer to standard life-cycle models of consumption and
portfolio choices as it allows for endogenous savings and
investment decisions, risk-aversion, and permanent produc-
tivity shocks, which turn out to be the main source of option
value. These additions put the risk-return tradeoffs between
entrepreneurship and paid employment at the center of the
model. Finally, in a contemporaneous study, Choi (2018)
shows that entrepreneurs with better outside options under-
take more risky projects, which is consistent with my find-
ings that marginal entrepreneurs’ expected utility increases
with the variance of permanent productivity shocks.

2. Stylized Facts

This section presents the data and stylized facts on
entrepreneurial earnings and the evolution of young firms.

2.1. Data and sample

I rely on two confidential administrative datasets from
the French statistical institute (INSEE): employee earning
records and corporate tax files.

Employee earnings Every year, French firms are required
by law to provide detailed information on each of their em-
ployees. These filings are known as Déclarations Annuelles
des Données Sociales (DADS). The DADS currently cover
the 1976-2013 period and include information on wages,
working period, hours, and occupation.

Among 24 occupations, three identify business own-
ers, which INSEE defines as workers “who exploit eco-
nomic capital as managers of their own firm.” These three
groups include “craftmen” (e.g. bakers, plumbers, construc-
tion businesses...), “merchants” (grocery stores, restaurants,
realtors...) and other “business owners.” “Liberal profes-
sions” such as lawyers, notaries and doctors are excluded.
INSEE provides the data in a series of cross sections that
cover the entire population but in which workers get a new
identifier every year. INSEE also provides a panel dataset
for a representative subsample in which workers have unique
identifiers. This subsample covers 1/25" of the population
until 2000 and 1/12'" thereafter.

Corporate tax files The second dataset contains income
statements and balance sheets collected by the Treasury for
the entire universe of French firms between 1994 and 2013.
Because this dataset uses the same company identification
number as the DADS, I can match business owners with their
firm’s accounting data as long as they receive a salary from
their own firm. I discuss the effect of this condition on my
analysis in the next section.

Sample 1 study firms created after 1993 with at least one
employee in the year of their creation. I exclude subsidiaries
and businesses with more than 50 employees or more than
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IM euros of equity at creation. Financial and real-estate
firms are also excluded, as well as independent profession-
als working in highly regulated sectors (lawyers, notaries,
doctors). Of firms respecting these conditions that have
no employee in their first year, only 17% eventually hire
someone else than their owner. Overall, my main sample
contains slightly more than 1 million firms and 4.7 million
firm-year observations.

As will be discussed, the French administrative data
is not without limitations. However, it has key advantages
over the US survey data widely used in the entrepreneurship
literature. First, it gives me the ability to follow a large set
of individual entrepreneurs before, during, and after their
entrepreneurial spell, an undertaking that is not viable with
US survey data. Second, the use of administrative data
is likely more reliable than survey data on businesses, as
Bhandari, Birinci, McGrattan and See (2020) find very large
differences between the average business income reported in
US surveys and administrative IRS data.

2.2. Income trajectories

Figure 1 reports the evolution of the earnings distribution
of individuals becoming entrepreneurs and that of a bench-
mark group of paid employees constructed via matching.
Earnings include wages (net of payroll taxes) and, for en-
trepreneurs, the net income of their firm.

In Panel A, I follow all entrepreneurs, including those
who closed their firm and returned to paid employment.
The left plot shows that entrepreneurs earn on average 36%
more than the benchmark group over the first ten years. Of
course, this comparison is somewhat misleading because
entrepreneurs need to invest equity that could otherwise
generate interests on a savings account. Ideally, we would
like to compare earnings in paid employment to the net
income of entrepreneurs, net of the opportunity cost of their
equity. The latter would include both dividends and capital
gains in the form of retained earnings. For strictly illustrative
purposes, we can assume an opportunity cost of equity of
6% and compute equity as net assets minus liabilities. The
purple line shows that, under these assumptions, the earnings
differential falls slightly under 10%. The structural model
will take into account that entrepreneurs need to reinvest part
of their earnings and forgo the income from interest that their
equity would generate in a saving account.

The right plot shows that entrepreneurial entry is fol-
lowed by a large increase in the dispersion of earnings, which
is three times larger than in the benchmark group. This large
variance suggests that entrepreneurs face much more risk
than paid employees. Whether the premium observed in the
left plot is enough to compensate this risk is the quantitative
question my structural model seeks to answer.

In Panel B, I compare the earnings of active entrepreneurs
to that of their benchmark group, but I remove entrepreneurs
(and their match) from the data as soon as they close their
firm. This leads to a survival bias that causes the earnings
differential to be larger and increase faster than in Panel A,
averaging 49% over the first ten years. Despite the exit of

the least efficient firms, the dispersion of earnings among
surviving entrepreneurs increases with firm age.

These plots are based on a subsample of 11,830 en-
trepreneurs and 107,701 entrepreneur X year observations.
The sample size is strongly reduced for two reasons. First,
while cross-sectional data cover the entire population of
workers, the panel data, in which workers keep the same
identifier over time, only covers a representative sample of
1/20"" of the population. The second limitation of the data is
that business owners can only be followed before and after
their entrepreneurial spell if they ever receive a wage from
their own firm. Otherwise, firm data cannot be linked with
the entrepreneurs’ earnings records. This condition creates
a selection bias if it correlates with success. I try to address
this problem by restricting my sample to cases in which the
entrepreneur paid himself a salary from the very beginning
(year O or 1). In theory, this decision could still reflect
confidence on the part of the entrepreneur and predict future
success. However, I find evidence that this subsample does
not significantly differ from the overall population of job-
creating entrepreneurs. As reported in appendix Table B.2,
firms in my subsample generate only 1,700€ more in yearly
earnings (net income + salary paid to the entrepreneur),
a difference that becomes statistically insignificant by year
six. Similarly, differences in exit rates are small: survival
rates after ten years are 49% and 44% for the subsample
and the full sample respectively. Though dictated by the
data, the focus on entrepreneurs paying themselves a wage
improves the comparability with the benchmark group of
paid employees, as these entrepreneurs enjoy similar social
security coverage.

I match each new entrepreneur with a paid employee us-
ing pre-entrepreneurial characteristics. Specifically, matches
are drawn from the sample of individuals who had the same
employment status (working or not) over each of the three
years preceding entrepreneurial entry. They must also have
the same gender and main occupation, which is defined at
the two-digit level (24 groups)*, as the one that generated the
highest total earnings over the last two years. The best match
is picked among paid employees satisfying these conditions
by minimizing the Mahalanobis distance to the entrepreneur
with respect to four variables: age and income over each of
the last three years. The quality of the benchmark group is
reported in appendix table B.1.

The closest element of comparison for Panel A is Manso
(2016), who finds no statistically significant difference in
earnings between US self-employed individuals and similar
paid employees. The use of self-employment as a proxy for
entrepreneurship is the most likely explanation for this dif-
ference in results. By contrast, Levine and Rubinstein (2017)
distinguish US incorporated entrepreneurs from other self-
employed workers and find that the former earn 29% more
than they would in paid employment, which is more consis-
tent with my findings.

4Using a more granular definition of occupations yields similar results
but causes some entrepreneurs to be matched to salaried workers with very
different earnings trajectory for small occupation groups.
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A. Including Entrepreneurs Retuning to Paid Employment

1. Mean Earnings SD of Earnings
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Fig. 1: Evolution of Earnings around Entrepreneurial Entry. These graphs report the evolution of the income distribution among
workers becoming entrepreneurs at time 0 and a benchmark group of paid employees constructed by matching. The mean income
of entrepreneurs is defined as the sum of wages (net of payroll taxes) and firm’s net income. The purple line illustrates what
would be the earnings of the entrepreneurs after adjusting for a hypothetical opportunity cost of equity of 6%. Equity is defined
as net assets minus current liabilities. In Panel A, it includes entrepreneurs who returned to paid employment. By contrast, Panel
B only reports income of entrepreneurs as long as they are still running their business. The matching algorithm takes into account
sex, last occupation, age, and earnings received over each of the three years preceding the entrepreneurial spell. Shaded areas

represent 95% confidence intervals estimated by block bootstrap.

2.3. Early years of businesses

Table 1 reports summary statistics for firms with at least
one employee at creation. The first indication that the option
value of returning to paid employment may be substantial
is that entrepreneurs tend to create their firm in their early
forties 40, more than twenty years before retirement age, yet
most firms die within ten years.

Two important features of the data suggest that en-
trepreneurial exits may be difficult to explain with a simple
model of selection in which entrepreneurs learn about their
productivity. First, exit rates do not drastically fall as firms

get older. Second, the dispersion of firm size, measured
by the standard deviation of log value added, increases
with age. These facts suggest that permanent productivity
shocks could be the main determinant of the evolution of
the firm size distribution. If selection was caused solely by
learning, exits would be concentrated among young firms.
Moreover, heterogeneity would decrease with age as the
least efficient entrepreneurs return to paid employment. The
observed trends are better explained by permanent produc-
tivity shocks, which can both cause the death of mature busi-
nesses and increase heterogeneity among surviving firms. A
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Table 1
Firm characteristics by age

This table reports summary statistics for firms with at least one employee at creation between 1994 and 2013. Ebit is normalized by
the average national wage (net of payroll taxes). The volatility of value added is estimated by computing the standard deviation
of the residuals of an OLS regression in which the dependent variable is the change in log value added and the explanatory
variables are a set of year, sector and firm age dummies. All variables but the entrepreneur’s age are winsorized at the 1% and
99" percentiles by firm age-year-sector groups. Incomplete business years are excluded.

Firm Age

1 2 3 4 5 6 7 8 9 10
Cumulative exit rate 0.10 0.18 0.25 0.31 0.37 0.42 0.45 0.48 0.52 0.55
Adj. Ebit 1.96 2.42 2.70 2.97 3.22 3.35 3.42 3.53 3.65 3.63
SD of log Value Added 1.00 0.99 1.01 1.02 1.03 1.05 1.06 1.07 1.08 1.09
1-Year Vol. of log VA 0.46 0.41 0.39 0.39 0.38 0.37 0.36 0.36 0.35 0.36
3-Year Vol. of log VA 0.64 0.59 0.57 0.55 0.54 0.53 0.63 0.51 0.50 0.51
Age of Entrepreneur 41.2 423 433 44.2 45.0 45.0 46.6 47.4 47.9 48.3
# Employees 3.60 3.89 4.17 4.38 4.60 4.76 4.91 5.01 5.09 5.11
Observations (in th.) 951 773 625 511 424 353 291 237 192 153

final and more direct piece of evidence that entrepreneurs
experience large permanent productivity shocks is that the
volatility of log value added (SD of log VA, — logVA,;)
increases with horizon (k).

Disentangling permanent and transitory productivity
shocks is important for at least two reasons. First, only
permanent shocks should significantly increase the en-
trepreneurial risk premium, as business owners can self-
insure against transitory shocks through consumption smooth-
ing. Second, just like initial uncertainty, permanent shocks
increase the option value of experimentation. However, un-
like initial uncertainty, permanent shocks also create option
value among mature nonperforming firms and can therefore
encourage their owners to keep running their business.

Though the majority of firms in my sample cease op-
erations before reaching 10 years old, exit rates are much
lower than in Manso (2016), who finds that the majority
of self-employment spells last less than two years. Again,
the difference likely comes from his broader definition of
entrepreneurs. However, exit rates in my sample are nearly
identical to those observed among incorporated firms in
Norway (van Praag and Raknerud, 2017). Cabral and Mata
(2003) also report that the size dispersion of Portuguese
manufacturing firms, measured by the number of employees,
continually increases with age, even after 20 years old.
Finally, the age of business owners is consistent with Levine
and Rubinstein (2017) who report an average of 43.6 for
incorporated businesses.

3. Model

This section presents a life-cycle consumption model in
which individuals can leave paid employment to become
entrepreneurs and run a firm with Cobb-Douglas technology.
Entrepreneurs learn about the productivity of their firm
through experimentation as in Jovanovic (1982) and can
return to paid employment in case of disappointment.

For the sake of clarity, some aspects of the entrepreneur’s
problem that may seem important but do not ultimately
have a significant effect on my key results are left aside
in this section. These aspects include collateral constraints,
progressive personal taxes, irreversibility of investments
and frictions when returning to the labor market. They are
introduced in the model individually in section 6.

Figure 2 illustrates the timing of events and decisions by
decomposing a period (year) into sub-periods. First, individ-
uals get a business idea with probability p. Ideas arrive only
once in a lifetime but do not have to be implemented right
away. Individuals also receive labor income shocks, regard-
less of whether they are entrepreneurs or paid employees.”
The first decision of the agents is to choose between paid
employment and entrepreneurship for the rest of the year.
Individuals can only become entrepreneurs once. If they
choose to run a firm, they also decide how much to invest in
capital. What is not invested in their firm is saved at the risk-
free rate. Finally, at the end of the year, paid employees and
entrepreneurs receive their earnings and decide how much
to consume.

3.1. Agent
The agent has constant relative risk aversion (CRRA),
and his expected utility at time ¢ is

1—y
R-1 (Cit + 1K,>OB>
Vi=F& Z p 1=
s=t

3T also solved the model assuming that individuals choose their oc-
cupation before their labor income shocks and find its predictions to be
quantitavely close, with one exception. If labor income shocks happen after
the occupation choice, paid employees must wait for an entire year before
becoming entrepreneurs when they receive large negative shocks (are fired).
This lag causes wages to drop more sharply in f — 1 in the model than in the
data. It seems more reasonable to assume that when being fired, individuals
can immediately become entrepreneurs if they have a business idea.

+ AR ViR, (1)
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Fig. 2: Timeline of each period

where C is consumption, B a unobserved benefit received by
entrepreneurs, f the discount factor, y the coefficient of rel-
ative risk aversion, and V;p the terminal value at retirement
age R. K denotes capital employed, with K;; > 0 implying
entrepreneurship.

3.2. Entrepreneurship
3.2.1. Production

The distribution of firm size partially arises from hetero-
geneity in talents and project quality among entrepreneurs
facing decreasing returns to scale, as in Lucas (1978).
Specifically, the net profit of the firm is:

I, = (1 - 1) [e" K% — 6K;, — rpD;] . )

where z;; measures the log productivity of capital, &
its depreciation rate, and a controls returns to scale. K;; is
composed of net assets minus current liabilities, that is the
assets that need to be financed with equity or bank debt D;,.
At the beginning of each period, entrepreneurs choose Kj,
before they observe z;,, which reflects short-term business
uncertainty and capital adjustment costs and makes returns
on capital uncertain. The model implicitly assumes that
labor is chosen freely after observing the period productivity.

Log TFP is the sum of a permanent random walk com-
ponent z;;, and a transitory shock z, ;. Specifically, the
dynamics of z is:

Zip = Z1i t 2o
2 ..
Zyg = Zrim1 ~ N <0, 61,1> iid. 3)
Zaa ~N(0.02,) iid.
The decision to allow z to follow this path instead of

an AR(1) process, as is common in the structural corpo-
rate finance literature, is data-driven. The version of the

model utilizing an AR(1) generates a decline in within-
cohort heterogeneity over time, which is inconsistent with
the observed trend. In fact, as reported in Appendix Figure
C.5, even under the assumption that some TFP shocks are
permanent, the model tends to slightly underestimate the
long-run volatility of profit.

Corporate taxes represent a fraction = of profits and are
negative in case of losses, which proxies the firm’s ability
to carryback and carryforward. Entrepreneurs can borrow
without constraint at a rate r . In accordance with the data,
I assume the cost of corporate debt (1 — 7)rp to be above
the risk-free rate r. Under these assumptions, the dynamics
of wealth W is

Wi —Wy=0U0-1) (ez"’Kﬁ —6K; —rp(K; — VVit)+)
+r(W; - Kit)+ -Gy
4

For simplicity, I assume that entrepreneurs are not pro-
tected by limited liability, which is broadly consistent with
the reality faced by many French entrepreneurs. Due to
the provisions of the French bankruptcy code, banks com-
monly ask personal guarantees before granting loans to
entrepreneurs who often pledge their house as collateral
and offer personal guarantees (Schmalz, Sraer and Thesmar,
2017; Davydenko and Franks, 2008).

3.2.2. Beliefs and learning

To start a business, workers need an entrepreneurial idea.
Ideas arrive at an annual rate p and can only be realized once
in a lifetime. As in Jovanovic (1982), workers do not observe
the profitability of their idea and can only learn about it
by starting a business, a decision that they can delay. The
quality of the project serves as an initial value for permanent
productivity z;. Specifically, the initial value of z; is
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Z1ity = z + v+ v,
. N——
industry mean observed  unknown (5)

v, ~ N, 63,1)
V2,i ~ N(O’ 63’2)

where Z is an observable industry mean, Vi is a component
known from the (potential) entrepreneur, and v, ; a source
of uncertainty. I assume that the entrepreneur updates his
beliefs in a Bayesian fashion. His initial prior regarding
the permanent component of productivity z; and his initial

degree of uncertainty o-i 1, Are
Hiry =Z+Vy,;
{ o2 =2 (6)
M.ty v,2

Conditional on maintaining his business, he observes the
realized TFP but not its decomposition between the transi-
tory and permanent components. In this case, the dynamics
of his belief is®

2 2
Mgt = My = 05 (2 — )
it+1 it 6;24t+°—§1+6§2 it it (7)
2 . 2\ 72
(72 _ (G;l,t+6z, 1 )O-Z,Z
g+l T 62 462 462
H Gy,t+‘7z,1+‘7z,2

3.2.3. Investment

In the model, capital investment K is determined by two
economic forces. For a risk-neutral entrepreneur, the optimal
K is such that the expected return on capital is equal to
its opportunity cost. This cost depends on whether the en-
trepreneur needs external financing. If he does not, then the
a(l=D&;([Zi| ] ) ﬁ

r+(1-7)8 :
Otherwise, the cost of capital is the net interest rate on

corporate debt (1 — 7)rp, and the optimal investment is
1

K* = aEy [ Zif| ] \ 1=
it rp+é ’

Because entrepreneurs are risk-averse and risk cannot
be diversified, capital investment is also a portfolio choice
problem. To some extent, this problem is similar to life-
cycle models in which households can invest in a risk-
free asset or a portfolio of risky securities. In this class of
models, the risky share is determined by the risk premium,
the variance of returns, and the risk aversion of the agent
(Merton, 1969). There are also important differences with
traditional portfolio choice models. First, the curvature of the
production function means that the risk premium decreases
with firm size. Second, returns are serially correlated: profits
above expectations signal higher productivity in the future.

Even though capital investment is not restricted by fi-
nancing frictions, it is limited by market incompleteness if
entrepreneurs are risk-averse. Consequently, entrepreneurs
will invest less than K.

optimal investment would be K}, = (

6see Holmstrom (1999).

3.3. Paid employment

The agent’s log wage y has three components: a de-
terministic function of age f(¢), an idiosyncratic persistent
element /; ;, and a transitory one /; ;;.

Vi =SF®+ ll,it + l2,it 3

In accordance with the log wage specification widely used
in the life-cycle literature, the transitory component /, is
normally distributed with variance 0'122, while the persistent
component /; follows an AR(1) procéss

ll,it+1 = pll,it +€irs ©

where ¢, ; is normally distributed with variance 0'121 . Finally,
the wealth dynamics of paid employees is

Wi =U0+nW,+Y, -C,. (10)

Importantly, the agent’s human capital as a paid em-
ployee is not protected during entrepreneurial spells and
evolves following the same dynamics. Hence, the value of
the fall back option is uncertain.

3.4. Recursive formulation

The problem is solved backward by numerical dynamic
programing (see Appendix A.1). Each year is divided into
two sub-problems: one for occupation choice and investment
and the second for consumption. Apostrophe signs (") denote
evolving state variables.

In the consumption sub-problem, the agent maximizes

(C+1goB) 7

V W9 s ’l =
R R

(1)
+ ﬁ[EV,_H(W', u, 0';, lll’ l;) ,

where W/ = W — C, while /; and /, evolve as detailed in
Section 3.3. Paid employees who have not yet experienced
an entrepreneurial idea receive one with probability p. In that
case, ' and 6; are defined by equations (5) and (6). They
remain unchanged otherwise.

In the occupation and investment sub-problem, the agent
maximizes

VW 01,1 = max { BV, Vol 1) . (12)

Agents who are not former entrepreneurs and have an idea
can choose K > 0, in which case W', i’ and ¢’ evolve as
described in Section 3.2. Note that from the agent’s point
of view, the distribution of z;, is N (,u[,,aw + az’1>. If

K = 0, then x4/ and ¢’ do not change, and W' follows
Equation (10).
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Finally, the terminal value V' only depends on wealth
and is approximated using Merton (1969)’s solution, assum-
ing a residual life expectancy of 20 years.’

4. Structural Estimation

This section details the structural estimation of the
model. I preset a number of parameters using key statistics
from the firm data and use my benchmark group of paid
employees to estimate the dynamics of wages. Finally, I
use the simulated method of moments to estimate eight
parameters that cannot be directly inferred from the data:
unobserved benefits (B), the arrival rate of ideas (p) and
their average quality (Z), the dispersion of initial priors
(0,,1), the initial uncertainty over productivity (o, ,), the
standard deviation of permanent (¢, ;) and transitory (o ;)
productivity shocks, and returns to scale ().

4.1. Preset parameters

Labor income process 1 assume that the deterministic
component of wages f () is a cubic polynomial in age, which
I estimate by OLS. Specifically, I normalize wages by the
national average and regress the log on age, age” and age>.

The parameters of the AR(1) process (p and 6, ;) and the
standard deviation of transitory income shocks (o, ,) are set
to match the standard deviations of log income growth at the
1, 3 and 5-year horizons, net of life-cycle effects.’

To compute these moments, I restrict the employee panel
data to males between 25 and 55 years old’ who have been
matched with entrepreneurs and use their entire earnings
history between 1992 and 2013. The value of these moments
is close to estimates for the general US male population
(Guvenen, Ozkan and Song, 2014).

Other parameters 1 set the rate on corporate debt to 3.5%
to match the median interest-to-debt ratio of 5.5% minus
a 2% inflation rate. Likewise, I set the depreciation rate to
6 = 6.5% to match the median ratio of depreciation-to-
capital employed. I choose the medians of these two ratios
because their mean is distorted by outliers. I set 7 = 0.14 to
match the sample’s mean effective corporate tax rate.
Preferences are taken from the literature. I set the dis-
count factor to § = 0.96, following the structural estimation
of the life-cycle consumption model with labor income risk
by Gourinchas and Parker (2002). In my baseline scenario, |
set relative risk aversion to y = 1 but also estimate the model

7In Merton’s model, the agent can also invest in the stock market
portfolio. As this is not the case in my model, I use Merton’s solution with
an equity premium of zero.

8The problem can be solved analytically. If v, denotes the variance of

VU3 + U5
Nerers

, (-0 —(v3 = 05)(U = vyVs) + (0] = v3)*p
L1 20y — vs) 2(v3 — vs)(v] — 203 + v5)

9The goal of this restriction is to eliminate as much as possible
variations in income caused by voluntary changes in working hours or
transitions in and out of the labor force.

log income growth over k years, Var(y; . 4 — ;,), then p =

[

2 _
and 0, =

Table 2

Calibrated Parameters

This table reports all calibrated parameters. In Panel A, | use
the benchmark group to predict log wage as a cubic polynomial
in age. In Panel B, | set the parameters governing the
stochastic component of wages such that the model matches
the empirical standard deviations of log wage growth at the 1,
3 and 5 year horizons among the benchmark group, restricted
to males between 25 and 55. Panel C reports the calibration of
preference and economic environment parameters. Preferences
are based on existing estimates. The corporate tax rate
matches the sample empirical mean. The business loan and
depreciation rates match the sample medians.

Panel A: Life-cycle profile of log wage

f1  Effect of age on log wage .3452

f,  Effect of age?/10 -.0560

f;  Effect of age?/1000 .0321

fo  Intercept -6.0085
Panel B: Labor income risk

Estimated parameters:

p  Persistence .835
o, SD of persistent shocks .345
o, SD of transitory shocks 312
Moment conditions:

1-Year horizon SD of log wage growth 570

3-Year horizon 124

5-Year horizon .814
Panel C: Preferences & Environment

v  Risk aversion 1

p  Discount factor .96
R  Retirement age 65

7 Corporate tax rate .140

r  Risk-free rate .020
rp  Business loan rate .035

6 Depreciation rate .065

for other values.'” The agent initial wealth represents 10% of
the average net earnings in the economy.

4.2. Moment selection

The choice of targeted moments is guided by two ojec-
tives. The first objective is to estimate eight model parame-
ters. To do so, we need at least eight moments closely tied to
these parameters in the model. Second, because the model
is used to compute the option value of returning to paid

10Estimates of y in the laboratory often suggest values slightly below 1
(Holt and Laury, 2002; Harrison and Rutstrom, 2008; Andersen, Harrison,
Lau and Rutstrom, 2008). Gourinchas and Parker (2002) estimate y to be
between 0.5 and 1.4. Chetty (2006) argues that empirical evidence on the
elasticity of labor supply impose a level of y below 2.
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employment, we want it to match key determinants of this
value.

The ability to return to paid employment is akin to a
put option on the venture. To compute the value of this
option over time accurately, the model needs to match key
determinants of the price of an American put option. These
determinants include the venture’s value, its volatility, the
option’s time to maturity, and the entrepreneurs potential
earnings in salaried work: the “strike price” of the put option.

Eight categories of moments Figure 3 illustrates the re-
lationships between the eight moment categories targeted in
the estimation and the parameters they identify.

1. Age of entrepreneurs — As illustrated by Panel A,
the age of entrepreneurs identifies the arrival rates
of ideas: If business opportunities appear sooner, en-
trepreneurs are younger. Matching the age of en-
trepreneurs is important because the option value of
returning to paid employment decreases as they get
closer to retirement. The value of experimentation
also depends on investment horizon: younger workers
are more likely to experiment with less promising
ideas since many years of profits would offset the cost
of experimentation in case of success.

2. Entrepreneurial premium — Panel B shows that un-
observed benefits reduce the earnings differential
between entrepreneurship and salaried work by en-
couraging entry and keeping inefficient businesses
alive. To compute the simulated earnings differential,
I replicate the matching procedure used in Section
2.2 to construct a benchmark group. First, I simulate
the income path of 10° workers who cannot become
entrepreneurs but face the same labor income process.
Then, I match each new entrepreneur to one of these
paid employees of the same age by minimizing the
euclidean distance with respect to their last three
years of wages. Importantly, because it is inferred
from revealed preference, my estimate of unobserved
benefits is valid for agents whose occupation choice
depends on their value. As such, it should be inter-
preted as the value of unobserved benefits for marginal
entrepreneurs. By contrast, the value of unobserved
benefits of entrepreneurs running highly profitable
businesses is difficult to infer by revealed preference
as they play a lesser role in their occupation choice.

3. Business income — Better ideas produce more prof-
itable businesses. As illustrated by Panel C, the mean
EBIT identifies the average quality of ideas (Z). In the
model, there is no difference between retained earn-
ings, dividends, and salaries paid to the entrepreneur.
When comparing business earnings in the data and
in the model, it is therefore important to use a met-
ric that does not depend on the distribution policy.
For this reason, the empirical EBIT is adjusted to
reintegrate wages paid to entrepreneurs. When rein-
tegrating wages, one must take into account that they
were not subject to corporate taxes in the data but

would be in the model. Therefore, in the data, I define
adjusted EBIT as Adj. EBIT;, = EBIT;,+Wage;, /(1 -
Tax Rate;,) such that wages have the same purchasing
power in the data and in the model. In the model,
EBIT;, = e* K} — 6K;.

4. Return on capital — In a frictionless world, the ratio of
Adj. EBITDA to capital employed equals & Hence,
as shown in Panel C, this ratio identifies areturns to
scale a. Capital employed is computed as net as-
sets minus current liabilities. Matching this moment
is important because estimated unobserved benefits
would be negatively (positively) biased if the model
under(over)-estimated how much capital is invested to
generate one euro of profit.

5-6. Volatility of value added — The standard deviations of
permanent and transitory shocks are disentangled by
matching the volatility of log value added at different
time horizons: one and three years. Panel E shows
that volatility is independent of horizon when shocks
are purely transitory (6,; = 0). Conversely, the
greater the variance of permanent shocks, the larger
the difference in log value added volatility at the 1-
and 3-year horizons. In the model, value added is a
constant fraction of EBITDA under the assumption
that labor is chosen without constraints. Hence, the
volatility and cross-sectional variance of log value
added are identical to that of log EBITDA.

7. Dispersion of value added — The dispersion in value
added unaccounted for by TFP shocks is attributed
to variance of permanent productivity at entry. This
variance is decomposed into an observed (0'5’1) and

unobserved (0'32) component representing initial un-
certainty. ’

8. Exit rates — As illustrated by Panel G, initial un-
certainty o, , is identified by cumulative exit rates
because it encourages experimentation, which in turn
increases failure rates. Holding o,,, 0,; and o,
fixed, the residual variance is attributed to o, ; as
illustrated in Panel H.

Life-cycle patterns The model can be estimated by tar-
geting these moments alone. Despite this, my estimation
procedure also targets the evolution of six of these moments
over the first ten years of entrepreneurial spells, as illustrated
in Figure 5. There are two reasons to match these life-
cycle patterns. First, they are informative about estimated
parameters. Second, the dynamic model is used to estimate
the option value of returning to salaried employment and its
evolution over time. Therefore, it is important that the model
matches key determinants of this option value, such as cost
of exercise, time to maturity, and volatility.

If entrepreneurs returned to paid employment after short
periods of experimentation, most exits would occur in early
years. On the other hand, if entrepreneurs went out of busi-
ness because TFP shocks, exit rates would remain high
beyond the few years of experimentation. Therefore, the
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Fig. 3: Elements of Identification. These plots display the relationships between estimated parameters and their primary source
of identification. | start by setting all parameters to their baseline estimates, reported in Column (1) of Table 3 and represented
by vertical dashed lines. Then, | move each parameter independently around its estimated value and report the evolution of the
most informative simulated moment(s). In Panel B, the premium is the mean yearly earnings difference between entrepreneurs
and their benchmark group over the first ten years, normalized by the average national wage. In Panels B to H, moments are
reported for 5-year old firms, but the SMM targets all of them for each firm age from 1 to 10. In panels E and F, | report the
standard deviation of log value added growth at both the 1 and 5-year horizons.

timing of exits reveals the relative importance of these two
economic forces.

Together, the life-cycle profiles of exit rates and busi-
ness earnings determine the expected cash flows from the

typical entrepreneurial spell. Matching the life-cycle profiles
of these moments guarantees that businesses have similar
present values in the model and in the data. This present
value represents the observable monetary cost of returning
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Fig. 4: Elements of ldentification - Life-cycle patterns. Panel A reports the evolution of the standard deviation of log value added
by firm age for different standard deviations of permanent TFP shocks. Panel B reports the standard deviation of log value-added
growth at different firm ages for different levels of return to scales. All other parameters are set to their baseline value reported

in column (1) of Table 3.

to paid employment. Exit rates also represent the frequency
at which the option is exercised at different points in time.

Another important source of option value is the vari-
ance of entrepreneurial earnings. Though the within-cohort
standard deviation in log value added is high, it appears
remarkably stable over the life cycle, growing from 1.00 to
1.09 over the first ten years of the life-cycle. At first glance,
the fact that within-cohort inequality does not grow over time
suggests that entrepreneurs do not face much risk, and the
option value of returning to paid work is low. Nevertheless,
Panel A of Figure 4 shows that matching this modest slope
requires a high volatility for the random-walk component of
TFP. As aresult of selection, without a random-walk compo-
nent, within-cohort variance declines as the least profitable
businesses close.

As Panel B of Figure 4 illustrates, higher returns to scale
increase the variance in value added growth rates among
young firms. When new entrants do not know their type, they
adjust their stock of capital as they learn: Entrepreneurs who
receive positive signals invest more, and those with negative
signals do the opposite. As a result, learning creates a source
of growth rate heterogeneity that dissipates over time. The
strength of this mechanism depends on the curvature of the
production function. Indeed, absent any other friction, the

r+6
the entrepreneur’s expectation of his productivity. Therefore,

the investment response to a change in E[ Z] is an increasing
function of a. In the data, this effect appears to be small and
short-lived, as the variance of growth rates converges rapidly
to its long-run level. This pattern suggests that returns to
scale are low or that entrepreneurs do not learn much about
their productivity.

1
optimal capital stock is K* = <M> =% where E[Z] is

SMM With the exception of the mean earnings differential
and returns on capital employed, all moments are targeted

for each firm age from 1 to 10. The first year (age zero) is
not targeted because it does not reflect a complete year of
business. For the same reason, I exclude exiting firms when
computing simulated and empirical moments. Before com-
puting the moments, I winsorize all variables by industry-
year at the 1° and 99" percentiles. The SMM procedure
seeks the vector of eight parameters that minimizes:

(m - (0))" W (m - i (6)) (13)

where m (0) is the vector of 62 simulated moments gener-
ated by the model, and m its empirical counterpart. These
moments are reported in Figure 5. The weighting matrix W
is the inverse of the variance-covariance matrix Q of the
empirical moments.

4.3. Estimation results
Column (1) of Table 3 reports parameters estimated by
SMM in the baseline specification.

Unobserved benefits 1 estimate that unobserved benefits
represent 38.6% of the average national net wage. This
represents 8,250€ per year in 2018 and sums up to 90,700€
over the average length of entrepreneurial spells. These
estimates of the value of unobserved benefits may appear
relatively modest. Since they fall below existing estimates
of earnings under-reporting alone, my results seem to imply
that non-pecuniary benefits are quite small, which is hard
to reconcile with the fact that over 50% of entrepreneurs
report non-pecuniary benefits as a key determinant of their
occupation choice (Hurst and Pugsley, 2011). However, this
is not necessarily the case for two main reasons. First, B
should be interpreted as the value of unobserved benefits,
net of unobserved costs. There are also disadvantages to
being an entrepreneur. For example, independent craftsmen,
merchants, and business owners work on 45.8 hours per
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week, which is 22% more than the national average (37.4)
and 10% more than white collar professionals (41.5).!! Tt
is also possible that unreported earnings are lower in my
sample of job-creating entrepreneurs than in previous studies
that consider the entire self-employed population, which
largely consists of smaller and more informal businesses
where underreporting might be more pervasive.'”

Another element captured by the parameter B is the dif-
ference in the tax treatment of dividends and wage income,
as well as the value of Social Security made on gross wage.
Since entrepreneurs have the ability to decide what portion
of their earnings is reported as dividends and wage income
for tax purposes, they are at least as well off as salaried
workers whose earnings are restricted to the tax structure
imposed on wages.'? Overall, it is difficult to determine an
entrepreneur’s optimal mix between wages and dividends
for tax, as it depends on each individual tax bracket, Social
Security record, and trust in the pay-as-you-go retirement
system. Note however that entrepreneurs should optimize
this mix such that dividends and wages are, at the margin,
equally valuable.'*

USource: France, portrait social, Insee, 2020, page 245

12Schuetze (2002) documents that entrepreneurs receiving more pay-
ments in cash are more likely to underreport their income and Hurst et al.
(2014) report some weak evidence that underreporting decreases with
education.

13For a numerical example, consider the case of an entrepreneur with
a taxable income above 71,000e in 2011. His marginal income tax rate
was 41%. His dividends are subject to a 13.5% Social Security tax and an
income tax. However, to avoid double taxation with corporate taxes, only
60% of dividends are subject to income tax. Moreover, the entrepreneur
has the option to pay an income tax rate of 19%, which he should take
given his tax bracket. Overall, his marginal tax rate on dividends would be
13.5%+0.6%19%=25%, or 16.5% lower the marginal tax rate. This makes
each euro of dividend roughly 20% more valuable than one euro of net wage.
On the other hand, a 20.3% retirement contribution have been paid on net
wage. If the value of accrued benefits is similar to their cost (contributions
are fairly priced), the difference in value between a euro of dividend and a
euro of net wage would be small.

14For a more in-depth discussion of legal tax avoidance by French
entrepreneurs, see Bach (2017) and Bach, Bozio, Fabre, Guillouzouic,
Leroy and Malgouyres (2019a)
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Keeping Options Open: What Motivates Entrepreneurs?

Other parameters Overall, entrepreneurs face a substan-
tial amount of risk. First, productivity shocks are fairly large,

with a standard deviation of ‘/0'31 + 052 ~ 0.34. Hence,

even if entrepreneurs observed their permanent productivity
and had no debt, the standard deviation of returns to capital
would be twice that of the S&P500. While these shocks
are mostly transitory, a one standard deviation shock to
the permanent component would raise EBITDA by roughly
20%.

Moreover, new entrants face substantial uncertainty re-
garding their initial permanent log productivity (o,
0.485). This initial uncertainty produces as much dispersion
as seven years of permanent shocks. However, since the
average new entrepreneur is twenty years from retirement,
permanent shocks generate more risk and option value than
initial uncertainty

Finally, the estimated value of « is consistent with pre-
vious estimates by Evans and Jovanovic (1989).

4.4. Model Fitness

As reported in Figure 5, the model matches the data well.
One weakness, however, is that average EBIT grows at a
7.9% rate in simulated data but only 6.8% in the empirical
data. As a result, simulated EBIT is slightly below its em-
pirical target in the first six years and above it thereafter.
One possible set of explanations lie in institutional frictions
overlooked by the model, such as more stringent labor regu-
lation above 49 employees or progressive corporate taxes.'>
Capital adjustment costs, financial constraints and imperfect
bayesian updating could also slow down the growth of EBIT
by delaying exits of unsuccessful firms and investment in the
successful ones. Panel A does suggest that entrepreneurs exit
slightly later than the model’s bayesian agent.

Another potential concern regarding the model’s fit is
its apparent overestimation of earnings towards the end of
business’ first ten years of existence. The effect of this
overestimation on my results, however, are largely mitigated
by the discount and survival rates. Its impact is further
reduced by the fact that risk averse agents put less weight
on these late earnings, as they occur in good states of the
world.

To better understand the model and the identification of
key parameters, I also estimate it under the assumptions that
(i) there are no unobserved benefits (B = 0), (ii) no perma-
nent productivity shocks (¢, ; = 0), or (iii) no initial uncer-
tainty (o, , = 0). The model fitness under these assumptions
is reported in Appendix Figure C.1. Of particular interest
are the moments that cannot be matched when a parameter
is set to zero. For example, without unobserved benefits,
the model fails to match the dispersion of log value-added
because small and inefficient firms cease to exist or are very
rare. The only way to increase the dispersion is to extend the
right tail of the distribution by increasing o, ;, but this cannot
be done without massively inflating the mean EBIT. This

151n the sample, the average corporate tax rate is 14%, but the marginal
rate reaches 33% above 75,000 euros of profits. Firms with more than 7.6M
euros in sales cannot benefit from reduced tax rates at all.

result indicates that the dispersion of value added is a source
of identification for B.'® Without permanent productivity
shocks, the model cannot simultaneously match the volatility
of log value added at the one-year and three-year horizons.
More interestingly, without permanent productivity shocks,
the model predicts that the dispersion of log value-added
should decrease sharply with firm age because selection by
learning eliminates the least productive firms. This causes
heterogeneity among survivors to decrease. On the other
hand, the model can match the data relatively well when
initial uncertainty is set to zero, which suggests that learning
does not play a large role in explaining the data.

5. Discussion

This section discusses my main results. First, I show that
the model correctly predicts the income trajectories of en-
trepreneurs and their benchmark group before and after the
creation of their firm. Second, I compute the certainty equiv-
alent of the option to return to paid employment. Finally, I
run counterfactual experiments to quantify the importance
of key model ingredients.

5.1. Simulated income trajectories

Figure 6 reports the income trajectories of new en-
trepreneurs and their benchmark group, in the model and
in the data. Earnings include wages of entrepreneurs who
returned to paid employment. Overall, the model captures
relatively well (i) who become entrepeneurs and (ii) the
subsequent earnings differential.

With regards to selection into entrepreneurship, simu-
lated data replicate the decline in labor income that leads
to entrepreneurial entry as well as the average income of
new entrants. In the model, the decline of wages in the years
leading to the entrepreneurial spell triggers the decision to
start a firm by lowering the opportunity cost. In a way,
entrepreneurial entry is also a fall back option when labor
earnings are low.

There is no ex-ante guarantee that the model would
reproduce these patterns. First, the deterministic component
of wages, f(¢), is increasing at an age of around t =
40 years. Second, labor income inequalities are substantial
in the model: the within-cohort standard deviation of log

persistent income is ‘/0'121/ (1 — p2) = 0.63. Entrepreneurs

could therefore be drawn from a pool with a different level
of income.

5.2. Selection issues

In the data, the entrepreneurial premium is measured as
the earnings differential between entrepreneurs and work-
ers with similar characteristics and salaries before the en-
trepreneurial spell. However, it is possible that two work-
ers, even though they are identical in the data, have dif-
ferent expected earnings as salaried employees going for-
ward. In that case, workers with lower salary expectations

16This also explains why the standard error for my estimate of B is very
small, as the empirical dispersion of firm size is precisely estimated.
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Fig. 5: Moments Targeted in the Estimation. These plots report all empirical moments targeted in the structural estimation as
well as their simulated counterparts in the baseline estimation. The mean adjusted Ebit includes wages received by the business
owner. The yearly income premium is the mean earnings difference between entrepreneurs and their benchmark group over the
first ten years. This premium and adjusted Ebit are reported as a fraction of the average wage (net of payroll taxes) in the

economy.

would be more likely to become entrepreneurs. As a con-
sequence, the econometrician would overestimate the coun-
terfactual salary of entrepreneurs and underestimate the
entrepreneurial premium.

If entrepreneurs had lower long-run earnings potentials,
those who return to paid work should earn significantly less
than their benchmark group. As show in Appendix Figure
C.3, they earn -20% in their first year back on the labor
market, but this difference becomes statistically insignificant
four years later. Given that a loss of income can be expected
after a failed entrepreneurial spell, it does not appear as
though workers in the benchmark group had much better
prospects on the labor market at time t=0.

It is also possible that workers become entrepreneurs
when they lose their jobs. Even if losing their job did not
affect their earnings over the long run, it could reduce the
opportunity cost of starting a business. This is an issue for
the econometrician who observes that entrepreneurs do not
hold their previous salaried job, but ignores whether it is the
consequence or the cause of the entrepreneurial spell. If the
loss of employment triggered the entrepreneurial spell, then
the benchmark group overestimates how much entrepreneurs

would have earned if they had remained on the labor market.
However, the structural model incorporates this source of
selection and allows me to quantify the bias it generates. In
Appendix Figure C.2, I report the simulated income paths
of entrepreneurs and their benchmark group, as well as the
actual wage entrepreneurs could earn as salaried workers,
which is only observable in simulated data. I find that the
latter is, on average, 12% lower than that of the benchmark
group over the first ten years. Therefore, the model suggests
that the matching procedures underestimate the premium
among new entrepreneurs. Importantly, this bias does not
affect the structural estimation as long as the entrepreneurial
premium is measured in the same way in the actual and
simulated data.

5.3. Option value of exit

In this section, I define the option value of returning to
paid employment as the amount of money required to keep
entrepreneurs’ expected utility unchanged when removing
this option, that is, its certainty equivalent. Dropping indexes
to simplify the notation, the option value is the solution to the
equation
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Fig. 6: Predicted and Observed Income Trajectories. This graph reports the mean income of individuals becoming entrepreneurs
at time 0 and that of a benchmark group of paid employees constructed by matching. The income of entrepreneurs is defined as
the sum of wages (net of payroll taxes) and firm net income. It includes entrepreneurs who returned to paid employment. The left
plot reports simulated data from the baseline model using estimated parameters reported in Column (1) of Table 3. The right plot
reports the empirical counterpart. For empirical data, the matching algorithm takes into account sex, last occupation, age and
earnings received over each of the three years preceding the entrepreneurial spell. For simulated data, the matching procedure is
only based on age and the last three years of earnings. Shaded areas represent 95% confidence intervals estimated by bootstrap.

V.(W +Option Value, p, 6,1} —c0) = V(W pu,0,,1)).

(14)

I’y

in which the entrepreneur is prevented from finding a paid
job by imposing an infinite stigma on the persistent com-
ponent of labor income. Because expected utility is strictly
increasing in W and [, this equation has a unique solution
and can be solved numerically. As reported in Figure 7, the
mean option value of new entrants exceeds five times the
average national wage, representing 82,000€or 12 years of
unobserved benefits. Though the option’s value significantly
decreases over time, it remains sizable among older firms
because of permanent productivity shocks.

5.4. Counterfactual experiments

To further understand the model, I run counterfactual
experiments in which I remove certain mechanisms and
study how they affect the entrepreneurial sector and pre-
mium. Panel A of Table 4 reports the change in the num-
ber of entries, firms and their value added relative to the
baseline model. Panel B reports the premium received by
entrepreneurs over the first 10 years following the creation of
their firm, including and excluding entrepreneurs after they
returned to paid employment.

Permanent TFP shocks In Column (2), I eliminate perma-
nent productivity shocks by setting o, ; = 0. The potential
growth of successful firms is considerably reduced, making
the mean value added fall by 39.6% and reducing the earn-
ings differential between entrepreneurs and paid employees.

Initial uncertainty In Column (3), I assume that individ-
uals perfectly observe the initial heterogeneity in permanent
productivity. Specifically, I set initial uncertainty to zero
(63’2 « 0) but keep the total initial variance of productivity

constant ((73,1 « 03’1 + 05’2). In this counterfactual exper-
iment, individuals have less incentive to experiment with
entrepreneurship, but this reduces the number of new firms
by only 5%. Moreover, lower exit rates offset this effect such
that the number of firms does not change. The mean value
added is barely affected.

Unobserved benefits As shown in Column (4), removing
unobserved benefits reduces the number of firm creations
by 12.3% and the total number of firms by 27%. The av-
erage firm is substantially better, and the earnings differ-
ential between active entrepreneurs and their benchmark
group nearly doubles, jumping from 50.7% to 87.4%. These
findings illustrate the importance of unobserved benefits in
explaining the entry and persistence of apparently inefficient
entrepreneurs.

Exit option In Column (5), I assume that entrepreneurs
cannot return to paid employment when they fail. As a
result, entries are reduced by 16%. Interestingly, the earnings
differential between active entrepreneurs and their bench-
mark group barely changes because two opposing effects
offset each other. On the one hand, new entrepreneurs are
of better quality. On the other hand, unlucky entrepreneurs
experiencing large negative productivity shocks have to keep
running their firms.

Sylvain Catherine: Preprint submitted to Elsevier

Page 17 of 23



Keeping Options Open: What Motivates Entrepreneurs?

8 T T T T T T T T T T T
&
< 6 -
=
a0
b
<
= 4T .
a
.S
)
2}
Z ol _
X
0 I I I I I I I I I I I
0 1 2 3 4 5 6 7 8 9 10
Firm Age

Fig. 7: Option value. This figure reports the certainty equivalent of the option of returning to paid employment. The certainty
equivalent is estimated numerically by solving Equation (14) and is normalized by the average national wage (net of payroll taxes).
I simulate the baseline model using estimated parameters reported in Column (1) of Table 3, compute the option value for each

entrepreneur, and report its mean by firm age.

Unobserved benefits & Exit option Finally, Column (6)
combines the assumptions of Columns (5) and (6). Remov-
ing unobserved benefits and the option to return to paid
employment at the same time reduces the number of firm
creations by 42%. The combined effect is stronger than
the sum of individual effects because initial expectations
regarding permanent productivity are normally distributed.
Removing unobserved benefits or the option to return to
paid employment only discourages individuals to become
entrepreneurs if their beliefs fall in the left tail of the dis-
tribution, where density is low. Removing both moves the
threshold further right, where density is much higher, and
therefore discourages many more individuals to become
entrepreneurs.

5.5. Attitude towards entrepreneurial risk

This section shows that, in simulated data, a large frac-
tion of entrepreneurs would be better off with higher uncer-
tainty over productivity or larger permanent shocks. This
is especially the case for new entrants and entrepreneurs
about to close their firm, that is marginal entrepreneurs. Be-
cause of the option to return to paid employment, marginal
entrepreneurs are protected against downside risk, which
implies that uncertainty and permanent productivity shocks
only bring upside potential. These findings nuance the notion
that entrepreneurs need to be rewarded for bearing idiosyn-
cratic risk, which in turn explains why the model can match
the data with relatively small unobserved benefits.

From the entrepreneur’s point of view, the variance of
next year’s log productivity can be decomposed into three
components: prior uncertainty (ai’t) and permanent (ail)
and transitory shocks (652). To test whether entrepreneurs
are averse to the first two éomponents, I compute the change

in expected utility that would follow an increase of the
associated component of variance by A = 0.01. I assume this

change to be unexpected and to last only one year. I also re-
duce z by % to keep expected productivity E[e*] unchanged.
This adjustment is permanent and known from entrepreneurs
who correct their priors (¢) accordingly. Entrepreneurs are
averse to a component of variance if it reduces their expected
utility.

As reported in Figure 8, most of entrepreneurs who run
young firms or whose firm’s net income does not largely
exceed what they would make on the labor market are not
averse to either source of risk. In particular, 80% of en-
trepreneurs making less than they would in paid employment
actually like entrepreneurial risk and do not need to be com-
pensated for it. The right panel also supports the mechanism
described in Choi (2018): during recessions, potential wages
go down and entrepreneurs become more risk averse.

Vereshchagina and Hopenhayn (2009) also propose a
model in which marginal entrepreneurs are risk loving, but
the mechanism is clearly different as it relies on financial
constraints. In their model, entrepreneurship is more attrac-
tive than paid employment conditional on running a large
business. If his own resources are barely sufficient to finance
his business, the entrepreneur’s utility function is locally
convex in wealth, which encourages him to take on risky
projects.

6. Model extensions

This section reports how my structural estimates change
when the model is enriched to take into account collateral
constraints, labor market frictions, liquidation costs and per-
sonal income taxes. I also discuss how my results vary when
I assume different levels of relative risk aversion or when
agents have heteoregenous preferences. The option value in
these different specifications are reported in Figure 9.
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Table 4

Counterfactual Experiments

This table reports the effects of removing key model ingredients. In each counterfactual experiment, | simulate the model using
estimated parameters reported in Column (1) of Table 3. Panel A reports the relative changes on the number of firm creations,
the number of firms, and their mean and total value-added. Panel B reports the average percentage earnings differential between
entrepreneurs and a benchmark group of paid employees. This benchmark group is built by matching using age wages over the three
years preceding the entrepreneurial spell. The line “All entrepreneurs” takes into account those who returned to paid employment,
whereas "Active entrepreneurs” ignores entrepreneurs after their return to paid employment. In Column (2), permanent productivity
shocks are set to zero. In Column (3), | assume that entrepreneurs perfectly know their abilities before starting their firm. In
Column (4), unobserved benefits are set to zero. In Column (5), | assume that entrepreneurs cannot return to paid employment.
Finally, Column (6) combines the assumptions of Columns (4) and (5).

Removed Element

(1) (2) (3) 4) (5) (6)
Baseline Permanent Initial Unobserved Exit (4) & (5)
Shocks Uncertainty Benefits Option Combined
Panel A: Changes in Entrepreneurial Sector
Firm creations -1.5% -6.0% -9.9% -18.2% -39.5%
Firms -6.9% +0.0% -26.4% +8.9% -34.9%
Mean Value Added -39.0% +1.3% +23.8% -14.9% +10.9%
Total Value Added -43.2% +1.4% -8.9% -7.4% -27.8%
Panel B: Premium over first 10 years
All entrepreneurs 36.0% 26.3% 44.0% 46.5% 53.6% 99.8%
Active entrepreneurs 49.4% 35.7% 53.8% 84.3% 53.6% 99.8%
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Fig. 8: Attitude towards risk. These plots report the share of entrepreneurs who would have lower expected utility if (i) the
variance of permanent productivity shocks (ai]) or (ii) the uncertainty over their current productivity level (ai) were higher.
For each of these three sources of risk, | compute what the expected utility of each entrepreneur would be after an unexpected
A =0.01 increase in either 0'21 or 0'2 for one year. In each case, | adjust the current expectation of profitability u such that the
path of Z remains the same in expectatlon | say that entrepreneurs are averse to permanent shocks or prior uncertainty when
increasing it reduces their expected utility. The left panel reports the shares of risk-averse entrepreneurs by firm age. The right

panel reports these shares for each decile of firm net income, divided by potential earnings in paid employment.

which follows the modeling of many papers (Evans and
Jovanovic, 1989; Hennessy and Whited, 2005; Liu, Wang
and Zha, 2013; Midrigan and Xu, 2014). A simple way to
calibrate 9 is to match the mean (median) debt-to-capital

6.1. Collateral constraint
I start by introducing a collateral constraint in the model
by imposing

D;; <IK;;, (15)
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1. Preferences 2. Alternative specifications
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Fig. 9: Option Value — Robustness Tests. This figure reports the option value of returning to paid employment under different
model assumptions. The option value is estimated numerically by solving Equation (14) and normalized by the average national
wage. | simulate the baseline model using parameters estimated by SMM, compute the option value for each entrepreneur, and
report the mean by firm age. Panel A reports mean option values for different levels of relative risk aversion using parameters

reported in Table B.3. Panel B uses parameters reported in Table 3.

employed ratio which Davydenko and Franks (2008) esti-
mate at 0.65 (0.63) for small and medium French firms and
is consistent with my own findings. Because matching this
moment would require 9 > .65, estimating the model with
9 = .65 will give us an upper bound on how much our esti-
mates could be affected by collateral constraints. Moreover,
this value of § is in the range of the calibrated/estimated
values of previous papers. For example, Evans and Jovanovic
(1989) estimate 9 = .72 for US entrepreneurs, Midrigan and
Xu (2014) find 9 = .86 in South Korea, and Hennessy and
Whited (2005) find 9 = .59 for compustat firms.

As reported in column (5) of Table 3, estimated param-
eters do not change much relative to the baseline model.
In the model, low returns to scale explain the high Ebitda-
to-capital employed ratio. Because this ratio is also an in-
creasing function of financial constraints, introducing the
latter increases my estimate of a. The standard deviation of
permanent shocks is adjusted such that ¢, /(1 — a) does
not change much. Interestingly, matching the average age of
entrepreneurs now requires a lower p, which is not consistent
with collateral constraints explaining why individuals wait
until their 40’s to start businesses.

Finally, I find that introducing a collateral constraint does
not appreciably change the estimated value of the fall back
option .

6.2. Labor market stigma

Difficulties finding a new job when returning to the labor
market should theoretically reduce both entry and exit rates.
In Column (2) of Table 3, I assume that entrepreneurs receive
an additional shock of —0.2 to the persistent component of

their wage /; when they exit. This shock dissipates as in
Equation (9). To support this calibration of the labor market
stigma, Appendix Figure C.3 reports the income trajectories
of entrepreneurs who close their firm within three years.
Upon returning to paid employment, these entrepreneurs
earn 21% less than their benchmark group, a difference
which becomes statistically insignificant five years later. As
this friction makes it costly to exit, matching empirical exit
rates requires a higher level of initial uncertainty. For the
same reason, the model requires slightly smaller unobserved
benefits to explain the persistence of inefficient businesses.
Because initial uncertainty and unobserved benefits have op-
posite effects, the option value does not change significantly.

6.3. Irreversibility of investment

Another cost of returning to paid employment may arise
from the inability to recover the full value of capital. As
reported in Column (3), I find that introducing a fixed liqui-
dation cost equal to half of the national average wage affects
my results in the same way as the labor market stigma does.!”
I calibrate this transaction cost such that it represents 20%
of the average capital of firms in their penultimate year in
my baseline specification. There is substantial disagreement
regarding the value of resale losses in the literature: Cooper
and Haltiwanger (2006) estimate that liquidated assets are
sold at a discount of only 2.5% whereas Bloom (2009)’s
estimate is 34%.

171deally, the liquidation cost should be a fraction of the firm’s capital
but this would reduce the tractability of the model since capital would
become a state variable.
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6.4. Personal income tax

Because it is akin to change of scale, a proportional
income tax has no effect in a model with CRRA utility.
On the other hand, progressive taxes increase incentives
to undertake risky projects by providing insurance (Domar
and Musgrave, 1944) but can also discourage individuals
motivated by the option value of experimentation and un-
willing to share upside risk with the government. Column
(4) of Table 3 reports how structurally estimated parameters
change when progressive income taxes are introduced in
the model. I use the following tax schedule, which seeks to
replicate French personal taxes in 2017. Marginal tax rates
are:

0% if Income;; < 0.36
14% if0.36 < Income;; < 1.00

Marginal Tax Rate;, =4 30% if 1.00 < Income; < 2.69
41% if2.69 < Income; < 5.70
45% if5.70 < Income;,

(16)

I find that estimated unobserved benefits are now one
fourth smaller but must be interpreted in post-tax income
equivalent. Similarly, I also find the option value drops by
one fourth in the presence of progressive taxation.

6.5. Risk aversion

I also reestimate all parameters for different coefficients
of relative risk aversion, specifically y = 0.5,y = 1.5
and y = 2. Appendix Table B.3 shows that parameter
estimates are not overly sensitive to my calibration of y.
The estimated value of unobserved benefits is increasing in
risk aversion whereas estimated initial uncertainty decreases
with y. While economic theory predicts that the option value
should go up with risk-aversion, the change in these two
parameters is sufficient to offset that expectation.

6.6. Heterogeneous preferences

Finally, I reestimate the model assuming that agents have
different levels of relative risk aversion (In(y) ~ N (0,.5))
and patience (In(1 — ) ~ N (In(.04),.5)). Estimated un-
observed benefits and the option value of returning to paid
employment remain close to their baseline values.

6.7. Counterfactual experiments

In appendix Table B.4, I replicate the counterfactual
experiments reported in Table 4 for the different model spec-
ifications dissed in sections 5.1-5.6. Most of my conclusions
are robust across specifications and for different levels of rel-
ative risk aversion between 0.5 and 2. Unobserved benefits
are slightly less important when the model assumes that en-
trepreneurs face frictions when they return to paid employ-
ment, but my conclusion that the entrepreneurial premium
would be much larger without unobserved benefits still
holds. When entrepreneurs have difficulties returning to paid
employment, the model requires higher initial uncertainty to

explain empirical exit rates, which slightly reinforces the role
of initial uncertainty in explaining entrepreneurial entry.

7. Policy experiments

In this section, I use the model to investigate how policy
makers can promote entrepreneurship. Specifically, I look
at the partial equilibrium effect of policies seeking to (i)
facilitate returns to the labor market, (ii) reduce liquidation
costs and (iii) change the personal income tax schedule. To
evaluate the effects of removing the labor market stigma,
I use parameters estimated under the assumption that such
stigma exists and reported in Column (3) of Table 3. Sim-
ilarly, I use parameters reported in Columns (4) and (5)
to evaluate the effect of removing liquidation costs and
changing the tax schedule, respectively. Table 5 reports the
effects of these policies. Overall, my policy experiments
suggest that promoting entrepreneurship is difficult.

Removing labor market friction Facilitating returns to
paid employment increases the number of entrepreneurial
entries by 12.4% but reduces the total number of firms by
0.2% because entrepreneurs can now return to paid employ-
ment more easily. The mean value added of firms barely
moves (+0.6%), which is consistent with Hombert et al.
(2020)’s study of a 2002 French reform providing gener-
ous downside insurance for unemployed individuals starting
businesses. These authors find a very large effect on firm
creation (25%), but this effect is entirely confined to firms
without employees at creation.

Removing liquidation costs Countries with faster and
cheaper bankruptcy procedures have higher rates of en-
trepreneurial entry (Lee, Yamakawa, Peng and Barney,
2011). Similarly, column (2) of Table 5 shows that, in the
model, eliminating liquidation costs increase entrepreneurial
entry by 5%. However, the effect on the total number of
firms or their quality is small because the new firms are of
lesser quality, and lower liquidation costs make exits more
attractive. Overall, eliminating liquidation costs has a similar
effect as removing labor market friction but smaller because
the labor market friction is slightly more expensive than the
liquidation cost in my calibration.

Capping marginal tax rate at 30% for entrepreneurs A
2018 reform introduced the option for entrepreneurs to have
their dividends taxed at an overall rate of 30%, rather than
to pay the income tax rate implied by their income bracket. I
simulate a similar policy by capping the marginal tax rate of
entrepreneurs to 30%.'® This policy has very little effect on
entries, exits or the quality of firms. It only reduces taxes for
income above 2.7 times the national average wage, which is
slightly more than the earnings of entrepreneurs running 10
year old businesses. Hence, the policy focuses on successful
entrepreneurs and states of the world in which the marginal
utility of money is small due to risk aversion. This result

18See Bach, Bozio, Fabre, Guillouzouic, Leroy and Malgouyres (2019b)
for a detailed discussion of this reform.

Sylvain Catherine: Preprint submitted to Elsevier

Page 21 of 23



Keeping Options Open: What Motivates Entrepreneurs?

Table 5
Policy Experiments

This table reports how policy experiments affect the entrepreneurial sector in simulated data. In Columns (1) and (2), | report
the effect of eliminating labor market frictions and liquidation costs faced by entrepreneurs when they close their firms. | use
parameters reported in Columns (3) and (4) of Table 3 and estimated while taking these frictions into account. In Columns (3)
and (4), | report the effect capping the marginal income tax rate at 30% for entrepreneurs or moving to a proportional income
tax of 27.24%. The initial income tax schedule is detailed in Equation (16). In both cases, | use parameter reported in Column

(5) of Table 3 and estimated while taking into account progressive income taxes.

1) ) ®3) (4)

Removing Removing Capping Moving to a

Labor Market Liquidation Marginal Tax Proportional

Friction Costs Rate at 30% Income Tax
Number of entries +12.4% +5.0% +0.1% +1.3%
Number of firms -0.2% -0.1% +0.7% +3.7%
- VA < .1IM€ +1.1% -0.1% +0.6% +14.4%
- .1M€< VA < 5M€ -1.3% -0.2% +0.7% +1.4%
- BM€< VA < 1IM€ +0.8% -0.0% +0.9% +0.7%
- VA > 1M€ +0.9% +0.1% +1.0% +0.8%
Mean Value Added +0.6% +0.1% +0.0% -2.7%
Total Value Added +0.4% -0.0% +0.8% +0.9%

could change if some entrepreneurs were risk neutral or if
the distribution of TFP was highly skewed.

Moving to a proportional income tax In principle, pro-
gressive taxation can encourage risk-taking by providing in-
surance. Ex-post, successful risk-takers bear a greater share
of the tax burden than the less successful ones, which re-
duces risk ex-ante. Yet, Gentry and Hubbard (2000) find a
significant increase in entrepreneurial entry when tax rates
are less progressive. In the last policy experiment, I assume
that the progressive system is replaced by a proportional
income tax. I set the tax rate to 27.24%, which matches the
weighted average rate in the progressive system. I find that
moving to a proportional income tax increases the number
of firm entries, but by only 1.3%. In the model, potential
entrepreneurs do not value the downside insurance offered
by progressive taxation because they are already protected
by the option of returning to the labor market. In effect,
progressive taxation only reduces the upside potential of
entrepreneurship, and therefore does not encourage risk-
taking. The number of firms grows by 3.7%, but most of this
increase comes from small firms with value added below 100
thousand euros. Moving to a proportional income tax makes
entrepreneurship more attractive to workers who fell in the
lower income tax brackets under the progressive schedule.
The increase in their marginal tax rate makes unobserved
(and untaxable) benefits more valuable, relative to wage
earnings, encouraging entrepreneurship among low earners.

8. Conclusion

In this paper, I study whether job-creating entrepreneurs
are motivated by unobserved benefits or the option value
of experimentation. I find both to be equally important in
explaining why individuals become entrepreneurs and that
removing both would reduce the number of firm creations by
half. Unobserved benefits are also crucial in explaining the
cross-sectional difference in earnings between entrepreneurs
and paid employees. An important byproduct of my struc-
tural estimation is that entrepreneurs experience large per-
manent productivity shocks which generate a lot of option
value if entrepreneurs can return to paid employment and
are important in explaining the evolution of the firm size
distribution.

My model focuses on two trade-offs faced by potential
entrepreneurs: whether to work as paid employees or strike
out on their own, and, conditional on going it alone, whether
to invest in their own firm or in the risk-free asset. In reality,
however, entrepreneurs have several other alternatives to
entrepreneurial investment, including the option to invest in
public equity. Though entrepreneurial investment generates
higher returns than public equity, it is unclear whether that
premium is large enough to compensate entrepreneurs for
bearing more idiosyncratic risk (Kartashova, 2014). Future
research could answer this question by expanding the model
to allow stock market participation.
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Internet Appendix
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Sylvain Catherine®

A Model

A.1 Numerical solution

This section explains how the state and control variables of the problem are dis-
cretized on a grid and how the Bellman equation of the problem is solved numerically.

Discretization — The 5 state space and 2 control variables of the problem are dis-
cretized as follows. Financial wealth (/) is normalized by the average national wage
and takes values between 0.01 and 500. The grid is uniformly distributed between the
logs of these two bounds with a mesh size of A(w) = 0.1. The agent’s belief regarding
the log of his permanent productivity (1) takes 51 uniformly distributed values be-
tween -2 and 5. Simulations show that the agent never chooses to become/remain an
entrepreneur if 1 < —2. Uncertainty regarding permanent productivity is a determin-
istic function of firm age, which is discretized using 41 points between 0 and 40 year
old. I add three negative points to that grid: -3 denotes a former entrepreneur, while
-2 and -1 respectively represent paid employees without and with an entrepreneurial
idea, respectively. The persistent component of wages is discretized with 21 points
uniformly distributed between -3 and 3 standard deviations using Tauchen’s method.
The transitory component is similarly discretized with 11 points.

Consumption is determined by the choice of the subsequent value of wealth. Cap-
ital is discretized with 41 points as a fraction of the maximum investment the agent
can make: k... This maximum takes the minimum of two values. The first one is
the optimal capital for a risk-neutral and unconstrained agent. The second one is
the largest investment that the true agent can make without taking the risk of being
unable to consume at the end of the period, which would result in a utility of —oc.
Hence, the agent must have enough wealth to meet his liabilities if Z = 0. Therefore,
the value of £, is:

*The Wharton School
2453 Steinber-Dietrich Hall, 3620 Locust Walk
Philadelphia, PA, 19104
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[ [eB[Z]\TF 14—
Kinax(W, p1,0,,) = min { (ﬁ) N C T p—— W} (A.1)

where E[Z] is the expected value of Z from the agent’s point of view, that is E[Z] =
03*“5,1*"5,2

1+ 5

el
Resolution of the Bellman equation — The model is solved backward by dynamic
programming. Each year is split into two sub-periods.

a. In the second sub-period, the agent chooses her consumption and then receives
labor income shocks and entrepreneurial ideas (on the first day of the follow-
ing year). Using an apostrophe sign (') to denote evolving state variables, the
Bellman equation for this subperiod is:

¢
‘/;Jr%(Wv w, a, lla 1K>0) = ngX {% + 5EW+1(W,7 Cl,, O—/,M llla 1/2)}
with W =W -C
Iy ~ N (ply, 07,)
ly ~ N (0,07,)

(A.2)
and if « = —2 and with probability p:
a=a+1
o~ N (27 0371)
else: w=p
\ a =a
where « if firm age, C is chosen so that 1/’ is on the grid and ¢« = —2 indicates

that the agent has not yet had an entrepreneurial idea.

b. In the first sub-period, the agent chooses his occupation and how much to invest
in his firm if he chooses to be an entrepreneur. The Bellman equation for this
subperiod is:

r‘/t(vv’lu’a,ll,lg) :m[?X{E‘/t—&—%(WI,NI,aI,ll)}
with, if K >0: W =W+ (1—-7)(e*?K*—-46K)+r(W —K)

/ / z,1
,LL /“L U,L21+Uz,1+gz,2 ( M)

ad=a+1
2~ N (“7 Ui + 03,1 + ‘73,2)
and, if K =0: W' = (14 7)W +/O)Fh+l

(A.3)

ifa>0,d =-3elsed =a
po=p
 s.t. K=0ifa—3o0ora= -2
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where o, is a deterministic function of firm age a (see Equation (7)). I discretize

z using 41 points on the interval p + 3 x \/ o2+ 02,4+ 02, As there is no rea-

son to expect W’ and ' to be on the grid, I estimate the continuation value
|74 +%(W’, p',a’ 1) by interpolation. I interpolate the value function as follows.
First, I multiply V; by 1 — v if v > 0 and take the log. I interpolate the resulting
function with respect to log wealth and ;/. Finally, I take the exponential of the
result and divide it by 1 — v if v > 1. I find the optimal K in two steps. First, I
assume that the agent chooses to become entrepreneur (if he can) and solves for
the optimal K > 0. Under this assumption, I, is no longer a state variable, which
reduces the computational cost of solving for K*. I compute the optimal contin-
uation value for K* > 0 and compare it to the continuation value for K = 0. The
agent chooses entrepreneurship if the former is above the latter.

Simulation — I save the optimal policies from 25 to 65 years old and then simulate
the model. I initialize wealth at W = 0.1 and generate a random distribution for
the persistent component of labor income using its stationary distribution, that is

N <O, %) The simulation follows the timeline of Figure [2. Stochastic processes
are not discretized and optimal policies therefore need to be interpolated. This is
relatively straightforward for investment and consumption but not for the occupation
choice, which is a binary decision. While solving the Bellman equation, I save the
ratio of the continuation values of entrepreneurship and paid employment. If v > 1
(v < 1), the agent is better off as an entrepreneur if this ratio is below (above) one. I

use linear interpolation to estimate this ratio for the current coordinates of the agent.

A.2 SMM procedure

Global optimization routine — The SMM solves Equation (13) with respect to seven
parameters: B, 0,1, 0,2, 0.1, 0.2, D, 2. This is done using the following procedure,
inspired by the TikTak algorithm (Arnoud et al., 2019).

1. I start by delimiting the parameter space by assuming that B € [0;2], 0,1 € [0;1],
ou2 €10;1], 0.1 €[0;0.3], 0.2 € [0;0.4], p € [0;0.1] and z € [-0.5;0.5].

2. I draw a low-discrepancy (Halton) sequence of N points 6; within that space.
Then, from i = 1 to i = N, I run the following procedure:
(a) If i > 1, then 0; = 0;2' + (1 — z')6*, otherwise 6; = 6;.

(b) Using 6; as a starting point, run a local optimization to minimize the SMM
objective function. I use MATLAB’s implementation of the Nelder-Mead sim-
plex algorithm.

(c) If the result of the optimization is below #*, then replace 6* with the new
best.

(d) If i < N, go back to (a). Otherwise, 6* is the solution and the algorithm
stops.
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The idea of the algorithm is to run local optimizations using a large number of
starting points. As the algorithm progresses, new starting points get closer and closer
to the best solution found so far. The speed of convergence depends on =, which I set
to 0.95. I allow 250 evaluations of the objective function during local estimation steps
and set N = 100. This means that the model is solved approximately 25,000 times by
SMM. Solving the model takes approximately 2 minutes on a high-end graphic card
(Nvidia Tesla K80). In practice, I find that N = 10 is sufficient to get estimates very
close to the final solution. Almost all local minimization steps converge to the same
region and exceptions return much higher error functions. This makes me confident
that the procedure converges to the global minimum.

Standard errors — Standard errors are estimated as the square roots of the diagonal
elements of matrix (), which is defined as:

Q=79 ™

where (2 is the adjusted empirical variance-covariance matrix of targeted moments
and J is the Jacobian matrix of the simulated moments with respect to estimated
parameters. Because this SMM estimation uses plug-in parameters (p, 012,1a 022) esti-
mated directly from income data moments (v, v3,v5), the matrix €2 contains an ad-
justment for the errors in the first stage of the estimation. Specifically,

. [om "
Q:Qnoadj =
+{8v] {81}} ’

where Q™24 js the variance-covariance matrix of targeted moments in the second
stage (i.e., ignoring the first-stage errors), [0rn/0v] is the Jacobian matrix of mo-
ments with respect to the variances v = [v;, v3,v5]7, and = is the empirical variance-
covariance matrix of v[] The Jacobian matrices J and [0r/0v] are approximated
around the SMM estimate using forward finite differences with a spacing of 0.01.

IThis expression is technically an approximation of the fully adjusted matrix, which adds negligible
cross-product terms.

4 of 13



B Additional tables

Table B.1: Matching Quality

This table reports the balance between the sample of entrepreneurs and the benchmark group. Each
new entrepreneur is matched with an individual having the same previous occupation, gender and
labor force participation status over the previous three years. The final match minimizes the Maha-
lanobis distance in terms of age and earnings for each of the three years preceding the entrepreneurial

spell.
Mean Covariance matrices
Entrepreneurs Benchmark Entrepreneurs Benchmark
Age,, 40.49 40.35 78.5 72.6
Income;, 1 1.439 1.447 3.48 2.13 3.61 1.99
Income;, o 1.588 1.598 4.02 1.74 201 4.03 1.71 1.90
Income,, 3 1.610 1.626 446 161 178 2.05 469 158 172 1.87

Table B.2: Earnings and Exit rate Differences between Samples

This table reports earnings and exit rates for firms that hired at least one employee in the first year. In
Panel A, the sample is restricted to firms who paid their owner a wage in the first two years whereas

Panel B takes into account the full sample.

Age of firm
1 3 4 5 6 7 8 9 10
Panel A: At least one employee at creation and early wage to entrepreneur
Net Income + Owner’s Wage (k€) 129 16.6 195 233 259 283 279 26.6 304 326
(1.0) (1.00 (1.1) (1.2) (1.2) (1.3) (1.4) (1.4) (1.5) (1.6)
Exit rate (%) 58 81 86 79 173 66 61 61 62 59
(0.1) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1) (0.1)
Panel B: At least one employee at creation
Net Income + Owner’s Wage (k€) 10.1 13.3 16.8 20.1 23.5 26.0 26.2 282 304 325
(0.4) (0.4) (0.4) (0.4) (0.5) (0.5) (0.5) (0.6) (0.6) (0.7)
Exit rate (%) 73 97 93 87 82 74 69 68 69 65
(0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0)
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This table reports the sensitivity of my baseline parameter estimates to the coefficient of relative risk

Table B.3: Sensitivity of Parameter Estimates to Risk Aversion

aversion.
1) (2) 3) (4)

v=0.5 vy=1 v=1.5 v =2

B Unobserved benefit .330 .386 .395 .402
(.003) (.003) (.002) (.003)

0,1 Dispersion of priors 811 .696 712 .630
(.001) (.002) (.002) (.002)

0,2 Initial uncertainty .294 .485 477 512
(.002) (.002) (.002) (.001)

0.1 SD of permanent shocks .180 .183 .189 .182
(.000) (.000) (.000) (.000)

02 SD of transitory shocks .276 283 279 .280
(.000) (.000) (.000) (.000)

p  Arrival rate of ideas .043 .036 .039 .043
(.000) (.000) (.000) (.000)

z  Mean log productivity -.252 -.217 -.246 -.191
(.002) (.002) (.002) (.003)

a  Returns to scale .260 .260 .260 .260
(.001) (.001) (.001) (.002)

6 of 13



Table B.4: Counterfactual Experiments - Robustness Checks

This table reports the same counterfactual experiments as Table[d] In Panels I to III, I assume different
model specifications, for which estimated parameters are reported in Table

Removed Element
(1) (2) 3) 4 (5) (6)

TFP Uncertainty Benefits Option Combined
Shocks

Panel I: Labor Market Stigma

L.A: Changes in Entrepreneurial Sector

Firm creations -4.2% -12.6% -17.2% -19.7% -39.4%
Firms -8.0% -0.4% -25.2% +0.4% -35.2%
Mean Value Added -36.2% +2.1% +22.7% -11.4% +12.3%
Total Value Added -41.3% +1.6% -8.2% -11.0% -27.2%

1.B: Entrepreneurial Premium over first 10 years
All entrepreneurs 38.2% 31.3% 56.0% 54.7% 64.6% 105.5%
Active entrepreneurs 57.4% 47.0% 65.8% 93.8% 64.6% 105.5%

Panel II: Liquidation Costs
I1.A: Changes in Entrepreneurial Sector

Firm creations -3.7% -9.1% -13.9% -20.9% -39.6%
Firms -8.5% -0.2% -24.0% +3.3% -33.2%
Mean Value Added -41.2% +1.7% +21.2% -12.7% +9.7%
Total Value Added -46.2% +1.4% -7.9% -9.9% -26.7%

I1.B: Entrepreneurial Premium over first 10 years
All entrepreneurs 36.9% 28.2% 47.7% 49.2% 61.0% 100.5%
Active entrepreneurs 51.9% 39.1% 57.8% 84.3% 61.0% 100.5%

Panel III: Progressive Income Tax

III.A: Changes in Entrepreneurial Sector

Firm creations -1.6% -6.8% -11.3% -17.0% -40.4%
Firms -5.3% -0.0% -28.4% +8.1% -38.6%
Mean Value Added -40.1% +1.1% +25.9% -15.0% +13.5%
Total Value Added -43.3% +1.1% -9.8% -8.1% -30.3%

II1.B: Entrepreneurial Premium over first 10 years

All entrepreneurs 36.7% 26.1% 45.0% 48.7% 51.7% 103.7%
Active entrepreneurs 49.9% 34.9% 54.0% 87.2% 51.7% 103.7%
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Table continued

In Panels IV to VI, I assume different levels of relative risk aversion, for which estimated parameters

are reported in Table

Removed Element

) (2) 3) 4) (5) (6)

Baseline  Permanent Initial Unobserved Exit 4) & (5)
TFP Uncertainty Benefits Option Combined
Shocks

Panel IV: Collateral Constraint
IV.A: Changes in Entrepreneurial Sector

Firm creations -1.3% -6.0% -12.9% -17.1% -41.3%
Firms -5.5% -0.0% -30.2% +5.3% -40.3%
Mean Value Added -32.4% +0.7% +27.8% -13.0% +18.1%
Total Value Added -36.1% +0.6% -10.8% -8.3% -29.5%

IV.B: Entrepreneurial Premium over first 10 years
All entrepreneurs 35.7% 28.0% 43.5% 47.3% 49.5% 101.3%
Active entrepreneurs 48.1% 37.3% 52.3% 86.3% 49.5% 101.3%

Panel V: Relative Risk Aversion of Yy = 0.5
IV.A: Changes in Entrepreneurial Sector

Firm creations -2.1% -2.6% -16.8% -20.3% -40.8%
Firms -9.7% +0.1% -23.0% +8.9% -21.1%
Mean Value Added -38.0% +0.2% +20.9% -10.6% +10.0%
Total Value Added -44.1% -0.3% -6.9% -2.5% -13.3%

IV.B: Entrepreneurial Premium over first 10 years
All entrepreneurs 37.4% 29.2% 40.0% 53.8% 61.4% 101.3%
Active entrepreneurs 50.2% 39.1% 52.2% 83.1% 61.4% 101.3%

Panel VI: Relative Risk Aversion of v = 2
VI.A: Changes in Entrepreneurial Sector

Firm creations -1.7% -7.8% -7.2% -23.1% -41.7%
Firms -3.0% +0.1% -26.9% -5.7% -56.1%
Mean Value Added -40.7% +2.4% +22.0% -12.4% +14.3%
Total Value Added -42.5% +2.5% -10.8% -17.4% -49.9%

VI.B: Entrepreneurial Premium over first 10 years

All entrepreneurs 37.3% 25.8% 48.0% 45.8% 69.7% 117.5%
Active entrepreneurs 51.4% 35.1% 58.6% 83.6% 69.7% 117.5%
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Table continued

Removed Element

(1) (2) 3) (4) (5) (6)
Baseline  Permanent  Initial Unobserved Exit 4) & (5)
Shocks Uncertainty Benefits Option Combined
Panel VII: Heterogenous preferences

Panel A: Changes in Entrepreneurial Sector
Firm creations -2.7% -4.9% -14.8% -19.3% -42.3%
Firms -8.6% -0.1% -25.3% +5.8% -33.2%
Mean Value Added -41.9% +0.4% +21.5% -12.6% +12.6%
Total Value Added -46.9% +0.3% -9.2% -7.6% -24.8%
Panel B: Premium over first 10 years
All entrepreneurs 36.7% 25.4% 44.9% 50.8% 57.4% 103.4%
Active entrepreneurs 50.2% 32.5% 55.8% 84.7% 57.4% 103.4%

9of 13



C Additional figures

Figure C.1: SMM Fitness without key parameters

This figure reports all empirical moments targeted in my structural estimation as well as their sim-
ulated counterparts in the model either without unobserved benefits (B = 0), or without permanent
productivity shocks (o, ; = 0) or without initial uncertainty (o, 2 = 0). In each case, I reestimate the
model by SMM using the same set of empirical moments.
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Figure C.2: Bias of Matching Method in Simulated Data

This graph reports the mean income of individuals becoming entrepreneurs, that of a benchmark group
constructed by matching, and the true wage that entrepreneurs would have received as paid employees.
The model is simulated using estimated parameters reported in Column (1) of Table[3] The simulated
matching procedure is based on the last three years of wages.
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Figure C.3: Income Trajectories for Short Entrepreneurial Spells (<3 years)

This graph reports the income trajectories of entrepreneurs closing their firms in the first three years
and that of a benchmark group built by matching. The mean income of entrepreneurs is defined as the
sum of wages and net income. The matching algorithm takes into account gender, pre-entrepreneurial
occupation and wages received over the last three years.
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Figure C.4: Income Trajectories for Short Entrepreneurial Spells (<3 years)
relative to all Entrepreneurs

This graph reports the income trajectories of entrepreneurs closing their firms in the first three years
and that of all entrepreneurs. The mean income of entrepreneurs is defined as the sum of wages and
net income.
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Figure C.5: Validity of Ramdom Walk Assumption

This figure reports the standard deviation of log growth rates at different time horizons for ¢ = 5
year old firms. Growth rates are defined as logVA;;1, — logVA;;, where k is the time horizon in years.
Simulated data are generated using my baseline specification and parameters reported in Column (1)
of Table 3

0.7 T T T T T

—6— Model

06 —<&— Data
O Targeted

© ° o
w B 6]
T T T

I

SD of log(V A+ /V Ay)
o
N
T
1

0.1 N

0 I I I
1 2 3 4 5

Horizon in years

12 of 13



References

Arnoud, Antoine, Fatih Guvenen, and Tatjana Kleineberg, “Benchmarking
Global Optimizers,” Unpublished working paper, October 2019, (26340).

13 of 13



	Manuscript
	2100399R1_Internet_Appendices
	Model
	Numerical solution
	SMM procedure

	Additional tables
	Additional figures


