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Abstract A modified version of Lazear’s model (in
American Economic Review, 94, 208-211, 2004, Jour-
nal of Labor Economics, 23, 649–680, 2005) for occu-
pational choice is formulated. It includes a utility adjust-
ment factor that captures the combined effect of
nonpecuniary benefits and uncertainty associated with
entrepreneurship. We show that the counterfactual in-
come returns to entrepreneurship are lower than the
market value of entrepreneurial talent and higher than
the inverse of the utility adjustment factor. Moreover, if
the skill profiles in the population are Fréchet-distribut-
ed, the ratio between the expected incomes of entrepre-
neurs and observationally similar wage employees is
lower than the inverse of the utility adjustment factor.
Thus, entrepreneurs will on average earn less than wage
employees if the utility adjustment factor is greater than
or equal to one. It is also shown that the self-selection
bias related to this income ratio or returns measure
increases with the observed percentage of entrepreneurs.
Swedish employment data are used to calibrate the
modified Lazear model. The empirical results indicate
that uncertainty considerations might be more important
for the occupational choices than nonpecuniary benefits.

Keywords Returns to entrepreneurship . Occupational
choice .Nonpecuniary benefits . Self-employment . Self-
selection . Fréchet distribution . Uncertainty . Risk

JEL codes M13 . J24 . J3 . L26

1 Introduction

This paper analyzes the returns to entrepreneurship by
applying a utility-based version of Lazear’s (2002,
2004, 2005) occupational choice model. The modified
model allows income uncertainty and nonpecuniary
benefits associated with entrepreneurship to influence
the occupational choice. In Lazear’s original model, the
individuals have two basic skills, and their choices
between entrepreneurship and wage employment are
determined by the resulting incomes. Individuals that
choose wage employment will be paid according to the
strength of their strongest skill, and the payment for
those that choose entrepreneurship will equal the
strength of their weakest skill times a positive parameter
reflecting the market value of entrepreneurial talent.
Income maximization implies that individuals having
balanced skills are more likely than others to become
entrepreneurs.

Different aspects of Lazear’s model have been tested
in a large number of empirical studies. Most of them
seem to support the implication that entrepreneurs have
more balanced skills than wage employees; see Lazear
(2004, 2005), Wagner (2003, 2006), Cho and Orazem
(2014), Bublitz and Noseleit (2014), Tegtmeier et al.

https://doi.org/10.1007/s11187-020-00377-1

B. Hårsman (*)
Department of Industrial Economics and Management, KTH
Royal Institute of Technology, SE-100 44 Stockholm, Sweden
e-mail: bjorn.harsman@indek.kth.se

L.<G. Mattsson
Department of Civil and Architectural Engineering, KTH Royal
Institute of Technology, SE-100 44 Stockholm, Sweden
e-mail: lgm@kth.se

/ Published online: 14 August 2020

Small Bus Econ (2021) 57:1875–1892

http://crossmark.crossref.org/dialog/?doi=10.1007/s11187-020-00377-1&domain=pdf
https://orcid.org/0000-0003-3186-3733
https://orcid.org/0000-0001-9507-9185


(2016), Aldén et al. (2017) and Krieger et al. (2018), for
instance. The model has also been criticized. A long-
standing issue in the literature relates to the observation
that entrepreneurs tend to earn less than comparable
wage employees; see Hamilton (2000) and Åstebro
(2012). Hamilton (2000) suggests that nonpecuniary
benefits of being one’s own boss might compensate
for the observed earning differences. Hartog et al.
(2010) claim that nonpecuniary benefits seem to be
necessary to solve “the returns-to-entrepreneurship puz-
zle,” and Benz (2009) states that “…entrepreneurship
cannot possibly be understood as a quest for profit
alone” (page 24).

The criticism seems to exclude an occupational
choice model based on income maximization alone.
However, it should be noted that Lazear (2002) shows
that whether his model will result in higher or lower
average income for entrepreneurs than for wage em-
ployees depends upon the assumption made about the
distribution of skill profiles in the population. Using
numerical methods, he shows that a normal distribution
will always imply a higher average income for entrepre-
neurs than for wage employees, whereas a gamma dis-
tribution, under some conditions, will reverse that rela-
tionship. Applying another income maximization mod-
el, Jovanovic (2019) shows that whether the ratio of
entrepreneurial income to wage income will exceed or
fall below one depends upon the assumed values of
model parameters such as liquidity constraints and the
correlation between management and working skills.

Lazear’s model has also been criticized for excluding
the uncertainties and risks characterizing entrepreneur-
ship. Modeling the occupational choice, Ekelund et al.
(2005), Brown et al. (2011), and Hvide and Panos
(2014), for instance, show that risk tolerance promotes
entrepreneurship. Hsieh et al. (2017) include the acqui-
sition of skills as a choice variable rather than being
taken as given. Applying a two-stage model, they con-
clude that risk aversion might promote entrepreneur-
ship, seemingly in contradiction to the previous studies.

Another common explanation for the observed earn-
ing differential between entrepreneurs and employees is
related to the difficulty of measuring entrepreneurial
earnings and to the definition of an entrepreneur; see
Parker (2018) for an overview. Lechman (2015) reports
that the contribution of different working conditions to
the earning gap is marginal and concludes that income
underreporting might play the main role. According to
Berglann et al. (2011) and Åstebro and Chen (2014),

entrepreneurs might in fact earn more than comparable
wage employees provided that their incomes are mea-
sured accurately. Levine and Rubinstein (2016) differ-
entiate between incorporated and unincorporated self-
employed and show that the incorporated self-employed
earn more and the unincorporated less than comparable
wage employees.

In addition to the measurement problem, self-
selection makes it difficult to estimate what entrepre-
neurs would have earned if they instead had chosen
to become employees. Hyytinen et al. (2013) correct
for the heterogeneity caused by genetic factors by
using a database for identical twins that includes
information about earnings as well as working con-
ditions. They report negative earning returns but
compensating positive nonpecuniary benefits for
entrepreneurs.

The basic aim of our paper is to provide a theoretical
framework that can be used to analyze how occupa-
tional choices are affected by skill profiles, incomes,
and the combined influence of nonpecuniary benefits
and income uncertainty.Wewill assume that the occu-
pational choice is determined by utility maximization
rather than by income maximization as in Lazear’s
model. The utility of wage employment equals the
received income as in Lazear’s model. The utility of
entrepreneurship, however, equals the income expect-
ed by the individual multiplied by a utility adjustment
factor. This factor captures the combined effects of
nonpecuniary benefits and the uncertainty about what
the income actually will be. The utility mapping
implies that if, for instance, a potential entrepreneur
adjusts the utility upwards by 15% because of more
autonomy and downwards by 5% because of income
uncertainty, then the end result will be a utility adjust-
ment factor of 1.093.1,2 For this modified model, it is
possible to show that the income returns to
entrepreneurship—relative to the counterfactual in-
comes aswage employed—are greater than the inverse
of the utility adjustment factor and lower than or equal
to the market value of entrepreneurial talent.

In order to derive further theoretical implications of
our modified model and to test it empirically, we will
specify a statistical distribution of the skills in a

1 Parker (2018) provides an overview of studies investigating the
importance of nonpecuniary attributes of entrepreneurship.
2 Block et al. (2015) report support for the hypothesis that the willing-
ness to take risks is positively correlated with the nonmonetary
benefits.
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population. Earlier empirical studies of income differ-
ences between entrepreneurs and wage employees
provide some hints for this specification. First, the
skill distribution should allow, but not require,
lower average earnings of entrepreneurs than of
observationally similar employees. It follows that
neither a normal nor a uniform skill distribution
would be appropriate, since both imply a reversed
income ratio as shown by Lazear (2002) and
Åstebro and Thompson (2011), respectively. Fur-
thermore, the specification should be compatible
with commonly observed differences between the
income distribution of entrepreneurs and wage
employees. As shown by Hamilton (2000) and
Parker (2018), for instance, the income distribution
of entrepreneurs typically has a larger variance and
a larger positive skew. Another consistent feature
is an overrepresentation of entrepreneurs in the
lower and upper parts of the overall income dis-
tribution. By and large, similar differences hold for
the Swedish income distribution data that we use
to apply the model empirically. We have chosen
the Fréchet distribution, which is positively
skewed with a fat right-hand tail, since it fulfills
both the stated condition and is compatible with
the observed characteristics of the income distribu-
tions of entrepreneurs and work employees.3 It is
also attractive because its properties make it pos-
sible to relate analytically the incomes of entrepre-
neurs and wage employees to their counterfactual
incomes. This allows us to analyze the self-
selection bias related to a commonly used measure
of the income returns to entrepreneurship: the ratio
between the average income for observationally
similar entrepreneurs and wage employed. Further-
more, when the skills are Fréchet-distributed, the
parameters of the model are straightforward to
calibrate against commonly available labor market
data.

The paper contributes to earlier studies in several
ways. It shows that the combined influence of
nonpecuniary benefits and uncertainty is crucial for the
counterfactual income returns to entrepreneurship; the
lower bound on this returns measure equals the inverse
of the utility adjustment factor. If we add the assumption

that skills are Fréchet-distributed, entrepreneurs will on
average earn less than comparable wage employees
provided that the adjustment factor is greater than or
equal to one. Another conclusion is that the self-
selection bias of this income ratio when used as a returns
measure will be larger, the higher the relative frequency
of entrepreneurs.

We use Swedish employment register data to cali-
brate and apply the model for two university-educated
population groups: architects and electrical engineers.
Entrepreneurs are defined as self-employed and we
make a distinction between all self-employed and the
subset that are employers. The calibrated parameters
show that the corresponding entrepreneurial supply
curves differ considerably and that the utility adjustment
factor is less than one for three out of four analyzed
subgroups.

The paper is organized as follows. Section 2 for-
mulates the model framework and its theoretical im-
plications. Section 3 presents our data and Section 4
presents the calculated values of the counterfactual
income returns and the model parameters. Section 4
also includes a comparison between the theoretically
derived income distributions based on the calibrated
parameters and the actual income distributions in our
data. Concluding remarks follow in Section 5. Math-
ematical proofs and the applied procedure for param-
eter calibration are in Appendix 1 and additional data
in Appendix 2.

2 The model framework

Following Lazear (2005), we consider a population of
individuals who choose between becoming entrepre-
neurs or wage employees. Each individual has two basic
skills with strengths that vary in the population accord-
ing to the positive random variables X1 and X2. The
income as an entrepreneur is determined by the individ-
ual’s weakest skill times a positive parameter λ
representing the market value of entrepreneurial talent.
For a randomly selected individual, the entrepreneurial
income is thus λ · min {X1, X2}. As a wage employee,
on the other hand, the income will correspond to the
strength of the individual’s strongest skill, that is, max {
X1, X2}.

As discussed in the introduction, nonpecuniary ben-
efits may explain why some individuals become entre-
preneurs although their incomes as wage employees

3 The Fréchet distribution is one of three univariate extreme value
distributions that also include the Gumbel and Weibull distributions;
see Kotz and Nadarajah (2000), for instance.
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would be higher.4 On the other hand, uncertainty about
the income as an entrepreneur may explain why some
individuals choose to becomewage employees although
their entrepreneurial incomes would be higher. To allow
for nonpecuniary benefits and income uncertainty for
entrepreneurs, we make a slight modification of
Lazear’s occupational choice model. Instead of assum-
ing that the entrepreneurial income is certain, we assume
that it is uncertain with expected value λ · min {x1, x2}
for an individual with observed skill strengths of x1 and
x2. Because of the uncertainty, the utility of the income
is presumably reduced when compared with an equally
large certain income. Nonpecuniary benefits may also
influence the utility of entrepreneurship in relation to the
expected income. We assume that these effects can be
combined in a common positive utility adjustment fac-
tor s such that the utility of entrepreneurship for a
randomly selected individual is5

UE ¼ s � λ �min X 1;X 2f g:
Simplicity is the main reason for assuming a multi-

plicative adjustment. Considering nonpecuniary bene-
fits, it seems reasonable to assume that the benefits of
autonomy or from a “taste for variety” will increase
with the income as is argued by Benz (2009).6 A pro-
portional adjustment for income uncertainty is perhaps
more questionable but seems to be in accordance with
experimental studies showing that individuals tend to
simplify their approach when choosing between cer-
tain and uncertain outcomes; see Kahneman and
Tversky (1979). Thus, the s parameter reflects the
behavior of a person who first adjusts his expected
income because of perceived nonmonetary benefits
and then adjusts it because of income uncertainty. For
wage employees,wekeepLazear’s assumption that the
utility equals the income

UW ¼ max X 1;X 2f g:

With this slight modification of Lazear’s model, an
individual chooses entrepreneurship if and only if it
gives a higher utility:

UE > UW:

We note that this could only happen if s · λ > 1,
which is therefore assumed. If this condition is not
fulfilled, no one would choose to be an entrepreneur.
The probability that a randomly drawn individual
chooses entrepreneurship is then

pE ¼ Pr UE > UW½ � ¼ Pr s � λ �min X 1;X 2f g > max X 1;X 2f g½ �
¼ Pr s � λ � X 1 > X 2 > X 1½ � þ Pr s � λ � X 2 > X 1 > X 2½ �:

The probability pE obviously increases with both s
and λ.

The logic of the occupational choice model is illus-
trated in Fig. 1. The probability of becoming an entre-
preneur pE is equal to the probability that the random
vector (X1, X2) falls between the two rays X2 = s · λ · X1

and X2 = X1/(s · λ). Clearly, pE goes from zero to one as
s · λ goes from one to infinity, since then the rays will
shift from coinciding with the diagonal to coinciding
with the axes.

Next we let YE and YW denote the income earned by
(self-selected) entrepreneurs and (self-selected) wage
employees, respectively. Formally,

YE ¼ λ � min X 1;X 2f g s � λ �min X 1;X 2f g > max X 1;X 2f gj½ �; and

YW ¼ max X 1;X 2f g s � λj �min X 1;X 2f g≤max X 1;X 2f g½ �:

By definition, each individual chooses occupational
status to maximize his utility. Does this mean that he
also maximizes his income? This is only true if there are
no other factors than income that determines the utility,
that is, if s = 1. To analyze the general case with a utility
adjustment factor s that is not necessarily equal to one,
we first define the counterfactual income of an entrepre-
neur as the income he would have earned, if he instead
had chosen to become a wage employee

ZE ¼ max X 1;X 2f g s � λ �min X 1;X 2f g > max
n
X 1;X 2

o���h i
and the corresponding counterfactual income of a wage
employee as the income he would have earned, if he
instead had chosen to become an entrepreneur

ZW ¼ λ � min X 1;X 2f g s � λ �min X 1;X 2f g≤max
n
X 1;X 2

o���h i
:

4 The possibility to pursue one’s own ideas, broader skill utilization,
and richer work content are examples of nonpecuniary benefits. As-
pects of this kind are sometimes interpreted in terms of procedural
utility; see Frey et al. (2004), for instance.
5 A natural extension of this approach would be to treat the market
value of entrepreneurial talent λ and the utility adjustment factor s as
stochastic. This is beyond the scope of the present study, however.
6 Benz (2009) assumes that UE = (λ + η) · min {X1, X2}, where the
deterministic factor η > 1 − λ accounts for nonmonetary benefits. Our
approach is mathematically equivalent to his, since λ + η = s · λ for
s = η/λ + 1.
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Consider now an individual’s income returns to en-
trepreneurship and to wage employment relative to the
counterfactual incomes, that is, YE/ZE and YW/ZW, re-
spectively. It should be noted that by construction, these
counterfactual income returns are unbiased by self-
selection.

Moreover, upper and lower bounds on these income
returns are easily derived. For an entrepreneur with
perfectly balanced skills, that is, for whom X1 = X2, the
relative income returns are YE/ZE = λ, since min{X1,
X2} =max {X1, X2}. For an entrepreneur who is indif-
ferent between being an entrepreneur or a wage employ-
ee, that is, for whom s · λ · min {X1, X2} = max {X1, X2},
the counterfactual income returns are YE/ZE = λ · min {
X1, X2}/ max {X1, X2} = 1/s. Hence

1=s < YE=ZE≤λ:

Similarly, for an employee who is indifferent be-
tween being a wage employee or an entrepreneur, that
is, for whom s · λ · min {X1, X2} = max {X1, X2}, the rel-
ative income returns are YW/ZW = max {X1, X2}/λ ·
min {X1, X2} = s. Hence

YW=ZW≥s:

Based on these concepts of individual counterfactual
income returns, we define the counterfactual income
returns to entrepreneurship as

μE ¼ E YE½ �=E ZE½ �;

and the counterfactual income returns to wage employ-
ment as7

μW ¼ E YW½ �=E ZW½ �
Before introducing a specific skill distribution, we

just assume that the two random skills X1 and X2 are
statistically independent and identically distributed with
strictly positive densities on the positive axes and having
finite expected values. Then obviously the same in-
equalities hold for the returns based on expected in-
comes. In fact, the non-strict inequalities are then
strengthened to strict ones, since the skill distributions
have been assumed to have strictly positive densities.
We have therefore established the following
proposition:

Proposition 1 Consider our modified Lazear model
with s · λ > 1 and with random skill profiles X1 > 0 and
X2 > 0 that are statistically independent and identically
distributed with strictly positive densities on the positive
axes and with finite expected values. The counterfactual
income returns to entrepreneurship μE then satisfy

1=s < μE < λ;

7 These counterfactual income returns measures were introduced in
Hårsman et al. (2018) for a utility adjustment factor s = 1. Alternative
measures could be defined as eμE ¼ E YE=ZE½ � and eμW ¼
E YW=ZW½ �. For Fréchet-distributed skills, the differences be-
tween the two kinds of measures are small. In addition, the
proposed measures μE and μW are easier to apply
mathematically.

X
1

X
2

X2=sλX1

X
2
=X

1
/(sλ)

Wage employee with income X
1

Wage employee
with income X2

Entrepreneur with 
income λX1

Entrepreneur with
income λX2

X
1 

= X
2

Fig. 1 Self-selection into
entrepreneurship or wage
employment by individuals
endowed with skills X1 and X2

and with a utility adjustment
factor s and a market value of
entrepreneurship λ such that
s · λ > 1. Adapted from Lazear
(2005)
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and the counterfactual income returns to wage employ-
ment satisfy

μW > s:

It should be noted that the inequalities hold for any
continuous skill distribution specified as in the proposi-
tion. As we will see in the empirical application reported
in Table 2, μE will be very close to the average of its
boundaries, that is, μE ≈ (λ + 1/s)/2.

If the utility adjustment factor s ≤ 1, the first inequal-
ity guarantees that entrepreneurs on average will earn
more than they would do as wage employees. If, on the
other hand, s > 1, then the reversed relationship is not
excluded. In either case, their expected income returns
will be smaller than the market value of entrepreneur-
ship talent, that is, μE < λ. The second inequality says
that wage employees on average will earn more than
they would do as entrepreneurs, if the utility adjustment
factor s ≥ 1. They could, on the other hand, on average
earn less than they would do as entrepreneurs if s < 1,
and hence, μW might then be less than one. Finally, if
s = 1, both entrepreneurs and wage employees will on
average earn more than they would do by making the
opposite occupational choice.

To be able to analyze the properties of our modified
model further and to apply it to empirical data, we need
to specify a distribution for the skills in the population.
As already motivated, we will apply the Fréchet distri-
bution. We first derive closed-form expressions for the
occupational choice probabilities given Fréchet-distrib-
uted skills.

Proposition 2 Consider our modified Lazear model
with s · λ > 1 and with random skills X1 and X2 that are
statistically independent and identically Fréchet(β, v)-
distributed with β > 1 and v > 0.8 The probability of
entrepreneurship and wage employment are then, re-
spectively,

pE ¼ sλð Þβ−1
sλð Þβ þ 1

;

and

pW ¼ 1−pE ¼ 2

sλð Þβ þ 1
:

Proof See Appendix 1.
As expected, the supply of entrepreneurs pE increases

at a decreasing rate with increasing utility adjustment
factor s and increasing market value of entrepreneurial
talent λ. The same holds for pE vis-à-vis β. The latter
conclusion is intuitively clear, since the larger the value
of β, the smaller is the variance of the skill distributions
(see Appendix 1), which in turn implies that the skills
will be more balanced.9

With the same distributional assumptions, one can
also derive closed-form expressions for the expected
incomes of entrepreneurs and wage employees.

Proposition 3 Consider our modified Lazear model
with the same assumptions as in Proposition 2. Then
the expected incomes of entrepreneurs and wage em-
ployees are, respectively,

E Y E½ � ¼ 1

s
�
2 sλð Þβ � 1þ sλð Þβ

� �1=β
−21=βsλ � 1þ sλð Þβ

� �
sλð Þβ−1 � v � Γ 1−1=βð Þ

and

E YW½ � ¼ 1þ sλð Þβ
� �1=β

� v � Γ 1−1=βð Þ

Proof See Appendix 1.
The expected income of wage employees E YW½ �

obviously increases with both λ and s for given param-
eters β and v. The explanation is that the strongest skill
of those wage employees that then shift to entrepreneurs
is likely to be relatively weak compared with the stron-
gest skill of those that remain wage employed. It also
seems intuitively reasonable that the expected income of
entrepreneurs E YE½ � should increase with λ and de-
crease with s. This conjecture is supported by numerical
experiments for relevant values of λ; s; and β. More-
over, suppose that the demand for entrepreneurs in-
creases for given values of s and β: In a balanced labor
market, λ then has to increase, which will increase the
supply of entrepreneurs by an upward adjustment of
their relative incomes. Again numerical experiments

8 A positive random variable is Fréchet(β, v)-distributed with shape
parameter β > 0 and scale parameter v > 0, if its c.d.f. is

F xð Þ ¼ e− v=xð Þβ ; x > 0. For the expected value to exist, it is
required that β > 1, in which case it is v ·Γ(1 − 1/β), where the
gamma function is defined by Γ xð Þ ¼ ∫∞0 tx−1e−tdt for x > 0.
Some basic properties of the Fréchet distribution are stated in
Appendix 1. These properties form the basis for its mathematical
tractability.

9 One may introduce positive statistical dependence between the skill
variables X1and X2 as shown in footnote 21. The probability of entre-
preneurship then goes to one, as these variables approach perfect
correlation; see footnote 22.
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for relevant parameter values indicate that E YE½ �=E
YW½ � then increases, and hence, E YE½ � increases rela-
tively more than E YW½ �. If we assume that the demand
for entrepreneurs is fixed, then the product s · λ has to be
constant by Proposition 2. It follows that if the utility
adjustment factor, that is s, increases, then the expected
income of entrepreneurs decreases, while that of wage
employees remains constant.

We are now in a position to establish a fundamental
inequality for the ratio of the expected incomes of
entrepreneurs to wage employees.

Proposition 4 Consider our modified Lazear model
with the same assumptions as in Proposition 2. Then
the ratio of the expected incomes of entrepreneurs to
wage employees is

E YE½ �=E YW½ � < 1=s:

Proof See Appendix 1.
Although Fréchet-distributed skills are sufficient for

this inequality to hold, it also holds for other skill
distributions with a similar form. Lazear (2002) reports
(for the case s = 1) that the inequality is valid for
gamma-distributed skills for sufficiently low values of
λ > 1. We have found that it also holds for Weibull-
distributed skills under similar conditions.10

The proposition says that entrepreneurs on average
will earn less than wage employees as long as entrepre-
neurship is associated with a utility adjustment factor
greater than or equal to one, that is, if s ≥ 1. However, if
this is not the case, that is, if 0 < s < 1, entrepreneurs may
on average earn more than wage employees.

Suppose income is the only factor that determines the
entrepreneurship utility, that is, s = 1. Then entrepre-
neurs as well as wage employees will on average earn
more than they would do by making the opposite occu-
pational choice; μE > 1 and μW > 1. By Proposition 4,
this is fully consistent with entrepreneurs on average
earning less than observationally similar wage

employees. In this sense, there is no return-to-
entrepreneurship puzzle.

Self-selection bias is a recurrent problem in empirical
studies using the ratio of expected entrepreneurial in-
come to expected income of wage employed E YE½ �=E
YW½ � as a measure of returns to entrepreneurship.11 That
this measure underestimates the returns to entrepreneur-
ship is clear since E YE½ �=E YW½ � < μE, which follows
by combining Propositions 1 and 4. We define the
relative self-selection bias of the expected income ratio
as

b ¼ μE−E YE½ �=E YW½ �½ �=μE ¼ 1−E ZE½ �=E YW½ �∈ 0; 1ð Þ:
Next we show that the larger the fraction of entrepre-

neurs, the larger is the self-selection bias b.

Proposition 5 Consider our modified Lazear model
with the same assumptions as in Proposition 2. Then
the self-selection bias b, as a function of the probability
of entrepreneurship pE, is

b pEð Þ ¼ 1− 1−pEð Þ1=β
pE

;

with b strictly increasing from 1/β to 1 as pE increases
from 0 to 1 and b strictly decreasing in β > 1.

Proof See Appendix 1.

3 The data

Our database—provided by Statistics Sweden—
comprises individual time series data of all employed
individuals in Sweden from 2004 to 2008. Anyone
working at least 1 h per week in November each year,
4.4 million individuals in 2008, is considered employed
the same year, implying that both full-time and part-time
employees are included. Each individual is categorized
as either wage employed or self-employed.12 Individ-
uals that combine wage employment and self-
employment are classified as wage employees if their
income from wage employment is larger than the in-
come from self-employment and vice versa. Since

10 With Weibull-distributed skills, it is possible to derive closed-form
expressions for the income distributions for entrepreneurs and wage
employees as well as their expected incomes. Preliminary analysis for
s = 1 indicates that the expected income of entrepreneurs is smaller or
larger than that of wage employees depending on whether the market
value of entrepreneurial talent λ is smaller or larger than some critical

value λ. This critical value decreases as the shape parameter β of
the Weibull distribution increases.

11 Jovanovic (2019), for instance, uses the ratio of average incomes to
analyze the entrepreneurship premium.
12 All self-employed are owners of a registered incorporated or unin-
corporated business.
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combinations are rather common, it should be noted that
even a small income change between the years might
result in a reclassification of an individual from, say,
self-employed to wage employed.

The income information corresponds to before-tax
wage per year for wage employed and before-tax net
business income per year for self-employed. Statistics
Sweden multiplies reported business incomes by 1.6 in
order to adjust for an observed tendency by business
owners to report too low incomes. The incomes for
those combining wage employment and self-
employment include both types of incomes. It follows
that the income of self-employed combiners used in our
analysis will be higher than their actual business in-
come. The income of wage employed combiners will
be higher or lower than their actual wage income de-
pending on if their business income is positive or
negative.

Since the purpose is to illustrate some empirical
implications of our model specification, the calculations
will be limited to the latest year 2008 and two popula-
tions of working individuals. We have chosen individ-
uals that have the same length but different types of
formal education and that differ significantly regarding
the propensity to be self-employed: electrical engineers
and architects that have a master’s degree from a tech-
nical university.13 According to our model, the much
higher self-employment rate among architects is related
to the balance of skills, the utility adjustment factor, and
the market value of entrepreneurship. Assuming that
analytical and creative skills are important for the occu-
pational choice, a seemingly reasonable hypothesis is
that architects have a more balanced skill profile than
electrical engineers.

Furthermore, we distinguish between all self-
employed and the subset of self-employed that hires at
least one person, the latter to be denoted 1+. The reason
for this is that self-employed who work on their own
account usually earn less than those who employ other
persons; see Parker (2018), for instance.

Table 1 shows the average self-employment rates and
the ratios of the average incomes of self-employed to
wage employed in 2008. As indicated in Appendix 2,
Table 4, the variation in these values across the years
2004–2008 is relatively small.

As already noted, the self-employment rates are
much lower for electrical engineers than for architects:
9.3 as compared with 26.0%. The corresponding per-
centages of self-employed hiring at least one person are
about half as high.14

Only the self-employed architects that hire at least
one person earn more than the wage employed. As
expected, the income ratios are higher for the self-
employed that are employers than for all self-
employed.15 Our model provides some information
about possible reasons for the latter differences. Since
E[YE]/E[YW] < 1/s by Proposition 4, and s is the utility
adjustment factor, one explanation might be that the
self-employed hiring others regard income uncertainty
as more important, and positive benefits like being one’s
own boss as less important than the own-account self-
employed.

Table 5 in Appendix 2 provides additional informa-
tion about the observed income percentiles in 2008. The
5th income percentile is throughout lower for self-
employed than for wage employed. The pattern is less
clear in the upper end of the income distribution.

Among the electrical engineers, the 95th and the 99th
income percentiles are lower for self-employed than for
wage employed. This holds for both categories of self-
employed.With one exception, the opposite relationship
applies for the architects. The exception is the 95th
income percentile for all self-employed architects. The
overrepresentation of self-employed architects in both
ends of the common income distribution is consistent
with the characterization of entrepreneurs as “stars and
misfits”; see Åstebro et al. (2011), for instance.

4 Results

The parameters of our modified Lazear model have been
calibrated against the information about occupational
status in Table 1 and average incomes and income
percentiles in Tables 4 and 5 in Appendix 2 for the year
2008.16 Table 2 shows the calculated values of the
counterfactual income returns and the calibrated model
parameters.

13 The corresponding populations of working individuals in the year
2008 are as follows: 13,088 and 4944, respectively (see Appendix 2,
Table 4).

14 The upper part of the table compares all self-employed with all
employed and the lower part the subset of self-employed hiring at least
one person with all employed except the own account self-employed.
15 See Parker (2018) and Dvouletý el al. (2019), for instance.
16 See Appendix 1 for a description of the calibration procedure.
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The counterfactual income returns to self-
employment as well as to wage employment are positive
among all subgroups but “all self-employed electrical
engineers”—their returns being 2% lower than if they
had instead chosen wage employment. Furthermore, the
table shows that the self-employment returns are higher
for architects than for electrical engineers and for hiring
self-employed as compared with all self-employed. The
hypothesis, suggested by Proposition 1, that the coun-
terfactual income returns to entrepreneurship μE should
be very close to the averages of the corresponding
values of λ and 1/s, is empirically verified. A compar-
ison with Table 1 also confirms empirically the earlier
theoretical result that the counterfactual income returns
are higher than the corresponding income ratios.

Somewhat surprisingly, Table 2 also shows that
the only category that has a utility adjustment
factor s exceeding one is “all self-employed elec-
trical engineers.” One obvious interpretation is that
the trade-off between the hazards of entrepreneur-
ship and the safety of wage employment has a
stronger influence than nonpecuniary benefits
among the other three categories.

As follows by Proposition 2, the probability of
entrepreneurship will increase with the product of
the two parameters s and λ as well as with β.
Table 2 shows that the products are higher among
architects than electrical engineers and also among
all self-employed than self-employed hiring at least
one person. Since the values of β are lower among
the architects, and lower values are associated with
a larger variance (see Appendix 1), we can reject
the hypothesis that architects have more balanced
skill profiles than electrical engineers. Their much
higher rate of self-employment is rather explained
by a higher market value of entrepreneurial talent.
However, our assumption about independent skills
is an important caveat. As shown by Lazear

(2005), the supply of entrepreneurs will increase
with the correlation between the two skills. Thus,
the higher market value of entrepreneurial talent
among architects than engineers might be ex-
plained by a lower skill correlation. If the assump-
tion about uncorrelated skill distributions is re-
laxed, it also seems likely that the calibrated pa-
rameter values would change (see footnotes 21 and
22 for further information). Apart from our model,
it is also possible that students interested in be-
coming entrepreneurs prefer to study architecture
rather than engineering, or simply that it is more
difficult for architects than for electrical engineers
to find a well-paid employment matching their
education.17

According to Lazear (2005), the market value of
entrepreneurial talent λ adapts to ensure that the supply
of entrepreneurs satisfies an exogenously given de-
mand. The relationship between the entrepreneurship
rates and λ can therefore be summarized as an entrepre-
neurial supply curve.18 Using the calibrated parameter
values given in Table 2, Fig. 2 illustrates the supply
curves for the different categories. As expected, a higher
market value of entrepreneurship increases the supply of
self-employed. However, the supply consequences of
the utility adjustment factor s are more striking. The
intercepts of the supply curves are equal to the inverse
of the corresponding s values. Since the latter value is
lower among each category of architects than among the
corresponding category of electrical engineers, it fol-
lows that the architects’ supply curves start at a higher
level.

As we clarify in Section 2, the income ratios
presented in Table 1, interpreted as income returns
to entrepreneurship, are biased by self-selection. A
comparison with the counterfactual income returns
in Table 2 indicates that the income ratio under-
estimates the “true” income returns for the catego-
ry “all self-employed” by 35% for electrical engi-
neers and 41% for architects. As explained in
Proposition 5, the larger self-selection bias for
architects results from their higher rate of self-
employment, since the β values are rather similar.

17 Appendix 2, Table 4, provides additional information about the
income differences between architects and electrical engineers.
18 The entrepreneurship probability in Proposition 2 implies

λ ¼ 1
s � 1þpE

1−pE

� �1=β
.

Table 1 Percentage self-employed and the ratio of average in-
come of self-employed to wage employed by education for the
year 2008

Variable Electrical engineers Architects

Percentage self-employed: all 9.3 26.0

Income ratio 0.64 0.77

Percentage self-employed: 1+ 4.3 14.2

Income ratio 0.79 1.02

1883Analyzing the returns to entrepreneurship by a modified Lazear model



Proposition 3 in Appendix 1 shows how the income
distributions for wage employed and entrepreneurs can
be calculated. Using the parameter values reported in
Table 2, we have computed the 5th, 25th, 50th, 75th,
and 95th income percentiles and compared them with
the corresponding observed income percentiles accord-
ing to Appendix 2, Table 5. Table 3 reports the ratio of
the computed to the observed income percentiles. Ex-
cluding the 5th percentile, the fit is fairly good. It is
somewhat better for self-employed hiring others than for
all self-employed as well as for wage employees.

It is impossible to assess to what extent the reported
differences depend upon the applied model, the Fréchet
assumption, or the data. We think, however, that the fit
is good enough to warrant further investigations. One
obvious improvement would be to control for observ-
able individual characteristics like age, gender, and la-
bor market region.19

5 Summary and concluding remarks

The paper presents a modified version of Lazear’s mod-
el of selection into entrepreneurship. The modification
means that the expected entrepreneurial incomes, as
perceived by the individuals, are multiplied with a utility

adjustment factor assumed to handle the combined in-
fluence of nonpecuniary benefits and the income uncer-
tainty related to entrepreneurship. In the theoretical part
of the paper, we show that the counterfactual income
returns to entrepreneurship are greater than the inverse
of the utility adjustment factor and lower than the mar-
ket value of entrepreneurial talent. Adding the assump-
tion that the skill profiles in a population are Fréchet-
distributed, utility maximization will lead to lower ex-
pected earnings for entrepreneurs than for wage em-
ployees, if the utility adjustment factor s is greater than
or equal to one. Hence, Lazear’s model (having s = 1) is
fully compatible with lower average earnings for entre-
preneurs than for observationally similar wage
employed. Furthermore, we show that the self-
selection bias of the ratio of the average incomes of
entrepreneurs to observationally similar wage em-
ployees, when used as a measure of income returns to
entrepreneurship, increases with the observed percent-
ages of entrepreneurs.

Data from the Swedish employment register for
the year 2008 are used to calibrate the model param-
eters for two university-educated population groups:
architects and electrical engineers. As shown theoret-
ically and confirmed empirically, the counterfactual
income returns to self-employment are higher than
the returns indicated by the income ratio between
observationally similar self-employed and wage
employed. Moreover, the entrepreneurial supply
curves differ substantially between the two popula-
tion groups and within the groups between all self-
employed and those hiring at least one person. The
calibrated parameters indicate that nonpecuniary ben-
efits as well as risk considerations should be included
in occupational choice models. Our assumption that
the skills are Fréchet-distributed gains circumstantial
support from a comparison of the observed and the
computed model-based income distributions. It also
gains some indirect support, since it allows, but does
not require, the average income of self-employed to
be lower than that of wage employed.

Some of our simplifying model assumptions should
be emphasized. We assume that architects and electrical
engineers need the same number and type of skills
whether wage employees or entrepreneurs and that the
two skill distributions are independent. These assump-
tions are bound to influence our results since the supply
of entrepreneurs would be smaller if more than two
skills are needed and larger if the distributions of skills19 Hårsman et al. (2018) provide an example for the case s = 1.

Table 2 Counterfactual income returns to entrepreneurship μE
and to wage employment μW and calibrated utility adjustment
factor s, market value of entrepreneurial talent λ, shape parameter
β, and scale parameter v (in thousand SEK per year) by education

Category Parameter/
variable

Electrical
engineers

Architects

All self-employed vs. all
wage employed

μE 0.98 1.30

μW 1.78 1.48

s 1.05 0.85

λ 1.01 1.43

β 2.95 2.70

v 323 183

All self-employed hiring at
least one person (1+) vs.
all wage employed

μE 1.19 1.62

μW 1.44 1.11

s 0.85 0.65

λ 1.21 1.70

β 2.99 2.85

v 332 202
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are correlated; see Lazear (2005). It would be an
interesting avenue for future research to allow corre-
lation between the skills and to test other distribu-
tions than the Fréchet distribution. Since the standard
way to handle risk is to model utility as a nonlinear
function of income, the use of a multiplicative

adjustment factor is another simplification. A
counter-argument is that experimental studies show
that individuals tend to simplify their decisions when
choosing between certain and uncertain outcomes;
see Kahneman and Tversky (1979). Other shortcom-
ings are that the multiplicative adjustment factor

Fig. 2 Supply curves for self-employed electrical engineers (solid) and architects (dotted), where for each pair the lower curve refers to all
self-employed and the upper curve to those hiring at least one person (1+). The s and β values are in accordance with Table 2

Table 3 The ratio of computed to observed income percentiles in the year 2008 by education and occupational status

Percentiles Electrical engineers Architects

Self-employed Wage employeda Self-employed Wage employeda

All 1+ All 1+ All 1+ All 1+

5th -b 3.44 1.33 1.34 -b 3.31 1.81 1.91

25th 1.40 1.10 0.94 0.95 1.79 1.05 0.82 0.85

50th 0.95 0.97 0.91 0.92 0.88 0.95 0.82 0.84

75th 0.82 0.91 0.97 0.97 0.78 0.90 0.90 0.91

95th 0.70 0.84 1.12 1.12 0.76 0.87 1.21 1.17

a The two columns under the heading “wage employed” differ somewhat because the parameters of the Fréchet distribution of incomes for
wage employed have been calibrated separately when wage employed are compared with all self-employed and with self-employed 1+,
respectively
b Indicates that the observed income percentile is negative or equal to zero
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reflects the combined effect of risk handling and
nonpecuniary benefits and that several of our theo-
retical derivations as well as empirical conclusions
hinge on the assumption that the skills are Fréchet-
distributed. Though the Fréchet assumption is com-
patible with empirical observations of the income
distributions of self-employed and wage employed,
we cannot rule out that this also holds for other
distributions that make balanced skills sufficiently
more common at low than at high skill levels. To test
other conceivable distributions, however, will proba-
bly require heavy numerical calculations rather than
our analytical derivations. Yet, we think it is warrant-
ed to further analyze the theoretical and empirical
implications from applying different skill distribu-
tions in the specification of the Lazear model.

We think that our modification of Lazear’s model can
be extended in several directions. One improvement
would be to allow correlation between the skills and
another one to investigate the possibility of estimating
the market value of entrepreneurial talent as a function
of individual characteristics like age, gender, and their
labor market region. Since the income returns to entre-
preneurship and to wage employment should ensure that
the supplies of entrepreneurs and specialists correspond
to the demand, a more ambitious theoretical extension
would be to develop a labor market equilibrium model
that allows for simultaneous estimation of the market
value of entrepreneurial talent, the utility adjustment
factor, and the parameters of the skill profile distribu-
tion.20 It should be added that our specification of the
skill distribution opens up for analyzing measures of
cognitive abilities in a new way. The empirical tests of
Lazear’s model of the kind reported by Aldén et al.
(2017) and Hartog et al. (2010), for instance, can be
complemented with estimations that increase our
knowledge of the skill distribution.
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Appendix 1. Additional propositions, proofs,
and parameter calibration

Some basic properties of the Fréchet distribution

A continuous random variable X > 0 is Fréchet(β, v)-
distributed with shape parameter β > 0 and scale param-
eter v > 0, if its c.d.f. is

F xð Þ ¼ e− v=xð Þβ ; x > 0:

The expected value is E X½ � ¼ v � Γ 1−1=βð Þ, provid-
ed that β > 1,which is henceforth assumed, and the

variance is Var X½ � ¼ v2 � Γ 1−2=βð Þ½ −Γ 2 1−1=βð Þ�,
provided that β > 2. The expected value E X½ �→v and
the variance Var X½ �→0 as β→∞. If X is Fréchet(β, v),
then τX is Fréchet (β, τv) for any scalar τ > 0.

The following properties of the Fréchet distribution
will be repeatedly used in the proofs.21 If X1 and X2 are
statistically independent Fréchet (β, v1) and Fréchet (β,
v2), respectively, then

p1 ¼ Pr X 1 > X 2½ � ¼ vβ1
vβ1 þ vβ2

; ð1Þ

and

bX ¼ max X 1;X 2f g; bX 1 ¼
�
X 1 X 1 > X 2

�
and

��� bX 2

¼
�
X 2 X 2 > X 1

���� are all Fre0chet β;bv� �
;

with

bv ¼ vβ1 þ vβ2
� �1=β

: ð2Þ

20 In a model of international trade, Eaton and Kortum (2002) use an
estimation approach of this kind.

21 For proofs, see Corollary 3 in Mattsson et al. (2014), for
example. Our present results can be extended to allow for
positive statistical correlation by letting the joint c.d.f. of

X = (X1, X2) be F x1; x2ð Þ ¼ e− v1=x1ð Þβ=ψþ v2=x2ð Þβ=ψ½ �ψ , for ψ ∈ (0,
1]. As shown by Galichon (2019), the correlation coeffi-
c ien t ρ (ψ ) ex i s t s for β > 2 and i s then ρ ψð Þ ¼
Γ 2 1−ψ=βð Þ�Γ 1−2=βð Þ=Γ 1−2ψ=βð Þ−Γ 2 1−1=βð Þ

Γ 1−2=βð Þ−Γ 2 1−1=βð Þ . Specifically, ρ(ψ)→ 1

as ψ→ 0, and ρ (1) = 0.
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Proof of Proposition 2

Proof The probability of a randomly drawn individual
becoming a wage employee is pW = Pr [X1 > sλX2] +
Pr [X2 > sλX1]. Since sλX2 and sλX1 are both
Fréchet(β, sλv) and X1, and X2 are statistically indepen-
dent, it follows from Eq. (1) that

pW ¼ 2
vβ

sλvð Þβ þ vβ
¼ 2

sλð Þβ þ 1
; 22

and hence22

pE ¼ 1−pW ¼ sλð Þβ−1
sλð Þβ þ 1

ð3Þ

Further claim of Proposition 3 and proof

In addition to the claims in Proposition 3, we also prove
that the c.d.f. of entrepreneurial and wage employment
incomes are, respectively,

FYE xð Þ ¼
2 sλð Þβ � e− λβþs−βð Þ� v=xð Þβ− 1þ sλð Þβ

� �
� e−2λβ � v=xð Þβ

sλð Þβ−1 ; x > 0;

and

FYW xð Þ ¼ e− 1þ sλð Þβð Þ� v=xð Þβ ; x > 0:

Proof Note that since X1 and X2 are independent and
identically distributed, all relationships are sym-
metric with respect to the two skills. Hence, it is
no restriction to let the income of a wage employ-
ee be YW = (X1|X1 > sλX2) which by (2) is Fréchet

β;bvð Þ with bv ¼ vβ þ sλvð Þβ
� �1=β

¼ 1þ sλð Þβ
� �1=β

�v from which its c.d.f. FYW and expected value
E[YW] immediately follow.

Similarly, it is no restriction to let the income of an
entrepreneur be YE = (λX1|sλX1 > X2 > X1). Define the
random variables V = (λX1|sλX1 > X2) = (λX1|λX1 >
s−1X2) and R = (λX1|X1 > X2) = (λX1|λX1 > λX2), which

by (2) are Fre0chet β; λβ þ s−β
� �1=β � v� �

and Fre0chet

β; 21=βλ � v� �
, respectively. Evidently,

Pr sλX 1 > X 2½ � � FV xð Þ ¼ Pr sλX 1 > X 2 > X 1½ �
� FYE xð Þ þ Pr X 1 > X 2½ �
� FR xð Þ;

where FV, FYE , and FR are the c.d.f.s of V, YE, and R,
respectively. By (1)

Pr sλX 1 > X 2½ � ¼ sλvð Þβ
vβ þ sλvð Þβ ¼ sλð Þβ

1þ sλð Þβ ;

Pr X 1 > X 2½ � ¼ 1

2
;

and by (3)

Pr sλX 1 > X 2 > X 1½ � ¼ 1

2
PE ¼ 1

2
� sλð Þβ−1
sλð Þβ þ 1

:

Hence

FYE xð Þ ¼

sλð Þβ
1þ sλð Þβ � FV xð Þ− 1

2
� FR xð Þ

1

2
� sλð Þβ−1
sλð Þβ þ 1

¼
2 sλð Þβ � FV xð Þ− 1þ sλð Þβ

� �
� FR xð Þ

sλð Þβ−1 ð4Þ

with FV xð Þ ¼ e− λβþs−βð Þ� v=xð Þβ and FR xð Þ ¼ e−2λ
β � v=xð Þβ .

From (4) it follows that

E YE½ � ¼
2 sλð Þβ � E V½ �− 1þ sλð Þβ

� �
� E R½ �

sλð Þβ−1

with E[V] = s−1(1 + (sλ)β)1/β · v · Γ(1 − 1/β) and E[R] =
21/βλ · v · Γ(1 − 1/β).

22 Assuming that the skill variables X1 and X2 are correlated according

to the specification in the previous footnote, we have PE ¼
sλð Þβ=ψ−1

h i
= sλð Þβ=ψ þ 1
h i

for ψ ∈ (0, 1). Hence, the probabil-
ity of entrepreneurship approaches one as the correlation coeffi-
cient approaches one, that is as ψ→ 0.
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Proof of Proposition 4

Proof Remember that s · λ > 1 by assumption. The
statement of the proposition, rewritten as E YW½ � >
s � E YE½ �, follows if the equality
E YW½ � ¼ α � s � E YE½ � þ 1−αð Þ � Q ð5Þ
is satisfied for some α ∈ (0, 1) and Q > E[YW], since
E[YW] ≤ s · E[YE] would then lead to a contradiction.
Given the expressions for E[YW] and E[YE] from Prop-

osition 3, the equality (5) is easily verified for α ¼
sλð Þβ−1
2 sλð Þβ ∈ 0; 1ð Þ and Q = 21/βs · λ · v · Γ(1 − 1/β) > E[YW].

Proof of Proposition 5

Proo f By def in i t i on , b ¼ 1−E ZE½ �=E YW½ �. Le t
φ = (sλ)β. By Proposition 3 and the Proof of Proposition

6 below, we have b ¼ 1− 21=β 1þφð Þ1−1=β−2
φ−1 , and, since

φ = (1 + pE)/(1 − pE) by Proposition 2, b as a function
of pE becomes

b pEð Þ ¼ 1− 1−pEð Þ1=β
pE

:

Evidently b = 1 for pE = 1 and by l’Hôpital’s rule b
goes to 1/β as pE decreases to 0. We want to show that b
as a function of pE is strictly increasing in the interval
(0, 1).23 It is somewhat simpler to prove the equivalent
statement that b as a function of pW= 1 − pE is strictly
decreasing in the interval (0, 1). Then

b pWð Þ ¼ 1−p1=βW

1−pW

with the derivative

b0 pWð Þ ¼ 1=βð Þp1=β−1W þ 1−1=βð Þp1=βW −1
1−pWð Þ2 :

Consider the numerator

c pWð Þ ¼ 1=βð Þp1=β−1W þ 1−1=βð Þp1=βW −1

and note that c(1) = 0. Hence, b ′ (pW) < 0 for all pW ∈
(0, 1) if c ′ (p

W
) > 0 for all pW ∈ (0, 1). Recalling that β >

1, this is indeed the case since

c0 pWð Þ ¼ −
1

β
1

β
−1

� �
� 1−pWð Þp1=β−2W > 0:

Finally, it is easily verified that b is strictly decreasing
in β > 1.

Formulation and proof of Proposition 6

Proposition 6 Consider Lazear’s model with the same
assumptions as in Proposition 2.

The counterfactual income returns to entrepreneur-
ship are then

μE ¼ E YE½ �
E ZE½ � ¼

21−1=βsβ−1λβ−λ � 1þ sλð Þβ
� �1−1=β

1þ sλð Þβ
� �1−1=β

−21−1=β
;

and the counterfactual income returns to wage employ-
ment are

μW ¼ E YW½ �
E ZW½ � ¼

1

λ � 1þ sλð Þβ
� �1−1=β

−sβ−1λβ
:

Proof Since X1 and X2 are independent and iden-
tically distributed, it is no restriction to let
ZE = (X2|sλX1 > X2 > X1). Define the random vari-
ables V = (X2|X2 > sλX1) and R = (X2|X2 > X1),

which by (2) are Fréchet β; 1þ sλð Þβ
� �1=β

� v
� �

and Fréchet β; 21=β � v� �
, respectively, and hence

E[V] = (1 + (sλ)β)1/β · v · Γ(1 − 1/β) and E[R] = 21/β ·
v · Γ(1 − 1/β), respectively. Evidently,

Pr X 2 > X 1½ � � E R½ � ¼ Pr X 2 > sλX 1½ � � E V½ �
þ Pr sλX 1 > X 2 > X 1½ �
� E ZE½ �:

By (1)

Pr X 2 > X 1½ � ¼ 1

2
;

Pr X 2 > sλX 1½ � ¼ 1

1þ sλð Þβ ;

and by (3)

Pr sλX 1 > X 2 > X 1½ � ¼ 1

2
PE ¼ 1

2
� sλð Þβ−1
sλð Þβ þ 1

:

23 The authors thank Jörgen Weibull for suggesting this proof.
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Hence

E ZE½ � ¼
21=β 1þ sλð Þβ

� �
−2 1þ sλð Þβ

� �1=β

sλð Þβ−1 � v � Γ 1−1=βð Þ;

which together with the expression for E[YE] from Prop-
osition 3 establishes the required expression for μE.

Similarly, it is no restriction to let ZW = (λX1|X2 >
sλX1). Define the random variable V = (λX1|sλX1 >
X2) = (λX1|λX1 > s−1X2), which by (2) is

Fre0chet β; λβ þ s−β
� �1=β � v� �

, and hence E[V] = (λβ +

s−β)1/β · v · Γ(1 − 1/β). Evidently,

E λX 1½ � ¼ Pr X 2 > sλX 1½ � � E ZW½ � þ Pr sλX 1 > X 2½ �
� E V½ �:

By (1)

Pr X 2 > sλX 1½ � ¼ 1

1þ sλð Þβ ; and

Pr sλX 1 > X 2½ � ¼ sλð Þβ
1þ sλð Þβ :

Since E λX 1½ � ¼ λ � v � Γ 1−1=βð Þ we get

E ZW½ � ¼ λ � 1þ sλð Þβ
� �

− sλð Þβ � λβ þ s−β
� �1=β� �

� v

� Γ 1−1=βð Þ;
which together with the expression for E[YW] from
Proposition 3 establishes the required expression for
μW.

Applied procedure for parameter calibration

To apply the modified Lazear model as specified in
Proposition 2, four parameters need to be calibrated
against empirical data: s, λ, β, and v. It is assumed that
data are available for the relative frequency of entrepre-
neurs (self-employed) pE as well as for the p percentiles

of the income distributions Y
E
p and Y

W
p , p ∈ {0.05, 0.25,

0.5, 0.75, 0.95}, and the average incomes YE and YW of
entrepreneurs and wage employees, respectively. We

will use pE as our observation for pE, and YE and YW

as our observations for E YE½ � and E YW½ �, respectively.
Let φ ≡ (sλ)β. By Proposition 2

φ ¼ 1þ pE

1−pE

and by Proposition 3

YE

YW

¼ 1

s
� 2φ−2

1=βφ1=β 1þ φð Þ1−1=β
φ−1

:

The last equation can be solved for β as a function of

s∈ 0; YW=YE
� �

β sð Þ ¼ ln 2φð Þ−ln 1þ φð Þ
ln 2φ−s � YE=YW

� �
� φ−1ð Þ

h i
−ln 1þ φð Þ

;

and hence λ as a function of s is

λ sð Þ ¼ φ1=β sð Þ

s
¼ 1

s
� 1þ pE

1−pE

� �1=β sð Þ

and by Proposition 3, v as a function of s is

v sð Þ ¼ YW

1þ φð Þ1=β sð Þ � Γ 1−1=β sð Þð Þ
:

Next, the p percentiles YE
p sð Þ and YW

p sð Þ of the in-

come distributions FYE and FYW , as specified in the
proof of Proposition 3 in Appendix 1, are derived from

the equations FYE YE
p sð Þ

� �
¼ p and FYW YW

p sð Þ
� �

¼ p,

given the parameters β sð Þ;λ sð Þ; v sð Þ; and s, for
p ∈ {0.05, 0.25, 0.5, 0.75, 0.95}. The equations for the
percentiles for wage employees can be solved analyti-
cally

YW
p sð Þ ¼ v sð Þ 1þ φ

−lnp

� �1=β sð Þ
;

while the equations for the percentiles for entrepreneurs
YE
p sð Þ have to be solved numerically.

Finally, s is determined so as to minimize the sum of
the quadratic deviations between the p percentiles of the
observed and computed income distributions of entre-
preneurs and wage employees24:

min
s∈ 0;YW=YE

� � ∑
p∈ 0:05;0:25;0:5;0:75;0:95f g

YE
p sð Þ−Y

E

p

� �2

þ YW
p sð Þ−Y

W

p

� �2
" #

:

24 The calibrated parameters remind of regression estimates. The sum
of the squared differences between observed and computed income
percentiles is minimized while keeping the average of the computed
incomes equal to the average of the observed incomes.
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Appendix 2. Additional data

Table 4 Number of individuals n, average income Y , and median incomem by education, year, and occupational status. Annual income in
thousand SEK

Year Occupational status Electrical engineers Architects

n
Y

m n
Y

m

2004 Wage employed 11,210 518 479 3223 330 329

Self-employed: all 1000 340 309 1245 257 252

Self-employed: 1+ 454 420 391 564 341 334

2005 Wage employed 11,325 528 487 3322 337 337

Self-employed: all 1066 349 326 1246 272 273

Self-employed: 1+ 488 431 405 561 367 353

2006 Wage employed 11,669 539 496 3416 355 346

Self-employed: all 1091 364 344 1284 285 286

Self-employed: 1+ 470 422 411 584 372 362

2007 Wage employed 11,909 557 508 3599 364 356

Self-employed: all 1122 358 340 1242 299 288

Self-employed: 1+ 476 443 432 569 403 370

2008 Wage employed 11,877 576 524 3657 377 370

Self-employed: all 1211 368 361 1287 291 304

Self-employed: 1+ 533 454 438 603 385 377

Table 5 Observed income percentiles in the year 2008 by education and occupational status

Percentiles Electrical engineers Architects

Self-employed Wage employed Self-employed Wage employed

All 1+ All 1+

5th 0 87 219 0 75 97

25th 209 329 401 126 288 287

50th 361 438 524 304 377 370

75th 505 563 664 424 483 465

95th 822 845 1028 625 707 659

99th 1091 1106 1776 981 1021 914
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