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1 Introduction

The US is famous for providing an environment that fosters entrepreneurship and
for its high degree of competition that ensures that the best firms flourish. Research
supports the idea that entrepreneurship plays an important role in the economy
by identifying its relevance for growth, job creation, income and wealth inequality,
and economic mobility.1 Entrepreneurship also receives considerable policy atten-
tion, for example through the Small Business Administration, and discussion in
the media. In light of this, research documenting that measures of entrepreneur-
ship in the US have declined in recent decades (e.g. Davis et al., 2006; Decker et al.,
2014a,b; Pugsley and S, ahin, 2019) have generated considerable concern.2

The purpose of this paper is to address the question, why has there been a de-
cline in entrepreneurship? Answering this question is important for two reasons.
First, it is a step towards understanding the economic consequences of this trend,
because different explanations will have different implications. For example, if
the decline in entrepreneurship is due to regulations impeding business creation
then the consequences are likely to be worse than if changes in technology have
made it optimal to have fewer, but larger, firms. Second, different causes will have
different policy implications. Identifying the cause is necessary for determining
whether any policy response is appropriate and, if so, what.3

To answer this question I develop a general equilibrium occupational choice
model to capture peoples’ decisions about whether to run a business, and study
corresponding choices in the data. The occupational choice perspective provides
new empirical facts about the decline in entrepreneurship, which allow me to eval-
uate a range of potential explanations. Simultaneously evaluating several expla-
nations has an additional advantage. Some of the explanations are difficult to mea-
sure directly in the data. A common approach is to fit a model to match the change
in a particular moment of the data, and then assess the performance of the expla-
nation with respect to changes in other moments. This risks overfitting the model
to the targeted moment, and thereby overestimating the quantitative power of the

1For growth of the economy see, for example, Luttmer (2011); Acemoglu et al. (2018); Akcigit
and Kerr (2018); Garcia-Macia et al. (2019). For job creation see Haltiwanger et al. (2013); Adelino
et al. (2017). For inequality and economic mobility see, for example, Quadrini (2000) and Cagetti
and De Nardi (2006).

2For discussion of this trend in leading media outlets see Weissmann (2012); Casselman (2014);
The Economist (2014); Harrison (2015).

3For discussion of the decrease in firm entry by a policy maker see Yellen (2014).
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explanation in question. Considering a range of explanations and a range of mo-
ments simultaneously, reduces this issue.

Empirically, I consider three dimensions of entrepreneurship: the share of the
labor force who own and operate a business (the entrepreneur share), the size of en-
trepreneurial businesses, and the entry rate of new firms in the economy. While
the decline in the entry rate is a widely documented fact (see, for example, Decker
et al., 2014a,b; Pugsley and S, ahin, 2019), the other facts come from looking at occu-
pational choice data. I show that the entrepreneur share has declined by 16–24%,
depending on the definition used, between 1987 and 2015. Additionally, the busi-
nesses of entrepreneurs have not grown in size to offset this decline, implying that
economic activity has shifted towards non-entrepreneurial firms over time, such as
large publicly-listed firms. A further striking feature of the data is that the decline
in the entrepreneur share has been much larger for more educated people.

To interpret these changes in the data, I use a dynamic, general equilibrium, oc-
cupation choice model. Agents have a productivity for doing either low- or high-
skill work, and an entrepreneurial productivity. All productivities are stochastic,
which drives changes in occupational choices over time. I include two skill types
to speak to the heterogeneity in changes in entrepreneurship with respect to ed-
ucation. Each period agents choose whether to be out of the labor force, work as
an employee (dependent employment), or run a firm as an entrepreneur. There is
an entry cost for starting a business, a fixed costs of operating each period, and
production requires hiring labor and capital. There is also a non-entrepreneurial
sector.

Within this framework I consider several changes to the economy that have
the potential to explain the data. A natural consideration for the larger decline in
entrepreneurship for the more educated is skill-biased technical change (SBTC).
This force has pushed up the wages of high-skill people making dependent em-
ployment relatively attractive. The model captures SBTC in a standard way (e.g.
Krusell et al., 2000; Autor et al., 2003), with two types of capital and changes in their
prices shifting labor demand. Other types of technical changes are also promising.
The ‘superstar firms’ idea (Autor et al., 2017) is that technological developments
have disproportionately advantaged larger firms, which I model as increasing pro-
ductivity in the non-entrepreneur sector.4 Another line of thinking links produc-

4See Davis and Haltiwanger (2014) for discussion of this idea. While it is beyond the scope of
this paper to assess why exactly this has occurred—I model it in a general way—ideas include that
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tivity increases with larger fixed or entry costs (see Aghion et al., 2019; Hsieh and
Rossi-Hansberg, 2019; De Ridder, 2019; Weiss, 2020). There are other potential
causes of rises in these costs, including increases in regulations covering areas such
as occupation licensing, environmental protection, occupational health and safety,
and food safety.5

SBTC is most promising as an explanation for the empirical changes in en-
trepreneurship because it increases the high-skill wage. In isolation, this makes de-
pendent employment more attractive for the high-skilled and decreases the profits
of all entrepreneurs. This pushes down the entrepreneur share for everyone, and
more so for the high-skilled. However, these effects of SBTC do not occur in iso-
lation. It is important to consider their origin, and the other associated changes
in the economy. Specifically, the decrease in the price of IT capital increases prof-
its, since this is a production input, making entrepreneurship more attractive. It
also decreases the low skill wage, since that type of labor is relatively substitutable
for IT capital, further increasing profits. The overall effect on the aggregate en-
trepreneur share is therefore a quantitative question. To answer this, the model is
estimated using a rich array of empirical moments, with careful attention to match-
ing changes in wages over time. The result is that while SBTC explains much of
the decline in the relative entrepreneur share of more educated people, it cannot
explain the decline in the aggregate entrepreneur share.

Regarding increases in fixed costs, entry costs and the productivity of non-
entrepreneur firms, there are two key distinctions between their effects on en-
trepreneurship. The first is about how they affect the extensive margin of en-
trepreneurship (whether people are entrepreneurs or not) versus the intensive mar-
gin (how big their firms are). All of these changes to the economy cause fewer
people to be entrepreneurs. However, an increase in the productivity of non-
entrepreneur firms causes entrepreneur firms to shrink more than an increase in
fixed or entry costs that generates the same decline in the entrepreneur share. The
reason is that these changes to the economy have very different effects on wages.

new technologies have enabled people to better compare prices and qualities which advantages
the most productive firms, or larger firms are better placed to take advantage of new technologies
because of their size or better access to financing.

5See Decker et al. (2014a), Davis and Haltiwanger (2014) and Davis (2017) for discussions of
increasing regulation as an explanation for changes in business dynamism. Kleiner (2015) shows
that the prevalence of occupational licenses has increased over time. Some other possibilities for
rising fixed and entry costs include increases in the cost of finding a new idea (Bloom et al., 2020)
or increasing market entry costs, such as the cost of establishing a customer base (Bornstein, 2021).
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An increase in fixed or entry costs causes labor demand to fall, because fewer peo-
ple choose to be entrepreneurs, so wages fall. In contrast, when non-entrepreneur
productivity increases, the demand for labor from this sector increases, pushing
up wages. The increase in wages attracts more high-productivity agents out of en-
trepreneurship. Since these are the entrepreneurs with relatively large businesses,
it causes a larger decline in the employment of the entrepreneur sector.

The second key distinction arises from the effects of fixed and entry costs on the
entry rate. An important determinant of this rate is the size of the wedge between
the thresholds for entering and exiting entrepreneurship. A small wedge means
that small shocks can cause new entrepreneurs to exit, and vice versa, so there
is a lot of churn of entrepreneurs. When the wedge is larger, there is less churn.
Increasing fixed and entry costs have different effects on this wedge. Rising entry
costs increase the size of the wedge because they only affect the entry threshold.
Larger fixed costs move both thresholds. More importantly, when fixed costs are
larger, entrepreneurs need to be larger to operate. For larger firms, entry costs are
less important relative to their profits, and therefore less relevant for their entry
and exit decisions. This decreases the wedge between the thresholds and pushes
the entry and exit rates up.

By showing that increases in fixed costs, entry costs, and the relative values
of average entrepreneur and non-entrepreneur productivity have independent ef-
fects on three moments of entrepreneurship, the theory provides an identification
strategy for these parameters.6 Using this, these parameters are estimated for 1987
and 2015. I start the quantitative analysis by evaluating each explanation individ-
ually. All of these changes to the economy have some explanatory power for the
data, but none of them is a home run on its own. When the changes to the economy
are assessed jointly, the results decompose the contribution of each change to the
economy on each moment of entrepreneurship. The relevance of each factor de-
pends on the moment being considered. Increasing entry costs are the dominant
factor in generating the decline in the firm entry rate, increasing productivity of
non-entrepreneur firms accounts for most of the shift in employment to the non-
entrepreneur sector, and all three factors contribute significantly to the decline in
the entrepreneur share. A robustness exercise considers how allowing for changes
in labor force growth to affect entrepreneurship, as argued by Karahan et al. (2021),
Hopenhayn et al. (2021) and Peters and Walsh (2021), affects the results. By con-

6Independence is in the linear algebra sense of the term.
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struction this decreases the magnitude of the changes in the data that need to be
accounted for, but the messages about the relative roles of the mechanisms hold.

Since the decline in entrepreneurship has generated considerable concern, the
final section of the paper considers policies that could be used to boost entrepreneur-
ship. I evaluate the effects of subsidies to entry costs, fixed costs and entrepreneur
output. All subsidies have a negative net cost for the economy (i.e. the output gain
is greater than the cost), however they differ in their effects on entrepreneurship.
For a given program cost, the entry cost subsidy is the most effective at boosting
the entrepreneur entry rate, the share of people who are entrepreneurs and the
share of employment accounted for by the entrepreneur sector, as well as aggre-
gate output and consumption. This is, in general, because the entry cost subsidy is
more effective at targeting people who would not otherwise be entrepreneurs.

Contribution to the literature The main contribution of the paper is to further
our understanding of what has caused the decrease in entrepreneurship. Empiri-
cally, evidence of declining entrepreneurship has been documented in some recent
papers (see Davis et al., 2006; Decker et al., 2014a,b; Pugsley and S, ahin, 2019; Hyatt
and Spletzer, 2013). This research primarily focuses on measuring entrepreneur-
ship with the firm entry rate and uses firm microdata to study the phenomenon.
By using occupational choice data I provide new facts that are useful for evaluat-
ing competing theories. The decline in the share of people who are entrepreneurs
and the skill-biased nature of this decline are contributions that are shared with
Salgado (2019) and Jiang and Sohail (2022). These papers were developed simul-
taneously with, and independently of, the present paper. Evidence that the size
distribution of entrepreneur firms has been stable over time is unique to this pa-
per, and plays a key role in distinguishing between alternative explanations.

In evaluating the causes of the decline of entrepreneurship, the main contribu-
tions are to assess the relevance of SBTC and to quantify the contribution of a range
of explanations in a unified framework. Salgado (2019) and Jiang and Sohail (2022)
also evaluate SBTC in their contemporaneous work. Relative to these papers I eval-
uate SBTC alongside other potential explanations, and identify the contribution of
each of these by bringing the model and data together. In contrast to these papers,
I find that neither SBTC or increasing productivity of superstar firms are able to
explain the decline in the range of entrepreneurship moments that I consider and
that, instead, rising entry costs are key to understanding the changes that we have
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seen.
The relevance of rising fixed or entry costs for the decline in some measures

of entrepreneurship, as well as other macroeconomic trends, are considered by
De Ridder (2019), Barkai and Panageas (2021) and Gutierrez et al. (2019). The
present paper considers these factors alongside others, in a unified framework,
and evaluates them using a broad range of entrepreneurship moments. Hsieh
and Rossi-Hansberg (2019) and Weiss (2020) consider rises in these costs for other
macroeconomic trends.

Karahan et al. (2021), Hopenhayn et al. (2021) and Peters and Walsh (2021) eval-
uate the effect of a decreasing labor force growth rate on the firm entry rate. A
robustness exercise considers the impact of this explanation on the results. There
are also demographic theories based on the aging of the population (Kopecky,
2017; Engbom, 2017),7 research into the relevance of changes in market power
(De Loecker et al., 2021), and analysis of the effect of increasing inertia in customer
bases (Bornstein, 2021). Akcigit and Ates (2019, 2021) study the effect of a range
of changes to the economy in an innovation model. Methodologically, De Loecker
et al. (2021) and Akcigit and Ates (2019) are closest to this paper. They also use a
range of data moments to disentangle competing explanations.

This paper also contributes to the literature on skill-biased, and routine-biased,
technical change (e.g. Krusell et al., 2000; Autor et al., 2003; Acemoglu and Autor,
2011; Autor and Dorn, 2013; Lee and Shin, 2016) by showing that these changes to
the economy affect entrepreneurship as well the jobs and wages of employees.

From here, Section 2 provides empirical facts and Section 3 the model. Section
4 evaluates explanations for the decline in entrepreneurship theoretically. Section
5 calibrates the model, quantitative results are presented in Section 6, and Section
7 evaluates policies for boosting entrepreneurship.

2 Empirics

2.1 Data description

The data is the Current Population Survey (CPS). For the majority of the analy-
sis I use the Annual Social and Economic Supplement (the March supplement)

7The empirical evidence underlying these is controversial as the aging of the population implies
an increase in the entrepreneur share and the entry rate over time, based on estimates of these rates,
conditional on age, from the Current Population Survey and Azoulay et al. (2020).
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for 1988–2016 and focus on the civilian non-institutionalized population of people
aged 25–65 who are not working in the agriculture or government sectors.8 This
provides cross-sectional samples taken in March each year that, once weighted,
are representative of this population. The surveys ask respondents about their
employment experience in the previous year, so the data covers 1987–2015. The
sample size ranges from 63,019 to 105,283 individuals with an average of 87,292.

For the empirical analysis I define an entrepreneur to be a person who is self-
employed and has at least 10 employees in their business. The paper focuses on
classifying people according to their main job in the calendar year prior to when
each survey was conducted, since the March supplement provides information on
income and firm size for these jobs.9 The CPS classifies peoples’ main jobs into
five categories depending on who the work was for: the government; a private
for profit company; a non-profit organization, including tax exempt and charita-
ble organizations; self-employment; or for a family business.10 In defining an en-
trepreneur I place a size threshold on their business to focus attention on the most
economically significant businesses and avoid concern that any of the results are
driven by very small businesses. I choose a threshold of 10 employees since this
is the smallest threshold (other than zero) that is available for most of the sample
period (1991–2015). All results hold without this size threshold.11

To give a sense of what component of the economy self-employed people ac-
count for, Table 1 presents information on the size distribution of the businesses of
the self-employed and the size distribution of all firms in the economy for an ex-
ample year, 1997. The Self-employed column provides the number of self-employed
people with businesses in five size categories, measured with the number of em-
ployees, while the Firms column provides the number of firms in the whole econ-
omy in these categories. Self-employed people account for a little less than half

8The data has been accessed from the Integrated Public Use Microdata Series (Flood et al., 2015),
commonly known as IPUMS. Data prior to 1988 is omitted because the pre-1988 survey does not
allow for a consistent measure of self-employment over time. See the Appendix for a discussion
of this. I use ages 25–65 to reduce the effect of changes in education and retirement decisions over
time. I exclude the agriculture sector since there has been a significant decline in self-employment
in this sector over time and want to eliminate concern that any of the results are driven by this.

9A person’s main job is their longest job in the previous year. Over the sample period, employed
people earned an average of 96.4% of their self-employment and dependent employment income
in the previous calendar year from their longest job.

10In recent years the wording of the question that determines this has been: were you employed
by government, by a PRIVATE company, a nonprofit organization, or were you self-employed or
working in a family business? (Capitalization in original.)

11For those not presented in the main text, see the Appendix.
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Firm size Self-employed Firms
(employees) (000’s) (000’s)

<10 8,205.5 18,750.8
10–99 1,040.3 1,035.1

100–499 135.0 75.3
500–999 26.2 8.0
1000+ 133.3 9.5

Table 1: Size distribution of self-employed businesses and firms, 1997. The Self-
employed column is the number of self-employed people with businesses in each size category
(CPS and BLS). The Firms column is the number of firms in each size category (Business Dynamics
Statistics and Non-employer Statistics). Agriculture and public administration sectors are excluded
where relevant.

of the smallest businesses (<10 employees). Assuming that the self-employed in
this size category have one firm each, which the data supports,12 there are approx-
imately 8.2 million business in this size category associated with a self-employed
person, and 10.5 million without. The latter can arise because of people owning
businesses which they don’t run as their main occupation. For medium sized busi-
nesses (10–99 employees), self-employed people account for most of them: there is
an average of 1.35 owners per firm so the self-employed account for 770 thousand
out of the 1.04 million firms.13 For large businesses (100+ employees) there are
many more self-employed people than firms: 133,300 compared to 9,500. While
I don’t have an estimate of the number of owners per firm in this category these
numbers indicate that there are many self-employed people running large busi-
nesses.14

2.2 Aggregate entrepreneur share

I define the aggregate entrepreneur share to be the share of the labor force who
are entrepreneurs.15 I use the labor force as the numerator rather than the popu-
lation to abstract from the effect of changes in labor force participation over time.
I define the self-employed share analogously. These two shares are presented in

12In 1992 there was 1.07 owners per business for businesses with less that 10 employees in the
US. Assuming that most of these owners work in their business as their main job, which seems
reasonable for small businesses, this supports that there is approximately one self-employed person
per business in this size category. The data source for this is discussed in the Appendix.

13See the Appendix for a discussion of this owners per firm estimate.
14The Survey of Business Owners does not provide a useful estimate of the number of owners per

firm in this size category because it omits C corporations, which are relevant in this size category.
15See the Appendix for the details of the labor force definition.
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Figure 1: Entrepreneur share and size distribution of businesses. The self-employed
and entrepreneur shares are the shares of the labor force who are self-employed and entrepreneurs,
respectively. Their values are presented on the left and right axes of panel (a), respectively. The
scales are such that the relative values of the two axes are constant. Panel (b) presents the distribu-
tion of the number of employees of businesses of the self-employed (log scale).

Figure 1(a). The entrepreneur share (right hand axis) has declined from 1.56% to
1.19%, a 24% decrease, while the self-employed share (left hand axis) has declined
from 11.4% to 9.6%, a decrease of 16%. Both rates have cyclical fluctuations but
downward trends.

There are a number of factors that could explain this fact, which would not
imply that there has been a general decline in entrepreneurship. The aggregate
decline could be the result of composition effects, it could be driven the a small
number of sectors, it could be due to a decreasing share of entrepreneurs being
captured by the definition over time because of changes in time allocation between
occupations or ownership structure. In the Appendix I show that the fact is robust
to these considerations.

2.3 Entrepreneur firm size

The second fact is that the size distribution of entrepreneur firms has been stable
over time. Figure 1(b) presents the share of self-employed people with firms in
different size categories for 1991–2015.16 It shows that the shares in each category
have been approximately flat over time. There is an uptick in the share of the self-
employed with businesses with 500–999 employees at the end of the sample, but
this is only in the last three years and so does not establish a long run upward

16I omit 1987–90 since the size categories are different for this period.
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trend.
This fact has two important implications. First, it means that the decline in en-

trepreneurship has not been concentrated among the smallest businesses that are
likely to have the least economic impact. The trend appears to apply to businesses
evenly across the size distribution. Second, the fact that the size distribution has
been fairly stable and the share of the labor force who are self-employed has de-
creased indicates that over time there has been a shift in economic activity towards
firms that aren’t run by a self-employed people. I will call these non-entrepreneur
firms.

2.4 Changes in entrepreneurship by education

The third fact is about how the decrease in the entrepreneur share has differed
across the education distribution. For this analysis I divide the sample into five
groups according to the highest level of education that each person has completed:
less than high school (<HS), high school (HS), some college education but less than
a bachelor’s degree (some college), a bachelor’s degree (college) and more educa-
tion than a bachelor’s degree (>college). Figure 2(a) shows that the entrepreneur
share is higher for more educated people throughout the period of analysis and
has been decreasing more rapidly. To compare the changes in entrepreneur shares
across these groups, panel (b) presents the percentage change in the entrepreneur
share from 1991–94 to 2012–15 for each group. I pool data across years at the end
points to smooth out year to year volatility. It shows a clear pattern of larger de-
creases in the entrepreneur share for higher education levels. At less than a high
school education the decrease is 5.1% while for more than a college education the
decrease is 47.7%.

The larger decline in entrepreneurship for more educated people is robust to a
number of considerations, which are explored in detail in the Appendix. The fact
holds when the self-employed share is used instead of the entrepreneur share, so
it applies for people with smaller business as well as larger ones. The professional
services, and finance, insurance and real estate sectors, account for a relatively high
share of employment for higher education groups, so it could be that these sectors
are driving the result. This would be the case, for example, if the fact was due to
lots of lawyers, doctors and accountants switching from running their own busi-
nesses to working for someone else. However, the fact holds when these sectors
are dropped from the sample, and the magnitudes of the declines conditional on
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Figure 2: Entrepreneur share by education and percentage change. Panel (a) is the
share of the labor force for each education level who are entrepreneurs. Panel (b) is the relative
change in the entrepreneur share from 1991–94 (pooled date) to 2012–15 for each education group
(i.e. −0.1 is a decline of 10%). The whiskers are 95% confidence intervals estimated by Poisson
regression.

education remain very similar.
To summarize, the share of the labor force who are entrepreneurs has declined

and, since entrepreneurial firms have not increased in size, that labor has shifted
towards the non-entrepreneurial sector. In addition to these two margins of en-
trepreneurship declining, it is well known that the rate at which new businesses
are being formed has also declined (see, for example, Decker et al., 2014b; Pugsley
and S, ahin, 2019). The decline has been skill-biased, with a larger fall in the en-
trepreneur share for more educated people. These four moments of the data will
form the basis for evaluating potential explanations.

3 Model

3.1 Environment

Time is discrete and infinite, and there is a unit mass of agents. When an agent
is born it has a type, high or low-skill, which is fixed for life. With probability θh
an agent is a high type, and otherwise she is a low type. An agent that is a high
type draws a productivity zh for doing high-skill work at birth, and if she is low
type then she draws a productivity for low-skill work zl. Each agent also receives
an entrepreneurial productivity ze at birth. To simplify notation going forward, let
z = [zl, zh, ze] be the productivity vector of an agent, with zl = 0 for high types and
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zh = 0 for low types. At birth this productivity vector is drawn from a distribution
G(z). It then evolves stochastically over time according to a Markov chain, G(z′|z).
The distribution for initial draws,G(z), is the stationary distribution of the Markov
chain. Agents discount the future at rate β and each agent dies at the end of each
period with probability δ. An agent that dies is replaced by a new agent at the start
of the next period.

For the quantitative exercise later in the paper, θh and the productivity distri-
butions will be allowed to depend on an agent’s education level so that the model
can be mapped to the data. Education will be taken as given. For now, education
is suppressed, as it is not essential for the theory.

Each period agents must choose whether to work and what kind of work to do:
their occupational choice. If an agent chooses not to work she receives b units of con-
sumption, which can be thought of as the output of home production, consumption-
equivalent units of leisure, or a combination of both. If an agent has low-skill pro-
ductivity zl > 0 then she can work as a low-skill employee. She will provide zl
efficiency units of low-skill labor and earn income zlwl, where wl is the low-skill
wage per efficiency unit. If an agent has high-skill productivity zh > 0, then she can
work as a high-skill worker and earn zhwh, with these variables interpreted analo-
gously to zl and wl. Finally agents can choose to be entrepreneurs. If an agent was
not an entrepreneur last period then she needs to pay an entry cost ψe. Then each
period of entrepreneurship the agent pays a fixed operating cost, ψ, and can run a
production technology f(ze, ko, ki, ℓl, ℓh). It is assumed that being an entrepreneur
is a full-time occupation so that an entrepreneur can’t also be an employee.17 As
an entrepreneur the agent hires inputs to produce and keeps the profits from the
operation.

There are four production inputs. The two types of capital, IT capital ki and all
other capital ko. These can be rented at rates ro and ri, respectively. The two labor
inputs are high and low-skill labor measured in efficiency units, ℓl and ℓh, which
have prices wl and wh. These inputs are combined in the following way:

f(z, ko, ki, ℓl, ℓh) = zkηo

[
ϕℓγh + (1− ϕ)(λkτi + (1− λ)ℓτl )

γ
τ

]α
γ
, (1)

where η, ϕ, λ, α ∈ (0, 1); α+ η < 1; and τ, γ < 1. This technology follows the nested

17The data supports this approach. For every year in the CPS from 1987 to 2015, the average
share of annual income from a person’s main job is over 95% for both the self-employed and the
dependent employed.
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CES structure used in (Krusell et al., 2000; vom Lehn, 2015; Eden and Gaggl, 2018)
to embody SBTC. The key features are that there are two elasticity of substitution
parameters that control the degree of substitutability/complimentary between the
two types of labor and IT capital. With appropriate values for these, the technology
captures the idea that improvements in capital technology have allowed capital
to substitute for lower skill labor, and increased demand for higher skill workers
(Krusell et al., 2000; Autor et al., 2003; Autor and Dorn, 2013).18

The objective of each agent is to maximize the present discounted value of util-
ity. The utility function is u(c), satisfying u′(c) > 0, u′′(c) < 0 and limc→0 u

′(c) = ∞.
Agents consume what they earn each period.19

There is also a non-entrepreneurial sector, modeled by a representative non-
entrepreneur firm. It has productivity zf and produces using the same production
function as entrepreneurs, f(zf , ko, ki, ℓl, ℓh).20 This firm should be thought of as
representing large firms in the economy, such as public firms, that don’t have an
owner who runs them. In contrast to entrepreneurial firms, the productivities of
non-entrepreneurial firms are assumed to be intrinsic to the firm, embodied in the
ideas and institutional structures that have been developed over time rather than
being attached to an owner-manager.21 The representative non-entrepreneur firm
is owned equally by all agents and is operated to maximize the present discounted
value of profits.

3.2 Optimization problems and equilibrium

Let ϵ ∈ {0, 1} be an indicator for whether an agent was an entrepreneur in the
previous period. The value function of an agent at the start of a period is denoted

18While SBTC is sometimes modelled directly as a change in the relative productivity of high
skill workers, this paper takes changes in IT capital technology as the microfoundation for this, as
discussed in Violante (2008).

19Saving is abstracted from since its not central to the mechanisms being studied.
20It would be equivalent to have a continuum of non-entrepreneur firms with a distribution of

productivities, as they would aggregate to a representative firm. I abstract from fixed and entry
costs for this sector, since it is composed of large firms for whom these costs would be insignificant.

21An alternative approach would be to allow non-entrepreneur firms to have managers whose
entrepreneurial productivities affect the productivities of these firms. However, the number of non-
entrepreneur firms in the economy is small, so, if you were to count such people as entrepreneurs,
it would not be quantitatively important for moments of entrepreneurship. For example, in the
quantitative exercise the non-entrepreneur sector is estimated to account for 50% of employment
in the economy in 1987. In that year in the data, this share of the economy was accounted for by
the largest 0.7% of firms (Business Dynamics Statistics).
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V (z, ϵ).22 The value functions for being out of the labor force, a low-skill employee,
a high-skill employee, and an entrepreneur are, respectively:

Volf(z, ϵ) = u(b+ πf ) + β(1− δ)E[V (z′, 0)|z], (2)

Vl(z, ϵ) = u(zlwl + πf ) + β(1− δ)E[V (z′, 0)|z], (3)

Vh(z, ϵ) = u(zhwh + πf ) + β(1− δ)E[V (z′, 0)|z], (4)

Ve(z, ϵ) = u(π(ze, ϵ) + πf ) + β(1− δ)E[V (z′, 1)|z]. (5)

πf is the profit of the non-entrepreneur sector and the profit of an entrepreneur is

π(ze, ϵ) = max
{ko,ki,ℓl,ℓh}

{
f(ze, ko, ki, ℓl, ℓh)− wlℓl − whℓh − roko − riki − 1ϵ(0)ψe − ψ

}
.

1a(A) is the indicator function for whether variable a has value A, when A is a real
number, and whether a ∈ A, when A is a set. The optimal choice for input x and
the resulting profit function are

x(ze) = Γxz
1

1−α−η
e , (6)

πe(ze, ϵ) = Γπz
1

1−α−η
e − 1ϵ(0)ψe − ψ,

where the Γ’s are functions of parameters and prices provided in the Appendix.
Let the output of a firm be denoted y(ze).

Denote the set of possible occupations O ≡ {olf, l, h, e} where the notation cor-
responds to the subscripts on the relevant value functions. The value function and
occupation choice function satisfy:

V (z, ϵ) = max
x∈O

Vx(z, ϵ),

o(z, ϵ) = argmax
x∈O

Vx(z, ϵ). (7)

The production problem for the representative non-entrepreneur firm is

πf = max
{ko,ki,ℓl,ℓh}

{
f(zf , ko, ki, ℓl, ℓh)− wlℓl − whℓh − roko − riki

}
,

which yields the same functions for input choices and output as for entrepreneur

firms, x(zf ) and y(zf ), and the profit is πf = Γπz
1

1−α−η

f .
Agents in the model are distributed over the states (z, ϵ) ∈ R3

+ × {0, 1} ≡ Z.

22The value function of course depends on the aggregate state as well. Since the focus will be on
the stationary equilibrium in which the aggregate state is constant, this state variable is suppressed.
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There will be a stationary distribution of agents over these states, Q : ΣZ → [0, 1],
where ΣZ is the relevant σ-algebra on the state space.23 The market clearing condi-
tions are: ∫

Z
1o(s)zs dQ =

∫
Z
1o(e)ℓs(ze) dQ+ ℓs(zf ), for s ∈ {l, h}, (8)∫

Z
1o(e)

(
πe(ze, ϵ) + wlℓl(ze) + whℓh(ze) + roko(ze) + riki(ze) + 1ϵ(0)ψe + ψ

)
dQ

+ πf (zf ) + roko(zf ) + riki(zf ) =

∫
Z
1o(e)y(ze) dQ+ y(zf ). (9)

The analysis will focus on the stationary equilibrium of the model, which is defined
as follows.

Equilibrium A stationary equilibrium is a pair of wages {wl, wh}, a function for oc-
cupational choices o(zl, zh, ze, ϵ), production input decisions for entrepreneurs and non-
entrepreneur firms {ℓl(z), ℓh(z), ko(z), ki(z)} with z = ze for entrepreneurs and z = zf

for non-entrepreneurs, and a distribution Q of agents over idiosyncratic states, such that:
the production input decisions of entrepreneurs and non-entrepreneur firms satisfy (6); oc-
cupational choices satisfy (7); the distribution of agents Q is stationary; and the markets
for low-skill labor, high-skill labor and the final good clear in accordance with (8) and (9).

4 Sources of declining entrepreneurship

The analysis of declining entrepreneurship focuses on a set of theories that are
guided by the empirical facts presented in Section 2, and theories that have been
proposed in the literature. The first is SBTC, as previewed in the previous section.
This force has pushed up the wages of higher skill people, in a way that could
decrease their entrepreneur share, and thereby the aggregate entrepreneur share
as well.

The second idea that is explored is that there have been other changes in tech-
nology that have advantaged the largest firms in the economy and resulted in
production becoming increasingly concentrated among them.24 This type of force
has the potential to decrease both the entrepreneur share, and the size of the en-
trepreneur sector, consistent with the data. I’ll call this the superstar firms hypothe-
sis, adopting the language of Autor et al. (2017) who study the effects of this on the

23The mathematical details of the stationary distribution are standard and are available on re-
quest.

24See Davis and Haltiwanger (2014) for discussion of this idea.
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labor share. In the model I treat this as an increases in the productivity of the non-
entrepreneur sector. Ideas for why technological change would have advantaged
these firms include that new technologies have enabled people to better compare
prices and quantities, which advantages the most productive firms, or larger firms
are better placed to take advantage of new technologies because of their size or
better access to financing.

There is a third class of explanations that relate to increasing fixed and entry
costs in the model. One explanation in this class is that the level of regulation
has increased and, because regulations have a large fixed cost of compliance, they
have burdened smaller businesses more.25 Regulations that are commonly dis-
cussed as having this effect include increases in occupational licensing, weaker
enforcement of anti-trust laws and zoning restrictions.26 Another idea that focuses
on rising fixed or entry costs is that changes in technology have increased the fixed
cost component of production, generating an advantage for larger firms (Aghion
et al., 2019; Hsieh and Rossi-Hansberg, 2019; De Ridder, 2019). Examples of this
include firms like Amazon and Walmart that have sophisticated logistic systems
that would be expensive to replicate, but allow them to deliver products with low
variable cost. Another example from the services sector is restaurant chains cen-
tralizing the development of menus and the training of chefs (see Hsieh and Rossi-
Hansberg, 2019).27

4.1 Occupational sorting in a simplified model

Consider a version of the model which has a single period. Agents are either low or
high-skill, and each is endowed with a vector of productivities z. Agents choose
their occupation and the payoffs are given by equations (2)–(5) with β = 0. To
maintain the effect of the entry cost on the occupation decision, it is assumed that
a fraction of agents have ϵ = 1 so that they don’t have to pay the entry cost to be
entrepreneurs and the remainder of agents do face this cost (ϵ = 0). Agents with

25See Decker et al. (2014a), Davis and Haltiwanger (2014) and Davis (2017) for discussions of this
explanation.

26The motivation for the discussion of occupational licensing is Kleiner (2015) who shows that
the prevalence of occupational licenses has increased over time. Hsieh and Moretti (2017) argue
that zoning restrictions have contributed to high property prices in major economic centers like
New York and the Bay Area. While they do not study the effect of this on entrepreneurship, the
increase in property prices will increases the upfront cost of any business that needs physical space.

27There are, of course, other possible causes of rising fixed and entry costs including increases in
the cost of finding a new idea (Bloom et al., 2020) or increasing market entry costs, such as the cost
of establishing a customer base (Bornstein, 2021).
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ϵ = 1 can be thought of as being endowed with a business, while other agents have
to set one up if they want to be an entrepreneur.

Figure 3 presents the occupational choice policies of agents in this version of
the model. First consider low types whose occupational choices are presented in
panel (a). The productivity of an agent when working as an employee is on the
horizontal axis and their productivity as an entrepreneur is on the vertical axis.
For low levels of ze agents will either work as an employee or chose to be out of
the labor force. Since the value of being a low-skill employee is increasing in zl and
the value of being out of the labor force is constant, there is a threshold (

¯
zl = b/wl)

above which agents choose to work and otherwise they do not. Moving vertically
up the figure, there are two thresholds that separate agents who are entrepreneurs
from those who are out of the labor force or working as employees. These thresh-
olds are a function of the employee productivity of an agent, zl, and whether she is
endowed with a business, ϵ. The higher of these,

¯
zle(zl, 0), is the threshold for agents

who are not endowed with a business (ϵ = 0). In general, agents with higher en-
trepreneurial productivity are more likely to be entrepreneurs. For low values of zl
the threshold is flat because the outside option to entrepreneurship is being out of
the labor force, and this has the same value for everyone. For zl >

¯
zl this threshold

is increasing in the level of zl because agents with higher zl earn more as employ-
ees and therefore need to make higher profits as entrepreneurs in order to choose
that profession. The threshold is concave because the return to being an employee
is linear in zl while the return to being an entrepreneur is convex in ze. The second
threshold,

¯
zle(zl, 1), is for agents who are endowed with a business (ϵ = 1). These

agents choose to be entrepreneurs for lower values of ze because they do not need
to pay the entry cost. In the dynamic model,

¯
zle(zl, 0) corresponds to the threshold

for entering entrepreneurship, while
¯
zle(zl, 1) corresponds to the exit threshold.

For high-skill types the tradeoffs are the same except that the value of being an
employee is zhwh instead of zlwl. The two panels in Figure 3 are drawn to depict
a case in which zl and zh have the same range and wh > wl. This illustrates two
points. The first is that since high-skill agents earn more for a given productivity
they will choose to be out of the labor force for a smaller range of productivities.
That is,

¯
zh = b/wh <

¯
zl. Second, for a given employee productivity, the ze threshold

for being an entrepreneur is higher for high-skill types because they earn more as
employees:

¯
zhe (x, 1) > ¯

zle(x, 1) and
¯
zhe (x, 0) > ¯

zle(x, 0) for all x >
¯
zh. The functional
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Figure 3: Equilibrium occupational choices.
¯
zse(zs, ϵ) is the threshold value of ze above

which agents of skill type s ∈ {l, h}, worker productivity zs, and business endowment state ϵ,
choose to be an entrepreneur.

¯
zs is the minimum employee productivity level for which an agent

of skill type s could choose to be an employee.

form for the entrepreneurship boundaries for an agent with skill type s ∈ {l, h} is:

¯
zse(zs, ϵ) =


(
b+ ψ + 1ϵ(0)ψe

Γπ

)1−α−η

for zs ∈ (0,
¯
zs],(

zsws + ψ + 1ϵ(0)ψe

Γπ

)1−α−η

for zs >
¯
zs.

(10)

It should also be noted that the size of the regions in Figure 3 should not be
interpreted as indicating the relative shares of the occupation categories. This de-
pends on the thresholds depicted as well as the distribution of agents over the
productivity space.

4.2 Skill-biased technical change

The force driving SBTC in the model is a decrease in the rental rate of IT capital,
ri. As is well understood from the technical change literature (e.g. Krusell et al.,
2000) this will affect the equilibrium wages of high and low-skill workers, with the
changes depending on the values of the two elasticity of substitution parameters
for the production function. For the period of time being studied, the main change
in wages was an increase in the high-skill wage. So this analysis focuses on the
effect of decreasing ri and increasing wh on occupational choices.

The following proposition characterizes the effects of these changes on agents’
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decisions about whether to be entrepreneurs. Derivatives that are conditional on
w hold the wages fixed. Otherwise they express equilibrium relationships. All
proofs are in the Appendix.

Proposition 1. The effects of changes in the IT capital rental rate and the high-skill wage on the
entrepreneur thresholds are as follows.

(a) For all s ∈ {l, h}, ϵ ∈ {0, 1} and zs > 0,

∂
¯
zse(zs, ϵ)

∂ri

∣∣∣∣
w

> 0 and
∂
¯
zse(zs, ϵ)

∂wh
> 0.

(b) If wh > wl, then for all zs >
¯
zh and ϵ ∈ {0, 1},

∂
¯
zhe (zs, ϵ)

∂ri

∣∣∣∣
w

>
∂
¯
zle(zs, ϵ)

∂ri

∣∣∣∣
w

and
∂
¯
zhe (zs, ϵ)

∂wh
>
∂
¯
zle(zs, ϵ)

∂wh
.

(c) For all s ∈ {l, h} and zs > 0,

∂[
¯
zse(zs, 0)−¯

zse(zs, 1)]

∂ri

∣∣∣∣
w

> 0.

Parts (a) and (b) of this proposition tell us about the effects of SBTC on the share
of agents who are entrepreneurs. If we were to consider a pure increase in wh

(no change in ri), these results have clear implications for how entrepreneurship
decisions change. The entrepreneurship thresholds,

¯
zse(zs, ϵ) for ϵ ∈ {0, 1}, will

increase for both skill types, and the increases will be larger for high-skill types.
This will decrease the share of agents of each skill type who are entrepreneurs.
Whether the decrease is larger for high-skill types will depend on the shape of the
distributions of low and high-skill agents in the productivity space. If the mass of
agents distributed near the entrepreneurship threshold is similar for the two skill
types, then the entrepreneur share for high-skill agents will decrease more. This
indicates how an increasing high-skill wage could generate these patterns, which
were documented in the data in Section 2.

The fact that this change in the high-skill wage is driven by a declining rental
rate for IT capital complicates the analysis. It increases the profit of entrepreneurs
because it is a decline in an input price, which decreases all entrepreneurship
thresholds and increases the entrepreneur share for both skill types. This effect
offsets the decline in entrepreneur shares due to the increase in the high-skill wage.

In the static model, the analog of the entry rate is the share of entrepreneurs
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who were not endowed with a business, i.e. those with ϵ = 1. For the purposes of
this section I will call this the “entry rate.” A key factor affecting this is the size of
the wedge between the productivity thresholds for running a business for people
with and without an endowed business. As this wedge decreases, the entry rate
will tend to increase.28 For an agent with skill type s and zs >

¯
zs, this wedge is

¯
zse(zs, 0)− ¯

zse(zs, 1) =

(
1

Γπ

)1−α−η (
[zsws + ψ + ψe]

1−α−η − [zsws + ψ]1−α−η
)
. (11)

A decrease in ri has two types of effects on this wedge. It changes the profitability
of entrepreneurs, which shows up in the Γπ term. The direct effect of decreasing ri
is to increase profitability. This decreases the wedge because, if entrepreneurs are
more profitable, then the entry cost is less relevant to them. This is the effect cap-
tured in part (c) of the proposition and it pushes in the opposite direction of what
has occurred in the data. To the extent that the falling IT capital price increases
the high-skill wage, it will decrease entrepreneur profits and offset this effect. This
price change has a second effect for high-skill agents, captured by the zsws terms
when s = h. This effect is that an increase in the high-skill wage pushes up the pro-
ductivity threshold for being an entrepreneur because the outside option is better.
This means than in equilibrium high-skill entrepreneurs are more profitable, so
that the entry cost is less relevant to them and the wedge decreases.

The third dimension of entrepreneurship under consideration is the share of
employment at entrepreneur firms. This depends on the share of people who are
entrepreneurs, and the amount of labor that each entrepreneur hires. As just men-
tioned, the direct effect of a fall in the price of IT capital is to increase the share
of people who are entrepreneurs, which increases the share of employment at en-
trepreneur firms. The effect on the employment level of each firm depends on the
elasticity of substitution parameters. To the extent that demand of high-skill labor,
as a complementary input to IT capital, increases, firms will grow larger. If low-
skill labor is substitutable for IT capital then this will decrease the size of firms.

The overall message is that while there are good theoretical reasons for SBTC to
decrease the relative entrepreneur share of high-skill agents, there are competing
forces determining the changes in other moments of entrepreneurship that need to
be determined quantitatively. Sections 5 and 6 will do this.

28The observed change will also depend on the direction and size of the changes in these thresh-
olds, and the shape of the distribution over the state space.
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4.3 Non-entrepreneur productivity, fixed costs and entry costs

The next proposition characterizes the effects of the expansion of non-entrepreneur
firms, and increases in fixed and entry costs on the entrepreneur thresholds.

Proposition 2. Increases in non-entrepreneur productivity, fixed costs and entry costs have the
following effects on the entrepreneur thresholds.

(a) If ∂ws/∂zf > 0, then for all s ∈ {l, h}, then for all s ∈ {l, h}, ϵ ∈ {0, 1} and zs > 0,

∂
¯
zse(zs, ϵ)

∂zf
> 0.

(b) For all s ∈ {l, h}, ϵ ∈ {0, 1} and zs > 0,

∂
¯
zse(zs, ϵ)

∂ψ

∣∣∣∣
w

> 0,

and
∂[
¯
zse(zs, 0)−¯

zse(zs, 1)]

∂ψ

∣∣∣∣
w

< 0.

(c) For all s ∈ {l, h} and zs > 0,
∂
¯
zse(zs, 0)

∂ψe

∣∣∣∣
w

> 0,

and, if ∂ws/∂ψe < 0 for all s ∈ {l, h},

∂
¯
zse(zs, 1)

∂ψe
< 0.

By characterizing how the non-entrepreneur thresholds change, this proposi-
tion provides guidance on how the changes to the economy being studied affect
the share of agents who are entrepreneurs and the entry rate. Start by consider-
ing the effects of increasing non-entrepreneur productivity, which the proposition
assumes causes wages to increase. This restriction is weak in the sense that an in-
crease in zf causes demand for both types of labor to increase, so, under reasonable
parameter values such as those in the quantitative exercise, this will be satisfied.
The increase in wages makes entrepreneurship less profitable and increases the
returns to being a worker, so entrepreneur thresholds increase and fewer agents
choose to be entrepreneurs.

The increase in non-entrepreneur productivity doesn’t have a clear qualitative
effect on the entry rate of entrepreneurs. This can be seen with equation (11). On
one hand, the increase in wages that this change generates decreases the profits of
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entrepreneurs (captured by the Γπ term in the equation). This increases the wedge
between the two entrepreneur thresholds. On the other hand, the increase in wages
pushes up the outside option, so that the marginal entrepreneur is more profitable
and the entry cost matters less to them.

Part (b) of the proposition characterizes the effects of increasing fixed costs. The
direct effect (holding wages fixed) of increasing fixed costs on the entrepreneur
thresholds is to increase them. Higher fixed costs decrease the payoff from be-
ing an entrepreneur, so only more profitable entrepreneurs will keep choosing this
profession. The magnitude of this effect for the marginal entrepreneurs who have
to start a business, and those who are already endowed with one, differ. Condi-
tional on skill type and employee productivity, the marginal entrepreneur starting
a new business needs to be more productive and profitable than the marginal en-
trepreneur who is endowed with a business. The fixed cost therefore effects the
marginal entrepreneur who is endowed with a business more, so the entrepreneur
threshold for this type of agent increases more than for agents starting new busi-
nesses. Thus, the wedge between these two thresholds decreases, as stated in part
(b) of the Proposition. This will tend to increase the entry rate, subject to the same
caveats about the importance of the shape of the distribution of agents across the
state space that were discussed earlier.

An increase in the entry cost has some qualitatively different effects (part c of
the proposition). For entrepreneurs who need to start a business the effect is the
same as for an increase in fixed costs: the threshold for becoming an entrepreneur
increases. Holding wages fixed, there is no effect on the occupational choice of
agents endowed with a business. Under reasonable parameters, wages will de-
crease in equilibrium since, with fewer people choosing to be entrepreneurs, de-
mand for both types of labor falls. The decrease in wages makes it more profitable
to be an entrepreneur, pushing the entrepreneur threshold down for agents en-
dowed with a business. These forces increase the wedge between the entrepreneur
thresholds for agents who are endowed with a business and those who aren’t,
which can decrease the entry rate. The differing effects on the occupational choices
of agents endowed with businesses is the key distinction between the effects of in-
creasing fixed and entry costs.

In accordance with part (b) of the proposition, and the first half of (c), this dis-
cussion of the effects of increasing fixed and entry costs has mostly put general
equilibrium effects though wages to the side. Increases in these costs put down-
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ward pressure on wages by decreasing the number of entrepreneurs, and therefore
decreasing demand for labor. These wage effects complicate the analysis of the ef-
fect on entrepreneur thresholds by changing the value of the outside option to
entrepreneurship. When wages are lower, agents need to make a lower return on
entrepreneurship to choose this occupation. This works against upward pressure
that rising fixed and entry costs have on the entrepreneur thresholds. The quan-
titative analysis will show that for the estimated parameters values these general
equilibrium effects are not strong enough to overturn the forces emphasized here.

Putting these results together, while increasing non-entrepreneur productivity,
fixed costs and entry costs can all generate a decrease in the entrepreneur share,
rising entry costs are the most likely to push the entry rate down. Increasing non-
entrepreneur productivity has an ambiguous effect on this moment, while higher
fixed costs push it up.

4.4 Parameter identification

The quantitative exercise will require measures of fixed costs, entry costs and non-
entrepreneur productivity for 1987 and 2015. Due to difficulties measuring these
directly, they will be inferred from other moments of the data. I now discuss why
these parameters have independent effects on three moments—the entrepreneur
share, the entry rate and the share of employment at entrepreneur firms—so that
these moments can be used to identify them.29

While increases in all parameters in question push the entrepreneur share down,
as explained above, they have quite different effects on the other moments and this
is what provides the identification. For distinguishing between fixed costs and en-
try costs, the key moment is the entry rate. The previous analysis shows that while
higher fixed costs tend to increase the entry rate, higher entry costs tends to de-
crease it. So with values of the entrepreneur share and the entry rate, both of these
costs can be estimated.

For distinguishing changes in non-entrepreneur productivity from changes in
fixed and entry costs, it is the share of employment at entrepreneur firms that is
key. The Appendix provides a formal proposition to underpin this part of the
identification strategy, but the intuition is as follows. Focus on distinguishing

29The effects need to be independent in the linear algebra sense of this term. If the values of the
three moments are plotted in R3, then the effects of the three parameter changes need to generate
vectors that are linearly independent in this space.
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Figure 4: Occupational choice when non-entrepreneur productivity or fixed costs
increase. This is a stylized representation of the entrepreneur threshold for agents with skill
s when ψe = 0. In this case the threshold does not depend on ϵ so there is only one of them.
The threshold is plotted for three cases: a baseline, and after increases in fixed costs and non-
entrepreneur productivity, with these increases resulting in the same entrepreneur share (areas A
and B have the same mass of agents in them).

an increase in non-entrepreneur productivity from an increase in fixed costs.30

Choose the magnitudes of these parameter changes so that they generate the same
decrease in the entrepreneur share. Since an increase in fixed costs decreases
wages (because there are fewer firms and lower labor demand) while an increase in
non-entrepreneur productivity increases wages (because labor demand increases),
these parameter changes have different effects on the selection of entrepreneurs.
Figure 4 illustrates this.31 It shows a baseline threshold for agents to choose en-
trepreneurship, as well as thresholds for the cases of higher fixed costs and higher
non-entrepreneur productivity. Since higher fixed costs cause wages to decrease
and profits to increase, it makes the threshold for being an entrepreneur flatter.
For an increase in non-entrepreneur productivity, the opposite is true. This means
that for a given entrepreneur share, average entrepreneur productivity is higher
after an increase in fixed costs, so the share of employment in the entrepreneur
sector is higher. This is clear in the figure because there must be equal masses of
entrepreneurs in areas A and B and all entrepreneurs in area B have higher pro-
ductivity than those in A. Thus the combination of the change in the entrepreneur
share and the change in the employment share of entrepreneurs allows for the
identification of changes in fixed costs and non-entrepreneur productivity.

30The intuition carries over to distinguishing entry costs from non-entrepreneur productivity.
31Note that there is only one threshold separating entrepreneurs from non-entrepreneurs in the

figure because the entry cost is zero in this example.
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5 Calibration

5.1 Details for taking model to data

Skills I define high skill work to be non-routine cognitive occupations, as defined
by Acemoglu and Autor (2011), and low skill work to be all other occupations. I
abstract from the differences within this second category of occupations since the
key force under my theory is the increase in demand for high-skill employees as
technology changes, rather than the differential effects among low-skill workers
who are all worse off relative to the high-skilled.32

Education To be able to directly compare entrepreneurship rates by education
in the data and the model, I add education groups to the model. I assume that
there are two education levels: college and non-college (those who have, or have
not, completed a four year college degree), denoted by C and N respectively. In
the model, each agent is endowed with an education level and these draws are
made to match the education shares in the data. The share of agents with a non-
college education is denoted ω. Education will matter by affecting the probability
of being a high-skill type, θξh for ξ ∈ {N,C}, the distribution from which initial
productivities is drawn Gξ(z), and the law of motion for productivities Gξ(z′|z).

Functional forms The worker productivity of agent j with education level ξ ∈
{N,C} and skill level s ∈ {l, h} is assumed to be zs,j,t = exp(z̃s,j,t), with z̃s,j,t fol-
lowing the AR(1) process

z̃s,j,t = µξ
s + ρsz̃s,j,t−1 + σξ

sεs,j,t

with εs,j,t ∼ N(0, 1). Entrepreneur productivity for this agent is

ze,j,t = ζ exp(µe,j,t + z̃e,j,t).

ζ is simply a scaling term that will be useful for simulating changes in the pro-
ductivity level for all entrepreneurs. The second term in the parenthesis follows a
standard AR(1) process

z̃e,j,t = ρez̃e,j,t−1 + σξ
eεe,j,t

32See Acemoglu and Autor (2011), Autor and Dorn (2013), Goos et al. (2014), Jaimovich and Siu
(2020), vom Lehn (2015), Cortes et al. (2017), and Lee and Shin (2016) for research emphasizing the
distinction between these lower skill occupations. More details on the occupation classification are
in the Appendix.
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with εe,j,t ∼ N(0, 1) being independent of εs,j,t.33 The correlation between worker
and entrepreneur productivity comes through the term µe,j,t, which is a function
of agent j’s contemporaneous worker productivity:

µe,j,t = µ̄ξ
e + χξ

(
z̃s,j,t − Eξ[z̃s]

Vξ[z̃s]
1
2

)
,

where Eξ[z̃s] and Vξ[z̃s] are the unconditional expected value and variance, respec-
tively, of z̃s for agents with education level ξ. This specification allows mean en-
trepreneur productivity to differ across education levels through the µ̄ξ

e term, and
the strength and direction of the correlation between worker and entrepreneur pro-
ductivity is controlled by χξ, which is also dependent on education. The final term
is the deviation of an agent’s worker productivity from its mean value, in units
of the relevant standard deviation. This specification standardizes the effect of
worker productivity on entrepreneur productivity for low and high-skill agents
so that the effect of changes in low or high-skill productivity on entrepreneurial
productivity is not affected by the scale or dispersion of these variables.

The utility function is assumed to have constant relative risk aversion form:
u(c) = c1−ν/(1− ν), with ν > 0 and ν ̸= 1.

5.2 Quantitative strategy and calibration

For the quantitative exercise I calibrate the model to the 1987 data and adjust select
parameters, calibrated to the 2015 data, to simulate changes to the economy over
this period. The parameters that change from 1987 to 2015 are:

1. the share of agents who have not completed college, ω;
2. the out of labor force value, b;
3. the level of entrepreneur productivity, ζ , and the relative level of entrepreneur

productivity of college and non-college agents through µ̄C
e ;

4. capital rental rates, ro and ri;
5. non-entrepreneur productivity, zf ;
6. entry and fixed costs, ψe and ψ.

Four of these parameters change for consistency with the data. The education
distribution has changed significantly over time, which matters for the skill distri-
bution. As is well known, the out of labor force share has been increasing, which

33The innovations εs,j,t and εe,j,t are also independent across agents and over time.
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the model can match with an increasing value of this activity. The level of en-
trepreneur productivity increases because of productivity growth, and the non-IT
capital rental rate, ro, increases as measured in the data. Four of the remaining
parameters are adjusted to simulate the forces that this paper is focused on: ri is
the capital rental rate that drives SBTC. The change in zf is simulating increasing
productivity of non-entrepreneur firms, and fixed and entry costs can change. I ad-
ditionally allow the relative productivity of college and non-college entrepreneurs
to adjust to account for changes in their relative entrepreneur rates, above and be-
yond what the other parameters generate. This should be thought of as capturing
all forces outside of SBTC that have affected the relative profitability of college and
non-college entrepreneurs. Parameter values are determined as follows.

1987 parameters The share of the population without a college education can be
computed with the CPS and is 77.90% in 1987.34 The death rate is set to a value of
0.025 to achieve an expected working life of 40 years. Given this value, β is chosen
so that the effective annual discount rate is 4%. The CRRA parameter is set to 2.0.
The value for the parameter controlling the persistence of employee productivity
is assumed to be equal for low and high skill agents, and is given a value of 0.95
in accordance with the estimate of Storesletten et al. (2004). The returns to scale of
the production function are given by α + η. Atkeson and Kehoe (2005) provide an
extensive discussion of returns to scale and settle on a value of 0.85, which is used
here as well. The rental rates for IT capital are 16.9% in 1987 and 7.1% in 2015,
and for non-IT capital they are 8.2% and 12.1%, respectively (Eden and Gaggl,
2018). For productivities, the average productivity of low-skill workers, high-skill
workers and entrepreneurs can be normalized for one of the education levels. I
make this normalization for non-college agents, setting µN

l and µN
h so that average

low and high-skill productivities for this group are equal to 1. µ̄N
e is normalized to

zero. ζ can also be normalized for 1987 and is set to one.
All but one of the remaining 1987 parameters are calibrated internally. While

the parameters are determined jointly by simulated method of moments, the ap-
proximate mapping between the moments and parameters is as follows. The con-
sumption level for agents who are out of the labor force is set to target the out of
labor force share.35 The production function parameters η, ϕ and λ affect the de-

34A college education is defined as having completed at least a bachelor’s degree.
35In computing the out of labor force share in the data, I correct for the trend decline in this share

for women up until the late 1990s. See the Appendix for details. Since the model is solved on a
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mand for the various production inputs. To determine their values I use moments
related to the division of income among inputs: the share of income going to em-
ployees, the ratio of the average high-skill income to average low-skill income, and
and the IT share of capital.36 The productivity level of the non-entrepreneur sector
zf , the fixed cost ψ, and the entry cost ψe are pinned down using the identifica-
tion strategy outlined in Section 4. Regarding the moments used for this, the share
of employment at entrepreneur firms is estimated using data from the CPS and
Business Dynamics Statistics (BDS), and the share of agents who are entrepreneurs
comes from the CPS.37 To estimate the entry rate into entrepreneurship, the entry
rate of firms in the BDS is used since, as discussed earlier, self-employed people
account for a large share of firms.38

Parameters relating to skill shares and productivities remain. The share of
agents who are high-skill conditional on education, θξh for ξ ∈ {N,C}, is chosen to
target the share of people in the relevant education group who work in high-skilled
occupations.39 The parameters that determine the level of low and high-skill pro-
ductivity for college educated agents, µC

l and µC
h , are chosen to target the ratio of

average income for college and non-college people in each of these skill groups.
The level of entrepreneur productivity for college agents, µ̄C

e , determines the share
of college agents who are entrepreneurs. χξ affects the correlation between worker
and entrepreneur productivity for agents with education level ξ. A higher corre-
lation increases the productivity of entrepreneurs, so this parameter is chosen to
target the ratio of average entrepreneur to average high-skill employee income for
this education level. There are six standard deviation parameters: for each edu-
cation level there is one for each skill level and one for entrepreneurship. These

discrete grid for ze, zl and zh, a small amount of noise is added to the out of labor force value, b,
to smooth out occupational choice functions. Specifically, for each agent in each period, b is drawn
from normal distribution with mean equal to the calibrated value of b and standard deviation of
0.01. This helps with solving and calibrating the model and has virtually no effect on the aggregate
moments of interest.

36The first moment is from the BEA data on value-added by industry. The second moment is
from the CPS. Since there is no variation in hours worked in the model, moments of the empirical
income distributions are computed using average hourly income for each person. Full details of
income calculations are in the Appendix. The third moment is from the BEA detailed fixed assets
tables.

37In the model an entrepreneur is a person who spends their time managing a firm with em-
ployees, so in the data I define an entrepreneur as a self-employed person (which means that they
spend the majority of their working hours in self-employment) with at least one employee. See the
Appendix for details on how this entrepreneur share is estimated.

38Additional details for these moments are provided in the Appendix.
39See Appendix for details of the occupation distribution calculations in the data.
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1987 2015 Parameters with the same values for 1987 & 2015

b 0.303 0.423 θNh 0.151 σNl 0.173 η 0.235
zf 1.134 1.338 θCh 0.650 σCl 0.211 ϕ 0.140
ψ 0.122 0.290 µCl 0.008 σNh 0.181 λ 0.203
ψe 0.272 0.981 µCh 0.009 σCh 0.176 τ 0.610
µ̄Ce 0.159 0.128 χN −0.083 σNe 0.036 ρe 0.986
ζ 1.0 1.136 χC 0.058 σCe 0.035

Table 2: Values for internally calibrated parameters. All parameters are internally
calibrated except for the 1987 value of ζ, which is normalized to 1.0. Where necessary, values are
rounded to three decimal places.

determine the coefficient of variation of income for people in the corresponding
occupation-education group. The persistence of entrepreneur productivity shocks
affects the persistence of entrepreneur income. From the data I use the fraction
of continuing entrepreneurs who remain in the same decile of the entrepreneur
income distribution from one year to the next (37.5%), from DeBacker et al. (2018).

2015 parameters The share of agents without a college education, ω, and the cap-
ital rental rates, ro and ri, are taken directly from the data. The consumption level
of agents who are out of the labor force, the level of non-entrepreneur productivity,
and the fixed and entry costs are all calibrated internally using the 2015 values of
the same moments as are used for 1987. The level of entrepreneur productivity for
college-educated agents µ̄C

e is chosen to target the relative entrepreneur shares of
college and non-college agents in 2015.

The remaining parameters are the two elasticity of substitution parameters (τ
and γ), which take the same value for both years, and the level of entrepreneur
productivity ζ for 2015. These parameters are key for determining how the wages
of low and high-skill workers change from 1987 to 2015. These moments are cru-
cial since wages are fundamental for the tradeoff between being a worker and an
entrepreneur. I fix one of the elasticity of substitution parameters, γ, with guid-
ance from the literature and use the other two parameters to target the changes
in average real income of low-skill workers and high-skill workers from 1987 to
2015. Since the CPS omits non-wage income, I adjust the growth rates using data
on non-wage compensation from the Bureau of Labor Statistics’ Employer Costs
of Employee Compensation dataset. Using similar production functions to in the
present model, Krusell et al. (2000) and vom Lehn (2015) have estimated the elas-
ticity of substitution between high-skill workers, defined on the basis of education
or occupation, and capital equipment, generating estimates of 0.67 and 0.13 respec-
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Moment Model Data
Income moments, 1987

Entrepreneur:high-skill averages, non-college 1.32 1.36
Entrepreneur:high-skill averages, college 1.89 1.82
High-skill:low-skill averages 1.49 1.45
College:non-college low-skill averages 1.42 1.40
College:non-college high-skill averages 1.31 1.29
CV, low-skill non-college 0.51 0.51
CV, low-skill college 0.69 0.67
CV, high-skill non-college 0.58 0.60
CV, high-skill college 0.60 0.61
CV, entrepreneurs non-college 0.91 0.96
CV, entrepreneurs college 0.91 0.94
Entrepreneur income persistence 38.6% 37.5%

Occupation distribution, 1987
Out of labor force share 14.8% 15.1%
High-skill share, non-college 13.1% 13.1%
High-skill share, college 59.0% 60.0%
Entrepreneur share 5.3% 5.1%
Entrepreneur share, college 7.1% 7.2%

Other moments, 1987
Employee share of income 54.6% 52.5%
IT share of capital 10.2% 10.1%
Entrepreneur share of employment 49.6% 50.0%
Entry rate of entrepreneurs 11.4% 11.7%

2015 moments
1987–2015 growth of average low-skill income 18.1% 16.6%
1987–2015 growth of average high-skill income 43.5% 44.3%
2015:1987 out of labor force share 1.66 1.66
2015:1987 entrepreneur share 0.70 0.71
2015:1987 entrepreneur share of employment 0.78 0.79
2015:1987 entry rate of entrepreneurs 0.72 0.72
2015:1987 college to non-college entrepreneur shares 0.85 0.85

Table 3: Calibration moments. Colons denote ratios. E.g. ‘High-skill:low-skill averages’
for income is the ratio of high-skill to low-skill average income. CV is the coefficient of variation.
Entrepreneur income persistence is the share of continuing entrepreneurs in the same decile of the
entrepreneur income distribution in consecutive years. Income growth rates are for real income.

tively.40 γ is set to achieve an elasticity in the middle of this range (0.4).

40In Krusell et al. (2000) the group of workers that most closely corresponds to the high-skilled
is those with a college education, which that paper labels “skilled.” In vom Lehn (2015) the corre-
sponding category of people perform “abstract” occupations, which are defined in a very similar
way to high-skilled occupations in this paper. While the production functions in those papers are
not identical to one presently in use, they provide elasticity of substitution estimates to guide the
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5.3 Calibrated model

The values of internally calibrated parameters are presented in Table 2, and the
calibration moments for the model and the data are in Table 3. Overall the model
fits the data well given its high dimensionality. The estimated elasticity of substi-
tution between low-skill labor and IT capital ( 1

1−τ
) is 2.56.41 To put the estimates

of entry and fixed costs for 1987 in perspective, they imply that it costs 25% of the
median annual operating profit (sales less labor and capital costs) of entrepreneur
firms to enter, and 11% to cover fixed costs. Fixed costs are estimated to have
increased by a factor of 1.9 from 1987 to 2015, and entry costs by a factor of 3.1.
There is empirical support for these types of costs increasing over time (De Ridder,
2019; De Loecker et al., 2020), and the estimated growth of fixed costs is slightly
smaller than De Ridder (2019)’s estimates from French and US data.42 The pro-
ductivity of college educated entrepreneurs, relative to non-college educated ones,
is estimated to decrease slightly between 1987 and 2015. In 1987 the average pro-
ductivity of college agents is 16.8% higher than that of non-college agents, and in
2015 this difference decreases to 13.3%. The feature of the data driving this is that
the relative entrepreneur share of college-educated agents declines by more than
the changes in wages and capital prices can explain. One interpretation of this is
that non-college entrepreneurs compete more with non-entrepreneurial firms, and
therefore are more affected by their technological improvements. Poschke (2018)
argues that this kind of polarization of the firm size distribution has occurred.

In the Appendix I compare untargeted moments of the occupation and income
distributions in the model and data. In particular, the income distributions for
2015 are almost entirely untargeted, and the model fits these quite closely. This
indicates that that model captures the tradeoff between occupations well.

6 Quantitative results

This section assesses the explanations for declining entrepreneurship in two steps.
I quantify the theory from Section 4 to assess the explanations individually, and
independently of the estimated magnitudes of parameter changes. I then use the

choice of γ.
41There is no direct benchmark for this in the literature that I am aware of. See the Appendix for

a discussion of the closest comparisons.
42See Appendix for more details on this comparison.
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2015 parameter estimates to study them jointly, and evaluate their relative impor-
tance.

6.1 Individual forces

Skill-biased technical change Figure 5 analyzes the effects of SBTC in partial
and general equilibrium. The starting point for these exercises is the 1987 cali-
bration of the model. In the left panel the effects of changing ri, holding wages
fixed, are presented. In the middle panel wh changes holding wl fixed, and in the
right panel, ri changes with wages adjusting so that the model is in equilibrium.
In the panels with ri changing, the horizontal axis is flipped so that, as you go to
the right, ri decreases, as it has in the data. In all panels the changes in four mo-
ments are presented: the entrepreneur share, the entry rate, the share of employ-
ment at entrepreneur firms, and the ratio of the entrepreneur shares of college and
non-college agents. While the theory was framed to compare low and high skill
agents rather than education groups, the results carry over since a much higher
share of college educated than non-college educated people are high skill.43 All of
the moments being considered decrease in the data, so a downward sloping line
means that the relevant moment is moving in the same direction as in the data. The
magnitude of the vertical axis is normalized so that a value of −1 means that the
percentage change in the moment in the model is equal to the percentage change
in that moment in the data from 1987 to 2015.

The results in the middle panel, for the change in the high skill wage, confirm
the predictions of the theory. This change causes the entrepreneur share to de-
crease, and the decrease is proportionally larger for college educated agents. The
decrease in the entrepreneur share also drives down the employment share of en-
trepreneurs. Quantitatively, this mechanism can generate much of the declines in
these three moments seen in the data.44 The issue, as identified by the theory, is
that that decrease in the price of IT capital that drives the change in the high skill
wage, has offsetting effects on the entrepreneur share and the employment share
of entrepreneurs. Quantitatively the opposing effects are similar in magnitude, so
that neither of these moments change much as a result of SBTC. As for the en-
try rate, the theory showed that the changes in the IT capital price and high skill

43These shares are 65% and 15%, respectively (Table 2).
44To help with using the results from the graph for wh to understand the magnitudes in the right

panel, wh changes from 0.79 to 1.09 as ri changes from 0.1685 to 0.0706 in that graph.
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Figure 5: Comparative statics for skill-biased technical change. Parameter values
are set to their 1987 values. In the left panel ri is changed holding wages fixed; in the middle only
wh changes; and on the right, ri changes and wages adjust so that the model is in the stationary
equilibrium. The vertical axis is normalized so that a magnitude of one means that the percentage
change in a moment is the same as in the data from 1987 to 2015. ‘Entrep. emp. share’ is the share
of employment at entrepreneur firms. ‘C:N entrep. share’ is the ratio of the college to non-college
entrepreneur shares.

wage have several effects on this moment, some increasing it and others decreas-
ing it. On balance, this moment increases, but the change in modest relative to the
change in the relative entrepreneur shares of college and non-college agents. The
overall message is that SBTC is a relevant for understanding changes in relative en-
trepreneur shares across the education distribution, but does not appear relevant
for understanding the change in the aggregate moments of entrepreneurship.

One additional note on these results is that, because entrepreneurs and the
non-entrepreneur sector have identical production functions—including returns
to scale—SBTC affects them in the same way. As discussed by Jiang and Sohail
(2022), if the non-entrepreneur sector has a CRS production function then SBTC
will be more beneficial for that sector, and will implicitly include some skill-neutral
technical change. This skill-neutral technical change would push down the en-
trepreneur share. That is not the case in the present setup. These two channels
operate in isolation.

Non-entrepreneur productivity The left panel of Figure 6 presents the effects of
decreasing zf on moments of entrepreneurship. The setup for the figure is the same
as for Figure 5. The theory told us that increasing non-entrepreneur productivity
would decrease the entrepreneur share and that the effect on the entry rate was am-
biguous because of opposing effects from increasing wages. Figure 6 shows that
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Figure 6: Comparative statics for non-entrepreneur productivity, fixed costs and
entry costs. This figure has the same setup as Figure 5. Here it is zf , ψ and ψe changing. In all
cases wages adjust so that the model is in equilibrium.

these opposing effects on the entry rate essentially cancel each other out. For the
entrepreneur share we see the predicted negative effect. For the share of employ-
ment at entrepreneur firms, the theory indicated that increasing non-entrepreneur
productivity would have a larger effects on this, relative to the effect on the en-
trepreneur share, than increasing fixed or entry costs. The figure confirms this
(compare the three panels), with increasing non-entrepreneur productivity having
about twice as large an effect on the share of employment at entrepreneur firms as
on the entrepreneur share, while for increasing fixed and entry costs the effect is
about half as large. Comparing to the data, when increasing non-entrepreneur pro-
ductivity generates all of the reallocation of employment away from entrepreneurs,
the decline in the entrepreneur share is about 60% as large as in the data. This im-
plies that increasing non-entrepreneur productivity causes entrepreneur firms to
shrink too much, rather than decreasing the number of them, in order to fully ex-
plain the data.

Fixed and entry costs For the effects of increasing fixed and entry costs, see the
middle and right panels of Figure 6. The theory indicated that in partial equilib-
rium rising fixed costs should decrease the entrepreneur share and increase the
entry rate—the quantitative results confirm that these effects hold in general equi-
librium. The effect on the share of employment at entrepreneur firms was quali-
tatively ambiguous, but quantitatively we see that this moment declines. This is
because increasing fixed costs have a strong negative effect on the entrepreneur
share, which pushes down the employment share of entrepreneurs, and this is
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only partially offset by entrepreneurs having more employees, conditional on op-
erating.

For entry costs, the main ambiguity from the theory was how an increase would
affect the share of agents who are entrepreneurs. The theory indicated that the
entrepreneur threshold would increase for agents who need to start a business
and decrease for those who already have a business. Quantitatively the first force
is dominant, so that the entrepreneur share decreases, as it has in the data. This
change also pushes down the share of employment at entrepreneur firms. This is
offset by entrepreneurs employing more workers, conditional on operating, but it
is only partially offsetting. The entry rate is also decreasing in the entry cost, as
indicated by the theory, and this is the moment that changes the most, relative to
the data. Overall rising entry costs can push all three moments down, although
the magnitudes of the relative changes are different to in the data.

A final note on Figure 6 is that it confirms the identification strategy for fixed
costs, entry costs and non-entrepreneur productivity that was described in the the-
ory. It is clear that their relative effects on the three moments of the data are differ-
ent, so that these moments can be used to identify them.

6.2 Joint effects

To assess the full array of changes in the model from 1987 to 2015, the parameter
changes are divided into two groups. The first group consists of changes in param-
eters that are necessary for consistency with the data, but are not the main focus
for understanding changes in entrepreneurship. I’ll call these parameter changes
the secondary parameter changes. The education level changes, consistent with the
increase in the attainment of college education in the data; productivity increases
to allow the economy to match general wage growth;45 the value of being out of
the labor force changes to fit the evolution of the share of people in this state; and
the rental rate of non-IT capital changes, per the data. The remaining parameter
changes—fixed costs, entry costs, non-entrepreneur productivity, the rental rate of
IT capital, and the relative productivity of college and non-college entrepreneurs—
are the main focus and I’ll call these the primary parameter changes. The approach
for studying the joint effects of these changes is to start by performing the sec-

45To simulate a general increase in productivity I increase ζ so that the average level of en-
trepreneur productivity equals its 2015 value (ζ = 1.122), and increase non-entrepreneur produc-
tivity zf and the out of labor force value b by the same factor. I also scale fixed costs ψ and entry
costs ψe by the same factor so that their relevance is not diminished.
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Secondary 2015
parameters data

Entrepreneur share 0.93 0.71
Entry rate 0.92 0.72
Entrepreneur emp. share 1.06 0.80
College:non-college entrep. share 1.34 0.85
OLF share 1.56 1.66

Table 4: Effects of changes in secondary parameters. The Secondary parameters column
provides the effect of the secondary parameter changes on the listed moments, expressed relative
to their 1987 values in the model. The 2015 data column is the 2015 values of the moments in the
data, relative to the 1987 values.

ondary parameter changes. I’ll then take that economy as the baseline, and assess
the contribution of each of the primary parameter changes in moving the economy
to 2015.

The effects of the secondary parameter changes on selected moments are pre-
sented in Table 4. Each value is expressed relative to its 1987 value, and the same
is done for the 2015 values from the data, so that we can assess how far the sec-
ondary parameters go towards explaining these. The effects of the individual pa-
rameter changes are discussed in detail in the Appendix. Here I highlight the
main points. The secondary parameter changes have mostly modest effects on mo-
ments of entrepreneurship. The entrepreneur share decreases by seven percent be-
cause a higher out of labor force value and higher costs of non-IT capital make en-
trepreneurship less attractive. These effects are smaller for college entrepreneurs,
which is why their relative entrepreneur share increases. The entry rate also falls.
Increasing education increases the supply of high skill workers and drives down
their wage. This increases the gap between the values of entrepreneurship and
high skill work, resulting in less churn between these occupations. The share of
employment at entrepreneur firms increases, going against the trend in the data.
This is because education is increasing, and more educated entrepreneurs have
larger firms on average. Finally, the secondary parameter changes account for al-
most all of the increase in the out of labor force share, with the increase in the out
of labor force value accounting for most of this. This tells us that the changes to
the economy generating this trend are not closely related to those driving changes
in entrepreneurship.

Now turn to the effects of the primary parameter changes on moments of en-
trepreneurship. These changes adjust the following things from their baseline to
2015 values: the IT capital rental rate, the fixed cost, the entry cost, non-entrepreneur
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(a) Entrepreneur share (b) Entry rate

(c) Entrepreneur employment share (d) College:non-college entrepreneur share

Figure 7: Effects of changes in primary parameters. Each panel decomposes the change
in a moment from its value in the baseline scenario to its 2015 value. ri, ψe, ψ and zf indicate the
effects of the changes in these parameters. zCe /zNe indicates the effect of the change in the relative
productivity of college and non-college entrepreneurs. The vertical scale is the share of the change
in the relevant moment accounted for by each parameter change (0.5 equated to 50%). Circles are
values for particular orderings of the parameter changes, and the bars are averages of these.

productivity, and the relative entrepreneur productivity of the two education groups.46

The focus will be on how moments of entrepreneurship change from their values
in the baseline scenario to 2015, and the quantitative relevance of each of the pa-
rameter changes for this. There are 120 ways to order the parameter changes, gen-
erating 16 unique values for the effect of each change.47 While the main messages
do not depend on the ordering, I will present results for all orderings and focus the
discussion on average effects.

Figure 7 presents the results. The scale of the vertical axis in all panels is the
share of the change in the relevant moment from the baseline outlined above, to
2015, accounted for by each change. The bars represent the average effect of each

46To change the relative entrepreneur productivity of college and non-college agents without
changing average entrepreneur productivity, µ̄C

e decreases from its 1987 to 2015 value, and ζ in-
creases from its baseline value of 1.122 to its 2015 value of 1.136.

47Some orderings generate the same estimates for some parameters. E.g. (ri, z
C
e /z

N
e , ψe, ψ, zf )

and (ri, z
C
e /z

N
e , ψ, ψe, zf ) yield identical estimates for the effects of ri, zCe /zNe and zf .
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change across the 16 estimates, and the circles are the individual values. Con-
sistent with the prior analysis, the main role of SBTC is to shift entrepreneurship
towards less educated agents. From Figure 7(d), this force accounts for about half
of this change after offsetting effects from fixed and entry costs are allowed for,
with the other half accounted for by the decrease in the relative productivity of
college-educated entrepreneurs. Its other significant effect on entrepreneurship is
to increase the entrepreneur share, going against the trend in the data (Figure 7a).

The increasing entry cost is primarily important for generating the decrease in
the entry rate (Figure 7b), as was clear from the analysis of the primary parame-
ters in isolation. It is also the most quantitatively important factor in accounting
for the decline in the entrepreneur share (Figure 7a). For this moment though, the
increases in the fixed cost and non-entrepreneur productivity are also quantita-
tively relevant. Their effects are 90% and 74% as large, respectively, as the effect
of the entry cost. For the decline in the entrepreneur share of employment, most
(76%) of this is due to increasing non-entrepreneur productivity. The earlier anal-
ysis supports this as an increase in this productivity has a larger effect on the size
of entrepreneurial firms than rising fixed or entry costs.

To summarize, the results provide three main messages. First, for understand-
ing the declines in the entry rate into entrepreneurship and the share of people
who are entrepreneurs, increasing entry costs are the main factor. Increasing fixed
costs and non-entrepreneur productivity play a secondary role in explaining the
decline in the second moment. Second, increasing non-entrepreneur productivity
accounts for most of the shift in employment out of the entrepreneur sector. Third,
SBTC accounts for approximately half of the shift in entrepreneurship towards less
educated people, but this force is not relevant for understanding the decline in the
aggregate level of entrepreneurship.

Additional analysis One question that the results raise is whether the role of ris-
ing fixed and entry costs is consistent with a stable entrepreneur size distribution
in the data. The size distribution of entrepreneur firms in the model is very similar
in 1987 and 2015. While rising fixed and entry costs have the expected effect of
causing firms to be larger, this is mostly offset by SBTC. This force decreases the
size of firms because: (i) it increases the share of people who are entrepreneurs,
which lowers the average productivity of entrepreneurs; (ii) it causes labor to be
substituted for capital; and (iii) it shifts entrepreneurship towards less educated

38



people, who have smaller firms on average. The size distributions are presented
in the Appendix, with additional discussion.

Another consideration is that, while the analysis has considered a range of fac-
tors that could explain the changes in entrepreneurship, there are possibilities out-
side the framework. One that has been considered in the literature is changes
in the growth rate of the labor force (see Karahan et al., 2021; Hopenhayn et al.,
2021).48 The approach to assessing the effects of this theory on the results is to start
by estimating how much of the changes in the moments used in the quantitative
exercise can be accounted for by this theory. I then reestimate the model for 2015
so that it generates the residual changes in the relevant moments. The results in-
form us about the contribution of the factors considered in this paper to explaining
changes in entrepreneurship not accounted for by the assumed effects of changes
in the labor force growth rate.

Ordinarily, an issue with this approach would be that changes in the labor force
growth rate could interact with the changes in parameters being studied in the
present model, such that they cannot be studied independently in this way. How-
ever, under the theory, changes in the labor force growth rate generate changes in
the entry rate of firms, while having little or no impact on prices.49 This absence
of price effects means that this change in the economy should not interact with the
changes studied in this paper, because they all act through changes in prices.

The quantitative exercise presented earlier in this section used changes in seven
moments of the data from 1987 to 2015 to discipline parameter changes in the
model. The labor force growth theory would definitely affect two of these mo-
ments, the entrepreneur share and the entry rate, and may affect a third, the en-
trepreneur share of employment. Karahan et al. (2021) and Hopenhayn et al. (2021)
have results for the effect of their theory on the entry rate, so this is easy to quantify.
They do not have direct results about the entrepreneur share, however their results
for average firm size can be mapped to this moment (see the appendix for an ex-
planation of this mapping). Their models do not distinguish between entrepreneur
and non-entrepreneur firms, so several cases are considered for the effect of labor
force growth on the share of employment in the entrepreneur sector. In total, I con-
sider three cases based on the estimates from these papers. I consider several cases

48In a more recent contribution, Peters and Walsh (2021) also study this theory. For the purpose
of the exercises undertaken here, I focus on Karahan et al. (2021) and Hopenhayn et al. (2021) since
they use models that are closer to this paper’s.

49In Hopenhayn et al. (2021) the impact is precisely zero, while in Karahan et al. (2021) it is small.
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(a) Alternative calibration 1

(b) Alternative calibration 2

(c) Alternative calibration 3

Figure 8: Effects of changes in primary parameters for alternative calibrations.
This figure replicates the panels for the entrepreneur share, the entry rate and the entrepreneur
employment share from Figure 7 for the alternative calibrations.

since there are differences in estimates across models and papers, and these pa-
pers do not consider the distinction between entrepreneur and non-entrepreneur
firms. In the first case changes in the labor force growth rate account for 45% of
the change in the entry rate, 43% of the change in the entrepreneur share, and 75%
of the change in the entrepreneur employment share. In scenario two the share of
the last moment is 0%. Scenario three is the same as scenario one, except that the
share of the change in the entrepreneur share is 104%. The choice of cases and the
new parameter estimates are discussed in detail in the Appendix.

The results of these exercises are presented in Figure 8. The panels replicate Fig-
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ure 7 for the alternative calibrations, focusing on the results for the entrepreneur
share, the entry rate and the entrepreneur share of employment since these are
the moments that are primarily affected by labor force growth. While the absolute
magnitude of the changes in these moments that the forces in the model account
for are different under these calibrations—which is by assumption—their relative
importance mostly stays the same. In all cases rising entry costs are the most im-
portant factor for the decline in the entry rate, and rising non-entrepreneur pro-
ductivity is the main factor driving the decline in the entrepreneur employment
share. For the entrepreneur share it remains the case that rising fixed costs, entry
costs and non-entrepreneur productivity account for the decline under alternative
calibrations one and two. Under alternative calibration three, the change in the la-
bor force growth rate is assumed to generate a larger decline in this moment than
has occurred in the data. So the forces in the model need to increase this moment
and, as discussed earlier, SBTC is able to do this.

7 Entrepreneurship subsidies

The concern surrounding the decline in entrepreneurship in recent decades raises
the question of what types of government policies would be most effective at
boosting entrepreneurship. I consider this question, focusing on subsidies to entry
costs, fixed costs and entrepreneur output. Entry cost subsidies can be thought of
as one-time payments that people receive when they start a business, fixed cost
subsidies would be per period subsidies that are constant across firms, and output
subsidies would be proportional to how much a firm produces.50

To analyze the effects of the three subsidies I start with the 2015 economy and
consider the effects of spending 0.25% of GDP on each policy. The cost of each
policy will depend on the decisions of agents in the economy and this is accounted
for. The size of each policy is calibrated so that in the new equilibrium its cost is
0.25% of 2015 GDP. All policies are financed by lump-sum taxes.

The effects of the subsidies are summarized in Table 5. The first row provides

50Note that the model in this paper is efficient. The spirit of the exercise is therefore to provide
guidance on the effects of various policies, while being agnostic about the source of inefficiency
that a government would want to correct. There are a number of possibilities for this. For example,
entrants could be a source of new ideas which have spillovers to other firms in the economy; they
may positively contribute to the level of competition in the economy in a way that they don’t
internalize; or cause low productivity incumbents to exit in way that has positive productivity
spillovers for other firms.
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Moment 2015 Entry cost Fixed cost Ye 1987
Subsidy rate – 0.742 0.347 0.006 –
Total fixed costs 0.011 0.014 0.012 0.011 0.006
Total entry costs 0.003 0.006 0.003 0.003 0.002
Entry rate 0.082 0.125 0.079 0.085 0.113
Entrepreneur share 0.037 0.046 0.042 0.039 0.052
Entrep. employment share 0.389 0.416 0.404 0.406 0.494
Low skill share 0.419 0.418 0.419 0.420 0.569
High skill share 0.298 0.297 0.296 0.297 0.233
OLF share 0.246 0.239 0.243 0.244 0.146
Productivity 1.440 1.450 1.446 1.443 1.257
Output 1.691 1.712 1.702 1.702 1.134
Consumption 1.014 1.019 1.016 1.015 0.784

Table 5: Effect of subsidies to entry costs, fixed costs, and entrepreneur produc-
tion. This table presents the effects of subsidies to entry costs, fixed costs and entrepreneur pro-
duction. Each column contains the results for subsidizing one of variables at a time. The subsidy
rate for entry costs and fixed costs is that share of these costs that the government pays. For en-
trepreneur production it is the amount that entrepreneurs are paid per unit of output produced.

the subsidy rates that result in a cost of 0.25% of 2015 GDP. With this budget, entry
costs can be subsidized at a rate of 74.2%, fixed costs at a rate of 34.7% and output
can be subsidized at 0.06%.51 The subsidy rates differ because of their scope. The
entry subsidy is the narrowest, only being paid to new entrepreneurs each period,
the fixed cost subsidy is broader as it is paid to all entrepreneurs, while the out-
put subsidy also goes to all firms and is more costly for larger firms. Additional
perspective on the size of the subsidies is provided by the reported values for total
fixed and entry costs.52

The rest of Table 5 summarizes the effects of the subsidies on the economy. All
policies cause the share of people who are entrepreneurs to increase, as well as
the share of employment in the entrepreneur sector to increase. The entry cost
and output subsidies also increase the entry rate. However, there are substantial
quantitative differences between the policies. The entry cost subsidy is the most
effective at increasing all three entrepreneurship measures. It increases the entry
rate by 4.3 percentage points, compared to 0.3 percentage points for the output
subsidy, and the entrepreneur share by 0.9 percentage points compared to 0.05
and 0.02 percentage points for the other two policies.

The earlier comparative statics exercises presented in Figure 6 provide the in-
tuition for why the entry cost subsidy is the most effective at boosting the entry

51The output subsidy means that entrepreneurs are paid six cents per dollar of output produced.
52These values include the subsidized portion of these costs.
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rate.53 For the entrepreneur share, the entry cost subsidy is more effective because
it is more targeted. Each policy is effective at increasing the entrepreneur share to
the extent that it causes people who would not otherwise be entrepreneurs to do
so. The entry costs subsidy is relatively good at achieving this because it is only
wasted on one-time payments to people that would be entrepreneurs without it.
Fixed cost subsidies have more waste because they are paid every period, and peo-
ple who would be entrepreneurs regardless of them have higher productivity on
average, and therefore spend longer being entrepreneurs. This also explains why
the entry cost subsidy is more effective at increasing the share of employment in
the entrepreneur sector than the fixed cost subsidy. To the extent that these subsi-
dies go to agents who would be entrepreneurs anyway, they do not change their
labor hiring decisions. Additional hires in the entrepreneur sector are due to new
entrepreneurs. Since the entry cost subsidy increases the number of these more, it
also increases employment in the entrepreneur sector more.

Now consider the output subsidy. For increasing the number of entrepreneurs,
this subsidy is also wasted to the extent that it is paid to people who would be en-
trepreneurs anyway. The waste is even greater than for the fixed cost subsidy be-
cause higher productivity entrepreneurs not only operate their firms for longer, but
their firms also sell more. For the share of employment at entrepreneur firms, the
entry cost and output subsidies affect this margin through different channels, pre-
dominantly. The entry costs subsidy increases this moment by attracting new en-
trepreneurs, while the output subsidy increases it through existing entrepreneurs
growing in size. The relative size of these effects is a quantitative question and for
the calibrated model the effect of the entry cost subsidy is larger.

In terms of the types of agents that the entry cost subsidy draws into entrepreneur-
ship, Table 5 shows that the biggest change in the other occupation categories is
in the out of labor force share. However, this does not imply that all of the new
entrepreneurs are coming from out of the labor force. Table 6 shows the joint distri-
bution of the four occupation groups for the 2015 equilibrium and the equilibrium
with the entry cost subsidy.54 It shows that approximately half of the increase in

53Note that subsidizing entrepreneur output is similar to decreasing non-entrepreneur produc-
tivity.

54The joint occupation distribution is constructed as follows. For each point in the space of ex-
ogenous state variables—the (zw, ze)-space—one can construct the joint distribution of occupations
for the two economies. The table presents the sum of these, weighted by the share of agents in each
state. To construct the joint distribution for a point in the state space, it is assumed that as many
agents as possible stay in each occupation. For example suppose that, for a given point in the state
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With entry subsidy
Out of Low skill High skill Entrepreneur

labor force employee employee

2015

Out of labor force 0.240 0.000 0.000 0.005
Low skill employee 0.000 0.417 0.000 0.003
High skill employee 0.000 0.000 0.295 0.003
Entrepreneur 0.000 0.001 0.001 0.036

Table 6: Joint distribution of occupations for 2015 and the equilibrium with the
entry cost subsidy.

the entrepreneur share is coming from people who would be out of the labor force
in the absence of the subsidy, while the remaining half comes in equal shares from
the low and high skill occupations.

A final point is that all of the policies have a negative net cost. Aggregate out-
put increases as a result of each policy, and so does aggregate productivity. All
policies subsidize entrepreneurship. Due to decreasing returns to scale, aggregate
productivity increases when more people are entrepreneurs. The increase in out-
put is offset by increases in costs and the loss of labor supply, but only partially.
These offsetting factors are small enough that consumption also increases.

8 Conclusion

This paper has studied why entrepreneurship in the US has declined over the last
three decades. While it is well known that the rate at which new firms are created
has declined, occupational choice data shows additional facts. The entrepreneur
share has decreased, and this has not been offset by the businesses of entrepreneurs
growing larger, implying that an increasing share of economic activity is accounted
for by non-entrepreneur firms. The decline in the entrepreneur share has also been
larger for more educated people. This array of facts provides a rich set of moments
for evaluating theories for the decline in entrepreneurship.

The analysis has used the structure of a dynamic, general equilibrium, occu-
pation choice model for interpreting the data. While SBTC can account for much
of the larger decline in the entrepreneur share for more educated people, it does
not explain other dimensions of the decline. One effect of SBTC that is useful for

space, 80% of people are high skill people and 20% are entrepreneurs in 2015, and after the entry
cost subsidy these numbers are 70% and 30%. Then it is assumed that 70% of these agents are high
skill employees in both economies, 20% are entrepreneurs in both economics, and 10% of agents
are high skill employees in 2015 and entrepreneurs after the subsidy.
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accounting for the data is the increase in the high-skilled wage—on its own this
could generate the decline in many dimensions of entrepreneurship. However,
once the other aspects of SBTC are considered, namely the decreases in the price
of IT capital and the decrease in the low-skill wage, the aggregate entrepreneur
share and the size of the entrepreneurial sector change little. The main effect is
decreasing the relative entrepreneur share of more educated people.

Having measures of the decline in entrepreneurship along several dimensions
is useful for disentangling the effects of rising fixed costs, entry costs, and the pro-
ductivity of large non-entrepreneur firms. These factors have distinctly different
effects on the dimensions of entrepreneurship measured in the data, providing a
rich test for each of them, and allowing for changes in them to be identified. The
quantitative analysis has shown that, while they have all played a role in account-
ing for the decline in the entrepreneur share, the contributions to the decline in
the other dimensions of entrepreneurship are starkly different. Rising entry costs
are the main factor behind the declining entry rate, while increasing productivity
of large non-entrepreneur firms account for most of the decline in the size of the
entrepreneur sector.

In terms of policy, subsidies to entry costs, fixed costs and entrepreneur output
all boost entrepreneurship, output, productivity and consumption. However, the
entry cost subsidy is, quantitatively, the most effective because it is more targeted
at people who would not otherwise choose to be entrepreneurs.

A question that the results raise is what factors are behind the rise in fixed and
entry costs. Some possibilities are increasing regulation, changes in production
technologies, ideas getting harder to find, or that customers are becoming harder to
attract.55 An important challenge for future research is to provide causal evidence
for the drivers of these cost increases, and quantify the contribution of the various
hypotheses. An additional interesting avenue to be explored is whether the drivers
of increased fixed and entry costs are different. To the extent that the declining
entry rate is the moment of interest, it is entry costs that matter. The results from
this paper provide a foundation for distinguishing between these cost and fixed
costs, since they have distinct effects on the entry rate. Finding factors that are
related to the decline in the entry rate, but not the decline in the entrepreneur share,
is a way to identify drivers of the increase in entry, as opposed to fixed costs.

55For research that considers these trends see Kleiner (2015), Aghion et al. (2019), Hsieh and
Rossi-Hansberg (2019), De Ridder (2019), Weiss (2020), Bloom et al. (2020) and Bornstein (2021).
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