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1 Introduction

The seminal paper of occupational choice and firm size distribution of an economy is
Lucas (1978). Individuals have heterogenous one-dimensional abilities as entrepre-
neurs and choose between entrepreneurship and paid employment. The most talented
individuals become entrepreneurs and the less talented ones become workers. The
ability differentials across entrepreneurs give rise to different spans of control (firm
sizes). One of the main predictions of Lucas’ span-of-control model is that the mean
returns to entrepreneurship are significantly greater than average wages.

This prediction stands in contrast to empirical evidence on earnings of entre-
preneurs. The returns to entrepreneurship are, on average, not higher than wages—
the entrepreneurial earnings puzzle (Shane and Venkataraman 2000, Astebro et al.
2014). For example, Hamilton (2000) finds that after 10 years in business the median
entrepreneurial earnings are 35 percent less than those on a paid job of the same dur-
ation. Similarly, Moskovitz and Vissing-Jorgensen (2002) find that the mean returns
to entrepreneurship are not different from the return on a diversified publicly traded
portfolio-the private equity puzzle.! The returns to entrepreneurship are also highly
variable, more than wages, and more than the returns on public equity (Borjas and
Bronars 1989, Hamilton 2000, Moskovitz and Vissing-Jorgensen 2002). Hence, con-
trary to Lucas’ prediction, the mean returns to entrepreneurship are not greater than
average wages.

Moreover, research on entrepreneurs’ expectations shows that these are very op-
timistic about the future of their firms. In the U.S. manufacturing sector 61.5 percent
of all firms exit within five years (Dunne et al. 1988). However, 48.8 percent of a
sample of U.S. nascent entrepreneurs think that the likelihood of exit of their venture
is zero in five years time (Hyytinen et al. 2014). Another sample of US entrepreneurs
report the odds of their business ‘succeeding’ to be significantly higher than histor-

ically observed and substantially better than the odds of success for other similar

! This result was obtained for the 1989-1998 period. However, Kartashova (2014) shows that the
private equity puzzle does not extend to the 1989-2010 period.



businesses (Cooper et al. 1998). Direct comparison of entrepreneur expectations to
new venture outcomes shows that a representative sample of French entrepreneurs
tend to overestimate employment expansion and sales growth (Landier and Thesmar
2009). Yet another sample of U.S. nascent entrepreneurs overestimate the probabil-
ity that their projects will result in operating ventures and, for those ventures that
achieve operation, 62 percent overestimate future sales and 46 percent overestimate
the number of employees in the first year of operation (Cassar 2010). The evidence
also shows that entrepreneurs are more optimistic than employees (Arabsheibani et
al. 2000, Fraser and Greene 2006, Koudstaal et al. 2016) and expect to live about
2 years longer than non-entrepreneurs after controlling for differences in smoking,
race, and education-related mortality risk across groups (Puri and Robinson 2013).2

This paper uses a general equilibrium occupational choice model to study the
impact of optimism on the earnings of entrepreneurs and workers. We extend Lucas’
(1978) by assuming that a fraction of individuals is optimistic about their ability
as entrepreneurs. An optimistic entrepreneur overestimates the total factor pro-
ductivity of the firm he or she manages. The model shows that optimism leads to
a misallocation of talent and inputs which raises input prices and lowers output.
Hence, optimism lowers the mean returns to entrepreneurship and raises the mean
returns to paid employment. We calibrate the model to match salient features of the
U.K. economy and the British Household Panel Survey. The calibration shows that
optimism can account for more than half of the size of the entrepreneurial earnings
puzzle in the U.K.

Section 2 explains how our paper contributes to the literature on optimism and
entrepreneurship. The idea that optimism can be one of the forces contributing
to explaining the entrepreneurial earnings puzzle is not novel and dates back to

Kahneman and Lovallo (1993). A large body of existing studies on entrepreneurship

2The strongest cross-national covariate of an individual’s entrepreneurial propensity is whether
the person believes herself to have the sufficient skills and knowledge to start a business (Koellinger
et al. 2007). The probability of becoming an entrepreneur increases with a person’s confidence in

his/her ability to perform entrepreneurship related tasks (Cassar and Friedman 2009).



recognized this role of optimism and studies its implications. For example, de Meza
and Southey (1996), Bernardo and Welch (2001), and Dawson et al. (2014) argue
that the optimism of entrepreneurs can explain both the entry into entrepreneurship
and their comparatively low earnings. Our study differs from this literature in three
main ways. First, the particular formalization of the mechanism in this paper has
not been done in previous studies. Second, taking advantage of the general equi-
librium approach, it makes new testable predictions about the impact of optimism
on entrepreneurship, markets, and welfare. Third, it provides the first quantitative
assessment of what fraction of the entrepreneurial earnings puzzle can be explained
by optimism.

Section 3 sets up the model. Following Lucas (1978) we consider a closed eco-
nomy with a population of size N and a capital stock of K units of capital. Each
individual is endowed with one unit of labor, with capital stock K/N, and with a
one-dimensional ability § drawn from the cumulative distribution function G(#). In-
dividuals are risk neutral and maximize their expected returns by choosing between
being a paid employee or entering entrepreneurship and managing a firm. A firm
in this economy is one entrepreneur together with the labor and capital under his
control. The production function of the firm is characterized by decreasing returns
to scale and complementarity between inputs. The ability of the entrepreneur enters
into the production function as the total factor productivity. Decreasing returns to
scale in labor and capital ensure that the competitive equilibrium exhibits a non-
degenerate distribution of firm sizes. The model departs from Lucas (1978) by as-
suming that a fraction A € (0, 1) of individuals is optimistic about ability whereas the

remaining fraction 1 — \ is realistic.> Realists know their ability is § whereas optim-

3Chapter 2 of Parker (2009) discusses in detail the main extensions of Lucas’ (1978) model.
Kanbur (1979) studies the role of learning about ability on entrepreneurship. Kilhstrom and Laffont
(1979) study the role of risk aversion on entrepreneurship. Bewley (1989) considers the role of
uncertainty (or ambiguity) aversion on entrepreneurship. Jovanovic (1994) analyzes the joint role
of heterogeneous entrepreneurial and working abilities on entrepreneurship. Finally, Lazear (2005)

studies the role of entrepreneurial and specialist abilities on entrepreneurship.



ists think, mistakenly, that their true ability is v, where v > 1 measures optimism
intensity. The occupational choice of a realist is a standard one but the occupational
choice of an optimist is affected by his biased expectations. In other words, realists
who enter entrepreneurship know the true production function of their firms whereas
optimists believe their firms are more productive than they really are.

Section 4 solves the competitive equilibrium and shows that optimism has the
potential to explain the entrepreneurial earnings puzzle due to three channels. First,
optimism leads to a misallocation of talent: lower ability optimists crowd out higher
ability realists from entrepreneurship. This misallocation of talent lowers the average
ability of the pool of entrepreneurs and implies that the lowest ability entrepreneurs
are less talented at running a firm than the highest ability workers. Second, optimism
leads to a misallocation of inputs: optimistic entrepreneurs hire an excessive amount
of labor and capital in relation to their true ability. Third, optimism raises input
prices: (i) optimism raises the equilibrium wage since it expands labor demand and
contracts labor supply, and (ii) optimism raises the equilibrium rental cost of capital
since it expands capital demand and capital supply is exogenous.* These three
channels lower the mean returns to entrepreneurship and raise the mean returns to
paid employment.

Section 5 calibrates the model. The technology parameters are calibrated to
match salient features of the U.K. economy and the British Household Panel Survey
(BHPS). Note that the model implies a direct link between entrepreneurial ability
and firm size, measured by employment. More precisely, when ability follows a Pareto
distribution with a shape parameter p, then firm size follows a Pareto distribution
with shape parameter £ = p(1 — 1), where 7 is the degree of decreasing returns to
scale. We use the BHPS firm size distribution to estimate ¢. The parameters 1 and p
are calibrated using steady-state values for the U.K. economy, to satisfy £ = p(1—n),
and the percentage of workers in the BHPS data. The intensity of optimistic beliefs

4The effects of optimism on the misallocation of talent and on input prices are similar to those
of some firms receiving a sales subsidy in models with firm-specific distortions (Restuccia and

Rogerson, 2008). Such firms employ more inputs, and this bids up input prices.



v is calibrated using Cassar’s (2010) measure of nascent entrepreneurs’ optimism
which compares first-year sales expectations to ex-post realizations. The fraction
of optimists A is calibrated by imposing that the equilibrium share of optimistic
entrepreneurs matches the share of self-employed in the U.K. who are optimistic
about their firms at start-up (taken from Fraser and Greene 2006). The calibration
shows that the model with optimists can account for about more than half of the size
of entrepreneurial earnings puzzle in the U.K. This indicates that while optimism can
explain a large part of the puzzle, there are additional factors behind it.

Section 6 discusses the robustness of our findings to a number of extensions: if
the return to entrepreneurship is stochastic rather than deterministic; if individuals
have heterogeneous abilities both as workers and as entrepreneurs; if the occupational
choice is extended to consider also firms run by owners without employees; if the
economy is composed by a corporate and a non-corporate sector. Section 7 concludes
and provides the main policy implication of our results. Proofs of propositions and

sensitivity analyzes are available in the Online Appendix.

2 Related Literature

This section explains how our paper contributes to the literature on optimism and
entrepreneurship. First, we discuss alternative explanation to the entrepreneurial
earnings puzzle. Second, we review related work on the impact of optimism on

entrepreneurship, markets, and welfare.

2.1 Alternative Explanations

Besides optimism, a number of competing explanations have been proposed to ac-
count for the entrepreneurial earnings puzzle: heterogeneity in risk preferences, neg-

ative correlation between entrepreneurial and working skills, non-pecuniary benefits,



underreporting of entrepreneurial earnings, labor market frictions, and learning.’

Kilhstrom and Laffont (1979) study the role of risk aversion in a general equilib-
rium model of occupational choice and show that less risk averse individuals become
entrepreneurs while more risk averse individuals become employees. Heterogeneity
in risk preferences among individuals seems a plausible explanation for this puzzle.
However, there is little empirical evidence supporting this explanation since entre-
preneurs’ risk attitudes are found to be indistinguishable from those of wage earners
(Wu and Knott 2006, Parker 2009, Holm et al. 2013, and Koudstaal et al. 2016).

Jovanovic (2019) provides another alternative explanation. If entrepreneurial
skills and working skills are negatively correlated in the population of individuals,
then the mean returns to entrepreneurship can be less than the wage. However, the
empirical evidence supports the assumption that entrepreneurial and wage-working
abilities are positively correlated (Murphy et al. 1991, Javanovic 1994, Braguinsky
et al. 2011).

Non-pecuniary benefits is another potential explanation for the puzzle (Hurst
and Pugsley 2011, Astebro et al. 2014). This explanation is compelling given that
many entrepreneurs persist despite the possibility of earning more in wage work.
Furthermore, non-pecuniary benefits imply the existence of small, old firms, and
are identified in the literature (see, for example, Jones and Pratap 2020). Online
Appendix C solves an calibrates a general equilibrium model of occupational choice

where half of the population derive non-pecuniary benefits from entrepreneurship.

5 Astebro and Chen (2014) review the key findings regarding the returns to entrepreneurship
and summarize them into six stylized facts: (1) entrepreneurs earn less than employees, (2) earn-
ings for entrepreneurs show a larger variance and larger positive skew, (3) entrepreneurs have a
flatter earnings-tenure profile than do wage workers, (4) there is both positive and negative selec-
tion into entrepreneurship, (5) entrepreneurs work more hours than wage workers, and (6) many

entrepreneurs persist despite the possibility of earning more in wage work.
6 According to Astebro et al. (2014) “(...) the evidence that entrepreneurial entry can be

explained by a group of people with very different general risk attitudes than the general population
is quite mixed and inconclusive. Some studies suggest that those who start firms are more risk

seeking, but others find no association.”



When non-pecuniary benefits are additive (Jones and Pratap 2020), the model is able
to account for between one tenth and one fourth of the size of the entrepreneurial
earnings puzzle in the U.K. When non-pecuniary benefits are multiplicative (Benz
2009, Harsman and Mattsson 2020), the model is able to account for at most one
tenth of the size of the entrepreneurial earnings puzzle in the U.K.

Another potential explanation for the puzzle is earnings underreporting by entre-
preneurs (Pissarides and Weber 1989, Hurst et al. 2014, Astebro and Chen 2014).
Pissarides and Weber (1989) use British household food expenditures to infer under-
reporting and find that households with an entrepreneur underreport their household
income by 35 percent. Astebro and Chen (2014) use food consumption data from
U.S. households to infer underreporting by entrepreneurs and find that, after correct-
ing for underreporting, the mean financial gain to entrepreneurship is positive and
large, greater than 42 percent.” However, the size of the entrepreneurial earnings
puzzle in the U.K. reported in Section 4 casts doubt on this explanation: the size
of underreporting of earnings by entrepreneurs would have to be extremely large to
account for the size of the puzzle.

Labor market frictions is yet another explanation for the puzzle (Astebro et al.
2011). According to this explanation wages are not always properly matched to abil-
ity and frictions are the highest at the tails of the wage distribution. This implies that
those with the lowest and highest abilities are more likely to enter entrepreneurship.
However, as Astebro et al. (2011) point out, the model cannot explain the fact that
wage workers, on average, earn no more after entering entrepreneurship.

Finally, according to the learning explanation individuals do not know their abil-
ity as entrepreneurs and enter entrepreneurship to learn it; those who are more able
remain as entrepreneurs, while those who are less able leave entrepreneurship for
wage work (Vereshchagina and Hopenhayn 2009, Campanale 2010, Poschke 2013). In
Vereshchagina and Hopenhayn (2009) entrepreneurship is risky and paid employment

"However, Astebro and Chen (2014) argue that this estimate is build on questionable model as-
sumptions and conclude that underreporting cannot adequately explain the stylized facts regarding

entrepreneurial earnings.



provides a fixed outside option. Individuals face financing constraints and because of
them they take more risk at low wealth levels than at high wealth levels. The model
shows that the combination of occupational choice and financing constraints can
lead entrepreneurs to display risk-taking behavior. Hence, entrepreneurs operate in
an environment that leads them to engage in risky investment even in the absence of
a return premium. Campanale (2010) shows that entry and private equity allocation
for the majority of entrepreneurs can be rationalized even with negative expected
premia on individual business investment. Since individuals can switch back to paid-
employment, they find it worthwhile experimenting with entrepreneurship to find
out if the project is good even if initially the expected return is low. The model also
quantifies the amount of risk premia that would justify entry into entrepreneurship
in this environment, and finds that it is substantially larger than what is seen in
the data. In Poschke (2013) individuals differ in their efficiency as workers and in
the productivity of the firms they start. Whereas efficiency as a worker is known,
the productivity of entrepreneurial projects can only be found after implementing
them. The model shows that the option to abandon bad projects attracts low-ability

individuals into entrepreneurship.

2.2 Other Related Studies

More broadly, our study contributes to the literature on the consequences of optimism
for entrepreneurship, markets, and welfare. This literature can be divided into studies
which use a partial equilibrium approach (de Meza and Southey 1996, Manove and
Padilla 1999, Coval and Thakor 2005) and those, like ours, which use a general
equilibrium approach (Manove 2007, Bachmann and Elstner 2015).

In de Meza and Southey (1996) individuals choose between working in a safe
occupation or undertaking a project with a risky return. Entrepreneurs must select
the right mix of self-finance and debt-finance from risk neutral banks to develop
their projects. All individuals have the same ability or probability of success of

their projects. Banks and realistic entrepreneurs know a project’s true probability of



success but optimistic entrepreneurs overestimate it. Banks can distinguish between
optimists and realists. The model shows that optimists become entrepreneurs, select
maximum internal finance, any form of external finance is a standard debt contract,
and that optimism can lead to excessive lending.

Manove and Padilla (1999) study the role of optimism on investment and on the
credit market but, unlike de Meza and Southey (1996), assume that banks cannot
differentiate optimists from realists. The model shows that, in the presence of optim-
ists, perfectly competitive banks may be insufficiently conservative in their dealings
with entrepreneurs, even if entrepreneurs themselves may practice self-restraint to
signal realism. In addition, the presence of optimists also implies that the use of
collateral requirements by banks may reduce the efficiency of the credit market.

Coval and Thakor (2005) study the role of optimism and pessimism on financial
intermediation. They consider a model where individuals do not have enough wealth
to self-finance a project. Realists correctly assess a project’s probability of success,
optimists overestimate it and pessimists underestimate it. The model shows that
realists form a financial intermediary that raises funds from pessimists (who become
investors in the intermediary) and lends to optimists (who become entrepreneurs).

In Manove (2007) individuals are either realists or optimists and choose whether
they become entrepreneurs or workers. Entrepreneurs start their business with an
initial stock of capital, which can be used for consumption or for production. There
is no external market for capital. Entrepreneurs hire labor from a perfectively com-
petitive market, and the difference between production, net of the cost of labor, and
consumption adds up to the stock of capital. The model shows that optimistic entre-
preneurs may stay in business in the steady state. In addition, by bidding up wages,
optimistic entrepreneurs increase the welfare of workers and decrease the welfare of
realistic entrepreneurs. The effect on output is ambiguous: the overutilization of ex-
ternal resources (labor) reduces output, while the overutilization of internal resources
(savings) increases output.

Bachmann and Elstner (2015) assess the economic significance of optimistic and

10



pessimistic biases of firms on the lifetime utility of a representative household. In
their model, as in ours, firms have to decide about their production inputs before
they know their productivity level in a given period. Consequently, any expectation
biases will lead to input misallocations. They calibrate the model using microdata
from the German IFO Business Climate Survey and find that expectation biases

create welfare losses of at most 0.2 percent of consumption.

3 Set-up

The economy consists of a continuum of risk-neutral individuals. The population is
of size N and the capital stock is of K units of capital. Individuals derive utility
from consumption and can earn income either as workers or by running their own
firm. Each individual is endowed with 1 unit of labor, with capital stock K/N, and
with a one-dimensional ability ¢ drawn from the cumulative distribution function
G(#) with support on [f,,,00), with 0 < 6,, < co.

If an individual with ability € becomes a worker he supplies his unit of labor on
the labor market, receives the competitive wage w for his unit of labor, and receives
the competitive rental rate of capital for renting his capital K/N. Hence, a wage
worker ends up with an income

w+rK/N.

If an individual with ability # becomes an entrepreneur he can use without cost

a technology defined by the continuous production function

y=0f(k),

where y is output, [ is labor, and k is capital. Following Lucas (1978), # enters into
the production function as the total factor productivity (TFP). Any individual can
run at most one firm. We assume that f is twice continuously differentiable with
fi>0, fr >0, fy <0, frr < 0. This production function combines as inputs one

entrepreneur, who is essential to operate the firm, [ homogeneous employees, and k
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units of homogeneous capital. The production function exhibits decreasing returns
to scale in the variable inputs, labor and capital, so that the competitive equilibrium
exhibits a non-degenerate firm size distribution. This assumption implies that the
size of firms is finite. This could be due for instance to limits in entrepreneurs’ span
of control: as activity expands, it becomes more difficult to control, and the marginal
product of the variable inputs diminishes.

Entrepreneurs hire labor at the competitive wage rate w and rent capital at the
competitive rental cost of capital r. Hence, an entrepreneur who employs | workers

and rents k units of capital earns a profit of
(0, w,r) =pof(l, k) —wl+r(K/N —k).

Individuals can belong to one of two types: optimists and realists. A fraction
A € (0,1) of the population is optimistic about their ability as entrepreneurs and a
fraction 1 — X\ is realistic. The perceived profit of an entrepreneur who employs [

workers and rents k£ units of capital is
w(v0,w,r) =py0f(l, k) — wl+ r(K/N — k), (1)

where v > 1. The parameter v measures the strength or intensity of overestimation
of TFP. Entrepreneurs with v = 1 are realists and those with v > 1 are optimists.
An optimistic entrepreneur overestimates the TFP of the firm he or she manages.
The greater v is, the more optimistic entrepreneurs overestimate their TFP. This is
a standard way of modeling optimism which has been used in several studies on the
effects of optimism on economic decisions (e.g., Bénabou and Tirole 2002, Bénabou
and Tirole 2003, and Manove 2007).® The distributions of entrepreneurial ability of

8This specification is analytically tractable. Furthermore, under it overestimation of TFP co-
incides with optimism about future profits. The TFP parameter 6 can be reinterpreted as the
firm’s mean TPF in a risky setting where an entrepreneur’s skill is stochastic. For example, sup-
pose 0 can be either low, 6, or high, 0y, with 0 < 0 < 6y. When the entrepreneur has low
skill, the firm generates profits 7, = plr f(k,l) — (wl + rk). When the entrepreneur has high
skill, the firm generates profits 7y = pfp f(k,1) — (wl + rk) Thus, the firm’s expected profit is

12



realists and optimists are assumed to be identical and independent. From now on
the price of output p is normalized to be 1.

An individual who becomes an entrepreneur will employ [(+0; w, r) workers and
k(~0;w,r) units of capital where [(v0;w,r) and k(v0;w,r) are the values of [ and k
that solve the following problem

Irll%x[yﬁf(l, k) —wl 4+ r(K/N — k).
The first-order conditions to this problem are

V0fill, k) = w. (2)

and
VO fi(l, k) =1 (3)

It follows from (2), the assumption of decreasing returns to labor, f; < 0, and
complementarity between ability and labor, i.e., fig > 0, that entrepreneurs with a
higher 6 hire more workers: 0l(v0,w,r)/00 = —~vfi9/fu > 0. Similarly, it follows
from (3), the assumption of decreasing returns to capital, frr < 0, and complement-
arity between ability and capital, i.e., fyy > 0, that entrepreneurs with a higher ¢
hire more capital: 0k(v0,w,r)/00 = —v fro/ fex > 0. It also follows from (2) that an
optimistic entrepreneur will demand more labor than a realist with the same abil-
ity. Similarly, it follows from (3) that an optimistic entrepreneur will demand more
capital than a realist with the same ability.

A realist with ability 6 chooses to become a worker at wage w and rental cost of

capital » when

Of(1(0,w,r), k0, w,r)) —wl(l,w,r) —rk(d,w,r) < w. (4)

E(n) = pE(9)f(k,1) — (wl + rk). If an optimistic entrepreneur overestimates the probability of
having high skill by € > 0, then his mean perceived skill is Eo(0) = E(0) + A0 = vE(6), where
v =1+4e/A0/E(0), and his perceived expected profit is Fo(w) = pyE(0) f(k,1) — (wl + rk). Hence,

an entrepreneur who overestimates TFP is isomorphic to one who overestimates future profits.
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He selects to be an entrepreneur if
Hf(l(ﬁ, w, T'), k(ea w, T)) - wl(ea w, 7”) - Tk(07 w, T) > w, (5)

and he is indifferent if the equality holds in (4) and (5).° An optimist with perception
of ability 76 chooses to become a worker at wage w and rental cost of capital is r
when

FOF(L(~vO,w,r), k(v0,w,r)) — wl(v0,w,r) — rk(y0,w,r) < w (6)

He selects to be an entrepreneur if
79f(l(’y¢9, w, T), ]{7(’)/9, w, ’I")) - wl(’yea w, ’I") - 7“]{?(’)/0, w, ’T‘) > w, (7)

and he is indifferent if the equality holds in (6) and (7). Note that the model assumes
that when an individual makes an occupational choice, he is able to correctly forecast
the equilibrium input prices. The equilibrium input prices depend, among other
things, on the fraction of optimists and the intensity of optimistic beliefs. Hence,
the model assumes that all individuals know that fraction A of the population is
optimist and that optimists overestimates their TFP by v. However, the perceptions
of realists and optimists differ. A realist with TFP 6 thinks, correctly, that his
TFP is 6. Furthermore, a realist thinks correctly, that there are optimists in the
population and thinks, correctly, that he is a realist. In contrast, an optimist with
TFP 6 thinks, incorrectly, that his TFP is v#. Furthermore, an optimist thinks,
correctly, that there are optimists in the population but thinks, incorrectly, that he
is not an optimist.

Since there are only three markets—output, labor, and capital—by Walras’ Law,
general equilibrium is realized when the labor and capital markets clear. At the
equilibrium wage, the labor demanded by entrepreneurs equals labor supplied by
workers. At the equilibrium rental cost of capital, the capital demanded by entrepre-

neurs equals the exogenous capital stock of the economy K. Formally, a competitive

9The term rK /N cancels out because an individual receives the rental price of his K/N unit of

capital both when he decides to be a worker and an entrepreneur.
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equilibrium is (i) a partition {0, O], [0r, 00)} of [0, 00) Where for all 8 € [6,,, O]
(4) holds and for all § € [0z,00) (5) holds, (i) a partition {[0,.,00], [0, o0)} of
[0, 00) where for all § € [0,,,, 6] (6) holds and for all 6 € [0, o0) (7) holds, (iii) a

wage w for which labor demand equals labor supply

(1—1) / 1(0,w,7)dG(6) + / 1(v0,w, r)dG(0) = [(1 — N)G(0R) +)\G(§O)] .
0 0
(8)
and (iv) a rental cost of capital r for which capital demand equals the exogenous

capital supply
N {(1 _ ) /Oo k(0, w, r)dG(0) + A/oo k(y@,w,r)dG(Q)} _K )

In equilibrium, realists with ability below Or become workers whereas those with
ability above 0r become entrepreneurs. Similarly, optimists with below 0o become
workers whereas those with ability above 6o become entrepreneurs. We refer to a
realist with ability Or as the marginal realistic entrepreneur. We refer to an optimist

with ability fo as the marginal optimistic entrepreneur.

4 Competitive Equilibrium

In this section we determine the competitive equilibrium under a generalized Cobb-
Douglas production function with decreasing returns to scale and a Pareto distribu-
tion of ability.'°

The production function is y = 0l1°k®, with § > 0, o > 0, 8 > 0, and o +
B = n < 1. Hence, the variable inputs, labor and capital, are combined under
a generalized Cobb-Douglas production function with decreasing returns to scale.
This is a standard assumption in general equilibrium models of occupational choice
with heterogeneous ability (Evans and Jovanovic 1989, Murphy et al. 1991, de Meza
and Southey 1996, Manove 2007, Poschke 2013, Bachmann and Elstner 2015).

10The proofs of all results are available in Online Appendix A.
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The Pareto distribution has been shown to provide a good approximation for firm
size distributions (Axtell 2001, Helpman et al. 2004, Rossi-Hansberg and Wright
2007, Luttmer 2007). Since Lucas (1978) produces a size distribution for firms that
inherits the properties of the distribution of ability in the population, we solve the
model assuming that ability is distributed according to a Pareto cumulative distri-
bution: Y.

G)=1- (77”) : (10)
with 6 > 0,, > 0 and p > 0, where p is the shape parameter and 6,, is the scale
parameter that marks a lower bound on ability. The density is given by ¢(f) =
p0” 6=°~'. Furthermore, the mean and variance are equal to E(6) = 0,,p/(p—1) and
V(0) = 62 p/(p—1)%(p — 2), respectively. Hence, the mean exists as long as p > 1
and the variance exists as long as p > 2.

The perceived profit of an entrepreneur with ability 6 and perception of ability
0 is

7(v0,1, k) = v01°k° — wl + r(K/N — k), (11)

where v > 1. Hence, an entrepreneur with perception of ability 76 chooses to employ

[ workers and k units of capital where [ and k are the solution to
max [V01°K® — wl + r(K/N — k)] .

The first-order conditions are ay9l® 'k® = w and B~0I°k°~! = r. Solving for [ and

k we obtain the input demands:

iat.r) = 0o (27 (£)7, (12)
and

ot wr) = (o (2)77 (2) = (13)

w r
The input demands determine the size of the firm given the ability of the entre-

preneur, the wage, the rental cost of capital, and the entrepreneur’s perception of
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ability. We see from (12) and (13) that entrepreneurs’ input demands are greater
among those with higher ability #. That is, more talented entrepreneurs run larger
firms than less talented entrepreneurs, irrespective of whether firm size is defined in
terms of labor or capital. We also see from (12) and (13) that, for a given ability
level, optimists (those with v > 1) run larger firms than realists (those with v = 1).
Substituting (12) and (13) into (11) and we obtain the perceived reduced form profit

of an entrepreneur:

()7 ok 0

1 1 a 127
0’ , — 1779177 1_ (_) !
(0, w,r) === (1 =) ( .

We see from (14) that the assumption of decreasing returns to scale, i.e., n € (0, 1),
implies that the perceived reduced form profit of an entrepreneur is an increasing

and convex function of #. The returns to paid employment are

+ K (15)
w+r—
N

The ability of the marginal realistic entrepreneur, 0 R, is obtained by setting v = 1 in
(14) and equating this to (15). Hence, a realist with ability 0 is indifferent between
being an entrepreneur and a worker when

0T (1 — ) (%)1 (é> = — w. (16)

r

The ability of the marginal optimistic entrepreneur, @O, is obtained by equating (14)
to (15). Hence, an optimist with perception of ability 'y@o and ability 0o is indifferent

between being an entrepreneur and a worker when

(g)tw. an

Since the perceived reduced form profit of an entrepreneur is an increasing and

o1 a
g (1 =) ()

convex function of 6 it follows from (16) and (17) that there exist a unique ability

cut-off between realistic entrepreneurs and realistic workers—x is unique—and an

17



unique ability cut-off between optimistic entrepreneurs and optimistic workers—f is

unique. In addition, it follows from (16), (17), and v > 1 that:

éo = — < éR, (18)
g

i.e., the marginal optimistic entrepreneur has a lower ability than the marginal real-
istic entrepreneur. This results holds regardless of the ability distribution and implies
that optimists are more likely to become entrepreneurs than realists.!! This is in line
with Puri and Robinson (2007) who find that optimism is an important determinant
of self-employment after controlling for a range of family, demographic, and wealth
characteristics. Inequality (18) also implies that entrepreneurs are more likely to
be optimists than workers.!? This result is valid no matter the ability distribution
and is in line with the empirical evidence in Arabsheibani et al. (2000), Fraser and
Greene (2006), and Koudstaal et al. (2016).'3

Equations (8), (9), (16), and (17), form a system of four equations and four
unknowns (93, 90, w, r) which defines a unique competitive equilibrium. Solving
(16) and (17) for the unique cut-offs f; and fp and substituting these into (8)

' The probability an optimist becomes an entrepreneur is Pr(E|O) = Pr(ENO)/Pr(0) = A(1 —
G(00))/X =1 — G(0o). The probability a realist becomes an entrepreneur is Pr(E|R) = Pr(E N
R)/Pr(R) = (1—)\)(1—G(9R))/(1—)\) = 1—G(9R). It follows from (18) that Pr(F|O) > Pr(E|R).

12 . o . Eo _ A(lfG(éo)) )
The fraction of optimistic entrepreneurs is ?qual to =2 NGl M 1-C0))’ and the
. s s s ) L . )\G(@()) .
fraction of optimistic workers to 52 = =N C0R) CBa) It follows from (18) that Fo/FE > Lo/ L.

13 Arabsheibani et al. (2000) compare entrepreneurs’ and employees’ expectations of future
prosperity to actual outcomes using a sample from the BHPS during the years 1990-1996. They find
that entrepreneurs are 4.6 times as likely to forecast an improved financial position but experience
a deterioration than to forecast a deterioration but experience an improvement. In contrast, for
employees the ratio was only 2.9. Fraser and Greene (2006) find that self-employed Britons have
higher income expectations than employees during the years 1984-99, but the difference diminishes
with experience. Koudstaal et al. (2016) run a lab-in-the field experiment in the Netherlands and
find that 58 percent of entrepreneurs can be classified as ‘very optimistic,” i.e., have a score of 18
or more in the Revised Life Orientation Test, a commonly used measure of dispositional optimism.

In contrast, only 32 percent of employees can be classified as ‘very optimistic.’
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and (9) we obtain the unique equilibrium vector of input prices (w*,r*). Finally,
from (93, b0, w*, 7*) we obtain the equilibrium output level Y*. The existence and
uniqueness of the equilibrium, a standard result in Lucas (1978), is not affected by

the presence of optimists. Proposition 1 describes the competitive equilibrium.

Proposition 1: If the production function is a generalized Cobb-Douglas with de-
creasing returns to scale, i.e., y = O1°k?, with a > 0, B > 0, and a + < 1,
entrepreneurial ability is distributed according to a Pareto cumulative distribution,
i.e., G(O) =1— (0,,,/0)" for 0 > 0, >0, where p > 1/(1 —n), and

1—)\+)\fyp> p(l—n)—1
v o T pl=pf) -1

then there exists a unique competitive equilibrium where the marginal realistic entre-

(19)

preneur has ability

S

Or = Op(1 — A+ \y°)7 {%} : (20)

the marginal optimistic entrepreneur has ability

o (=AM [p(1=p)—1
b0 =bm v {p(l—n)—ll

o=

the wage is
L [p(1—B)—1]7 [N -
R N e P R
the rental cost of capital is
[pl=p) =17 [N 8p 7
= 0,037 (1 =) (1= X+ M) { 1 } { } -
p
and output is

Y* = 0,07 (1 — ) NI LA N {p(l ~8) - 1]p { p T—B‘
(1—X+ )\W/P)I*% p(1—pB)—1
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The proof of Proposition 1 as well as those of the Propositions 2 and 3 can be
found in Online Appendix A. Assumption (19) implies that the marginal optimistic
entrepreneur has ability greater than the lower bound for ability 6,, and thus ensures
that the competitive equilibrium is well defined. Equations (20) and (21) show us
that the existence of optimists leads to a misallocation of talent. In a competitive
equilibrium without optimists (where A = 0 or ¥ = 1) the marginal entrepreneur has
ability

p1-p)—177
m} ’

which implies that individuals with ability [6,,, 0] become workers and individuals

éo_em{

with ability [90, o0) become entrepreneurs. Hence, in the competitive equilibrium
without optimists the ablest people become entrepreneurs. In a competitive equilib-

rium with optimists we have
0,, < 0o < 0y < Og, (25)

that is, realists with ability [6,,, 0 r) and optimists with ability [6,,, 90] become work-
ers whereas realists with ability [, c0) and optimists with ability [0, c0) become
entrepreneurs. Hence, the presence of optimists replaces some above the benchmark
cutoff 6 realistic entrepreneurs by some below the benchmark cutoff fo optimistic
entrepreneurs. Note that this crowding-out effect does not affect the ablest people.
In addition, in a competitive equilibrium with optimists, the income distributions
of workers and entrepreneurs have overlapping supports. This happens because the
lowest ability entrepreneur (an optimist with ability @O) is less talented at running
a firm than the highest ability worker (a realist with ability 6z). This is an empiric-
ally attractive implication of the model since, in reality, the return distributions of

entrepreneurs and workers have overlapping supports (Astebro et al. 2014).'

14 Another prediction of the Lucas’ span-of-control model is that the return distributions of en-
trepreneurs and workers have non-overlapping supports. This is no longer true if at least one of

these returns is risky.
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Equation (22) shows that an increase in the fraction of optimists raises the equi-
librium market clearing wage w*. The intuition behind this result is as follows. Wage
effects can occur through two channels: through firm’s derived demand for labor and
through labor-supply decisions of individuals, who must choose to be either workers
or entrepreneurs. The fact that optimists overestimate their ability implies that, for
given input prices, the demand for labor of an optimist is higher than the demand for
labor of a realist of the same ability. This leads to an expansion of labor demand. An
optimist is, for given input prices, more attracted to entrepreneurship than a realist
of the same ability. This leads to a contraction of labor supply. The expansion of
labor demand and contraction of labor supply raise the market clearing wage.

Equation (23) shows that an increase in the fraction of optimists raises the equi-
librium rental cost of capital 7*. The fact that optimists overestimate their ability
implies that, for given input prices, the demand for capital of an optimist is higher
than the demand for capital of a realist of the same ability. This leads to an expan-
sion of capital demand. Since the supply of capital is fixed the expansion of capital
demand raises the rental cost of capital.

It follows from equations (22) and (23) that a change in the fraction of optimists

has no impact on the equilibrium relative input prices since

v Kp(l=§)-1

r N B '
A change in the fraction of optimists also has no impact on the equilibrium number
of workers L* and entrepreneurs E* (E* = N — L*) since

LF = #N. (26)

This result is somewhat surprising. On the one hand, an increase in the fraction
of optimists lowers the number of realistic entrepreneurs, but, on the other hand,
it raises the number of optimistic entrepreneurs. Hence, at first sight, an increase
in the fraction of optimists seems to have an ambiguous effect on the number of

entrepreneurs. However, equation (26) shows that these two effects exactly off set
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each other, that is, there is a full crowding out effect. A change in the fraction of
optimists also has no impact on the firm size distribution (the proof of this result
can be found in Online Appendix B). Note that the marginal optimist entrepreneur’s
perceived ability is equal to the actual ability of the marginal realistic entrepreneur,
ie., 7@0 = . This implies that these entrepreneurs hire the same amount of labor
(and capital). Hence, the minimum size of firms run by optimists is identical to
the minimum size of firms run by realists. The predictions that optimism has no
impact on the equilibrium number of workers, entrepreneurs, relative input prices,
and the firm size distribution are due to the assumption that ability follows a Pareto
distribution.!?

We now discuss the impact of optimism on output, the average ability of the pool

of entrepreneurs, and the mean returns to entrepreneurship.

Proposition 2: If the production function is a generalized Cobb-Douglas with de-
creasing returns to scale, i.e., y = O1°kP, with a > 0, B > 0, and a + < 1,
entrepreneurial ability is distributed according to a Pareto cumulative distribution,
i.e., G(O) =1—(0,,/0)" for 0 > 0,, >0, where p > 1/(1 —n), and (19) holds, then
the existence of optimists lowers: (i) output, (ii) the average ability of the pool of

entrepreneurs, and (1ii) the mean returns to entrepreneurship.

The economic intuition behind Proposition 2 is straightforward. We know from
Lucas (1978) that, in the absence of distortions, the competitive equilibrium max-
imizes output. The misguided occupational and input choices of optimists create a
distortion in the economy which lowers output. The existence of optimists lowers the
average ability of the pool of entrepreneurs since lower ability optimists crowd out
higher ability realists from entrepreneurship.'® Finally, the existence of optimists

lowers the mean returns to entrepreneurship. This happens due to four mechan-

I5Tf, for example, ability follows a uniform distribution, then a change in the fraction of optimists

changes the number of workers, entrepreneurs, relative input prices, and the firm size distribution.
16The presence of optimists raises the average ability of the pool of realistic entrepreneurs as a

result of the higher equilibrium wage.
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isms. First, optimism leads to a misallocation of talent. Second, optimism leads to a
misallocation of inputs: optimistic entrepreneurs hire an excessive amount of labor
and capital in relation to their true ability. Third, optimism raises input prices.
Fourth, the misallocation of talent and inputs together with the increase in input
prices lowers output.

To close this section we compare the mean returns to entrepreneurship of realists

to those of optimists.

Proposition 3: If the production function is a generalized Cobb-Douglas with de-
creasing returns to scale, i.e., y = 01k, with a > 0, B > 0, and a + < 1,
entrepreneurial ability is distributed according to a Pareto cumulative distribution,
i.e., G(O) =1—(0,,/0)" for 8 > 0,, >0, where p > 1/(1 —n), and (19) holds, then
the mean returns to entrepreneurship of realists are greater than the mean returns to

entrepreneurship of optimists.

This result is consistent with empirical evidence that shows that optimism is on
average bad for firm performance (Landier and Thesmar 2009), and that entrepre-
neurs’ level of optimism has, on average, a negative relationship with the performance
of their new ventures (Hmieleski and Baron 2009). In addition, Dawson et al. (2015)
examine how entrepreneurs’ forecasts predict entrepreneurship performance using
the BHPS during the years 1991-2008 and find that optimists, on average, earn less

than pessimists.

5 Calibration

This section calibrates the model. The technology parameters «, 3, K, p, and 6,,
are calibrated to match salient features of the U.K. economy and the BHPS. The
BHPS is a nationally representative longitudinal survey initiated in 1991 which tracks
annually a stratified random cluster sample of households, drawn from the population
of British household postal addresses in Great Britain (the U.K. excluding Northern
Ireland). We follow de Meza et al. (2019) and use BHPS data from 18 annual waves
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available between 1991 and 2008. Entrepreneurs are defined as those who self-identify
as self-employed business owners.!” de Meza et al. (2019) report that the mean gross
monthly earnings of entrepreneurs is £1381.48 (for all firms) and £1807.71 (for firms
larger than 0 employees) and that the mean gross monthly earnings of employees is
£1733.92. The fact that entrepreneurs earn, on average, only 4 percent more than
employees in the U.K. is in line with most recent studies in other countries (Astebro
et al. 2011, Astebro et al. 2014, Astebro and Chen 2014).

The behavioral parameter 7 is calibrated using Cassar’s (2010) estimate for sales
optimism of entrepreneurs. The behavioral parameter \ is calibrated using Fraser
and Greene’s (2006) estimate for the share of self-employed in the U.K. who are

optimistic about their firms at start-up. Table 1 summarizes the model parameters.

Table 1. Model Parameters
Parameter Value Description

Technology parameters

« 0.4082  decreasing returns to labor

15} 0.1834 decreasing returns to capital

K 13.846 capital stock

N 1 population

p 2.5361 shape of ability distribution

(V. 1 scale of ability distribution
Behavioral parameters

y 1.6607 intensity of optimism

A 0.4178 fraction of optimists

17According to de Meza et al. (2019): “This is checked by the interviewer against their UK
tax status, under which those who declare themselves to be self-employed are responsible for own
income tax declarations and payments, rather than directly through employer-made deductions.
Freelancers and subcontractors who may be self-employed for tax purposes but are not business
owners are excluded from the definition and the analysis, drawing on information in a questionnaire
item about the nature of the self-employment. This leaves approximately 80% of the self-employed

who are business owners.”

24



If the production function is a generalized Cobb-Douglas with decreasing returns
to scale and ability follows the Pareto cumulative distribution (10), then firm size,

measured by employment, follows the Pareto cumulative distribution

«

-n

S)y=1- (1 )gl‘ﬁ, for I > o/ (1 =),

where £ = p(1 — n) is the Pareto shape parameter and «/(1 — 1) the Pareto scale

18 Previous

parameter of the firm size distribution (i.e., the minimum firm size).
estimates for ¢ in the U.K. are 0.995 (Fujiwara et al. 2004) and 1.0089 (Gorg et al.
2017). To calibrate & we use the BHPS. Since the model implies that the minimum
firm size has to be strictly greater than 0 we exclude firms with 0 employees. The
mean firm size for firms larger than 0 employees in the BHPS is 29.04 employees.
The method of moments estimate for £ is the solution to 29.04 = £/(¢ — 1), that is,
£ =1.0357.19

According to the International Monetary Fund (2007) the capital’s average in-
come share in the U.K. is 0.31 for the period between 1991 and 2008. Hence, we
set a/f = 0.69/0.31. We calibrate «, 3, and p to satisfy 1.0357 = p[l — (a + ()],
a/f = 0.69/0.31, and to match the fraction of workers employed in firms larger than
0 employees in the BHPS data L*/N = 0.9667. In other words, «, (3, and p are the

solution to:
1.0357 = p(1 — a — B)
a/f =0.69/0.31
0.9667 = #
The solution is a = 0.4082, 5 = 0.1834, and p = 2.5361. The values for «
and S imply n = 0.5916. This value for the degree of decreasing returns to scale

equal falls inside the range of most calibrations which goes from 0.5 up to 0.85

18This result is derived in Online Appendix B.
19Tn Online Appendix F we perform a sensitivity analysis with respect to the Pareto shape para-

meter &. The sensitivity analysis shows that the results are sensitive to changes in the Pareto shape
parameter £. However, the model is still able to account for a reasonable size of the entrepreneurial

earnings puzzle even with the minimum value of £ = 1.0089 (Gorg et al. 2017).
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(Atkenson and Kehoe 2005, Hsieh and Klenow 2009, Bachmann and Elstner 2015,
Garicano et al. 2016). The values for o and [ imply a minimum firm size equal to
a/(1—n) = 0.4082/0.4084 ~ 1. The Pareto scale parameter of the ability distribution
0., and N can be chosen arbitrarily and are both normalized to 1. According to the
International Monetary Fund (2007), the steady-state capital-output ratio K/Y in
the U.K. is 2.3 for the period between 1991 and 2008. To match the steady-state
capital-output ratio we use equation (24) and set the capital stock K to 13.846.

We are left with the behavioral parameters v and A\ to calibrate. Optimism
intensity + is calibrated using Cassar’s (2010) measure of optimism. This measure is
based on the comparison of first-year sales expectations and ex-post realizations of

a sample of nascent entrepreneurs in the U.S. and is given by

expected sales — realized sales

Sales Optimism = )
p expected sales + realized sales

Cassar (2010) reports that 62 percent of entrepreneurs overestimate first-year sales
but the remaining 38 percent do not. This leads to a significant overestimation of
sales, resulting in a mean sales optimism of 0.17. In our model, expected sales of
optimistic entrepreneurs are equal to Y0I(v0,w, r)*k(70,w,r)’and realized sales to
OL(~v0,w,7)*k(v0,w,r)’. Note that optimistic entrepreneurs hire more labor and
capital (which will raise sales) but realized sales are less than the expected sales
since total factor productivity, 6, is smaller than expected, v6. Hence, we calibrate

optimism intensity to be the solution to

62(7 — 1
017~ 00200 —-1
0.627 1 2 — 0.62

(27)

From (27) we obtain v = 1.6607. This value for v implies that optimistic entrepre-
neurs believe they are 66.07 percent more capable than they are.

The fraction of optimists A is calibrated by assuming that the equilibrium share
of optimistic entrepreneurs Ef,/E* is equal to 72.2 percent. The value 72.2 is from

Fraser and Greene (2006). It represents the share of self-employed in the U.K. who
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are optimistic about their firms at start-up (for firms larger than 0 employees).?’

Hence, to calibrate A we impose

o _ (i) S — 7 (28)
Ea-n(2) +a(e) 1AM

Setting v = 1.6607 and p = 2.5361 in (28) we obtain A = 0.4178. The competitive
equilibrium is well defined since the calibration satisfies p > 1/(1 — 1) and (19).

Table 2 summarizes the results of the calibration.

Table 2. Calibration Results
Lucas’ (1978) Model with  Percent

model optimists change
Output 6.0200 5.7429 —4.60
Wage 2.5422 3.4026 33.85
Rental cost of capital 0.0797 0.1067 33.85
Mean returns to paid employment 3.6457 4.8804 33.85
Mean returns to entrepreneurship 74.7700 30.7250 —58.91

The second column in Table II reports the competitive equilibrium of the Lucas’
(1978) model calibrated to match salient features of the U.K. economy and the BHPS.
The model generates mean returns to entrepreneurship 29.4 times greater than the

wage and 20.5 times greater than the mean returns to paid employment. This quite

20Fraser and Greene (2006) obtain this value using the British Social Attitudes Survey (BSAS) for
the period between 1984 and 1999. The BSAS survey asks self-employed individuals, in each survey
year except for 1983 and 1997, whether they felt that their business prospects for the following
year were better, the same or worse than the present. Fraser and Greene (2006) define optimists as
respondents who believe their prospects for the coming year are better than present. It is possible
that part of the optimism captured by Fraser and Green (2006) analysis might be rational, for
example in the presence of a booming economy. However, the period analyzed by Fraser and Green
(2006) is pretty diverse, including periods of growth and a recession at the beginning of the1990s
in conjunction with Britain’s entry into the European Exchange Rate Mechanism (see Hills et al.
2010).
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large entrepreneurship premium results from the calibrated parameters «, 3, and p.

Note that the entrepreneurship premium in the absence of optimists is

__l-(e+h 3
l—(a+B)—=1/p 1-5-1/p

which is increasing in « and ( but decreasing in p. This is quite different from

7—.‘_*
w*

the entrepreneurship premium of a Lucas’ model where labor is the only factor of
production and where ability is uniformly distributed (see Jovanovic 2019).

The third column in Table 2 reports the competitive equilibrium of the model with
optimists. This model generates mean returns to entrepreneurship 9 times greater
than the wage and 6.3 times greater than the mean returns to paid employment.
Hence, the calibration shows that optimism can explain more than half of the size
of the entrepreneurial earnings puzzle in the U.K. The fourth column reports the
percent change in the variables common to both models. It shows that optimism
leads to a 4.6 percent decline in output, a 33.85 percent increase in input prices
and mean returns to paid employment, and a 58.91 percent decrease in the mean
returns to entrepreneurship. As we have seen, the large decline in the mean returns
to entrepreneurship happens due to three channels. First, the misallocation of talent
due to the fact that optimists crowd out realists from entrepreneurship. This lowers
the average ability of the pool of entrepreneurs by raising the fraction of optimistic
entrepreneurs (who have, on average, lower ability and earn lower mean returns)
and lowering the fraction of realistic entrepreneurs (who have, on average, higher
ability and earn higher mean returns). Second, the misallocation of inputs due to
the fact that optimistic entrepreneurs hire an excessive amount of labor and capital

in relation to their true ability. Third, the increase in input prices.

6 Extensions

The model assumes the returns from entrepreneurship are deterministic. It is possible

to extend the model by including a random component ¢ in entrepreneurial revenues.
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For example, letting y = 0f(l, k) + €, where € has mean 0 and variance 0 < 0% < oco.
Since individuals are risk neutral all results are left unchanged as long as there is
no optimism about the realization of . If individuals are not only optimistic about
0 but also about e, then entrepreneurship would be more attractive relative to paid
employment. In this case the main qualitative effects of optimism would still hold
but its quantitative effects would be larger.

The model assumes individuals have different abilities to run a firm and the same
productivity (or ability) as workers. This implies that different entrepreneurs obtain
different amounts of profit but that all workers are paid the same wage. This is a
natural simplification since the empirical evidence shows that the returns to entre-
preneurship are much more variable than wages (Borjas and Bronars 1989, Hamilton
2000). Still, the model could be extended by letting individuals have different abil-
ities in both occupations. Following Jovanovic (1994), we could let the returns to
paid employment be equal to wi)(0) where 1(0) is the wage-working ability of an
individual with ability 0.2! If ¢ is a strictly increasing function (good entrepreneurs
are also good workers) as the empirical evidence indicates, then optimists would
overestimate the returns to entrepreneurship as well as the returns to paid employ-
ment. Since these two effects would partially cancel out, the main qualitative effects
of optimism would still hold but its quantitative effects would be smaller.??

In the model an entrepreneur hires workers and rents capital to produce out-
put. However, the empirical evidence shows that many firms have no employees,

i.e., the owners of these firms are self-employed without employees (Braguinsky et

21 Jovanovic (1994) generalizes Lucas (1978) by allowing for heterogeneous working abilities, i.e.,
the labor income of a worker is given by wy where y represents working ability. Working ability y
is correlated with entrepreneurial ability 6 if y = ¢(6). Jovanovic shows that when ) is either (i)
strictly decreasing or (ii) strictly increasing and not very steep at high levels of 6, then the best
potential entrepreneurs are drawn into entrepreneurship. In contrast, when  is strictly increasing

and very steep at high levels of 6, then the best potential entrepreneurs end up as wage workers.
22We are assuming here that v is strictly increasing and not very steep at high levels of §. In this

case the most talented individuals become entrepreneurs. In contrast, when ¢ is strictly increasing

and very steep at high level of 8, the most talented individuals become workers.
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al. 2011, Salas-Fumas et al. 2014). Furthermore, the empirical evidence shows
an inverse U-shaped relationship between entrepreneurship and education (Poschke
2013). This U-shaped relation implies that entrepreneurs are more likely to come
either from the top or the bottom of the ability distribution. The model can be ex-
tended to incorporate these empirical findings. In order to do that we make three
additional assumptions. First, we assume a firm without employees generates a be-
nefit of B > 0. Second, we assume the returns to paid employment are equal to
wh, where w is the market price of labor per efficiency unit. Third, we assume an
optimist overestimates his productivity both as worker and as manager of a firm with
employees. Online Appendix D solves and calibrates the general equilibrium of this
model. In equilibrium, realists with ability 8 < é; open a firm without employees,
those with ability @IL% <0< @g become workers, and those with ability 6 > 95 open
a firm with employees, where 9; = B/w and @g solves m(0,w,r) = wh + rK/N.
Similarly, optimists with ability 8 < 9(L) open a firm without employees, those with
ability @(L) << @g become workers, and those with ability 6 > @g open a firm
with employees, where 92 = B/wy and 95 solves (70, w,r) = wyd+rK/N. Hence,
the model predicts that low ability people open a firm without employees, medium
ability people work, and high ability people open a firm with employees. This is
true both for realists and optimists but the thresholds for optimists are lower than
those for realists. The model also predicts that low ability realists are more likely to
open a firm without employees than low ability optimists (since 92 = 9; /v < @;)
whereas high ability optimists are more likely to open a firm with employees than
high ability realists (since 95 = @Ig /v < 9;) This prediction is in line with Landier
and Thesmar (2009) who write: “Also, some observable characteristics are strongly
associated with systematic upward expectation biases on the venture’s performance.
Notably, entrepreneurs with higher education and those who are developing their ‘own
tdea’ tend to be more optimistic, whereas entrepreneurs who take the business over
from someone else tend to be less optimistic.” In addition, optimism shifts individuals

from opening a firm without employees to paid employment. This new misallocation
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of talent is due to the assumption that optimists overestimate their productivity
as workers. As in the baseline model, optimists crowd out realists from opening
firms with employees, optimism leads to an increase in input prices, raises the mean
returns to paid employment, and lowers the mean returns to opening a firm with
employees. Finally, the calibration generates mean returns to opening a firm with
employees 5 times greater than the mean returns to paid employment. Hence, this
extension incorporates the empirical findings described above and shows that the
main qualitative and quantitative implications of optimism still hold.

In the model there is only one sector, the entrepreneurial sector, with entrepre-
neurs hiring all the workers in the economy. In the real world while entrepreneurs
are important for hiring, an important role is played by the corporate sector.?®> The
model can be extended by including a corporate sector with a constant returns to
scale production function Y, = F (L., K,) = AL'K!™ where Y, is output, L, is
labor, K, is capital, A > 0 and v € (0,1). Online Appendix E solves and calibrates
the general equilibrium of this two-sector model. The main findings are as follows.
First, optimism shifts inputs from the corporate sector to the entrepreneurial sector
which leads to a misallocation of inputs between sectors. Second, optimism raises the
wage, lowers the rental cost of capital, and leads to smaller changes in input prices
than in the one-sector model. Third, the misallocation of inputs between sectors
leads to similar drop in output as that observed in the one-sector model. Fourth,
optimism leaves the returns to paid employment unchanged. Fifth, optimism lowers
the mean returns to entrepreneurship as much as in the one-sector model. Sixth, the
two-sector model generates mean returns to entrepreneurship 6.7 times greater than
the wage and 4.6 times greater than the mean returns to paid employment. Hence,
introducing a corporate sector in the economy strengthens our main findings, but
the channels by which optimism affects general equilibrium outcomes differ.

The model focuses on differences in ability and optimism as the main determ-

23Firms in the entrepreneurial sector are subject to diminishing returns that arise from the limits
to entrepreneurs’ span-of-control. In contrast, firms in the corporate sector can scale up production

without such restrictions.
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inants which explain who becomes an entrepreneur and who works as an employee.
There are of course many other factors which could influence this choice. For ex-
ample, entrepreneurial effort (and the disutility of exerting it), access to funds needed
to create a firm, risk aversion, and learning about ability. We do not model entre-
preneurial effort and therefore we rule out any positive effects of optimism on en-
trepreneurial effort like the ones found in Manove (2007). If ability and effort are
complements, then optimistic entrepreneurs would provide more effort than realistic
ones. In this case the impact of optimism on the returns to entrepreneurship and on
output would be ambiguous. We assume individuals are risk neutral so we cannot
discuss the role that risk aversion together with optimism might play in the decision
to become an entrepreneur or a worker.

In the model, there are only optimists and realists. If there were equal numbers of
optimists and pessimists, and they had similarly distorted views of their productiv-
ity, there would be idiosyncratic but no aggregate distortions in the model. The
fact that optimists are not balanced by pessimists leads to larger input demand,
and higher input prices. Hence, optimism acts like an aggregate distortion. The
assumption that there are no pessimists in the economy is justified by empirical and
experimental evidence from Psychology and Economics which shows that the major-
ity of individuals are optimists and only a minority are either realists or pessimists
(Taylor and Brown 1988, Rabin 1998, Van den Steen 2004, Santos-Pinto and Sobel
2005, Moore and Healy 2008).

Finally, the model is static so it rules out the possibility that optimists learn their
true abilities over time. In a dynamic version of the model, optimists observe output
realizations and learn their true abilities over time. Including dynamics in the model
is beyond the scope of our paper. This being said, some empirical evidence shows
that optimism and overconfidence are persistent biases. Hamilton (2000) finds that
most entrepreneurs enter and persist in business despite the fact that they have both
lower initial earnings and lower earnings growth than in paid employment. Astebro

et al. (2007) find that approximately one third (29 percent) of independent inventors
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continue to spend money and 51 percent continue to spend time on projects after re-
ceiving highly diagnostic advice to cease effort. Landier and Thesmar (2009) gather
evidence that some entrepreneurs consistently make positive expectation errors and
that these tend to persist over time and are not well explained by industry shocks.
Wiswall and Zafar (2015) find that college students at New York University persist-
ently overestimate population earnings by academic major. Huffman et al. (2019)
show that managers of a chain of food-and-beverage stores are persistently overcon-
fident about their performance in tournaments. Zimmermann (2020) finds, using a
lab experiment, that positive feedback has a persistent effect on beliefs but negative

feedback only influences beliefs in the short-run.

7 Conclusion

This paper uses a general equilibrium model of occupational choice to study the
impact of optimism on the earnings of entrepreneurs and workers. The model shows
that optimism leads to a misallocation of talent and inputs which raises input prices
and lowers output. These results cast doubts on governmental policies aimed at
encouraging entry into entrepreneurship.

The model is calibrated to match salient features of the U.K. economy and the
BHPS. The calibration shows that optimism is able to account for more than half
of the size of the entrepreneurial earnings puzzle in the U.K. This indicates that
although optimism can explain a large part of the puzzle, there must be additional
factors behind it.
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