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Abstract

Is the allocation of human capital between entrepreneurs and workers a key determi-
nant of aggregate productivity and income? How pervasive are its implications for
macro-development? Analyzing cross-country population survey data reveals a new
empirical fact: the mean-adjusted rate of entrepreneurship for higher educated indi-
viduals varies positively and significantly with output per worker. Focusing further on
the US, I find an asymmetric U-shaped relationship between the entrepreneurship rate
and educational attainment, with the left branch declining over time. Entrepreneurial
outcomes such as business income and firm employment size are strongly increasing
in the educational level of the firm owner/manager. Results are robust upon condi-
tioning on a rich set of observables. I rationalize these findings within a dynamic
general equilibrium framework, in which heterogeneous agents make schooling and
occupational choices. Under the hypothesis that human capital can enhance the ef-
fective productivity of entrepreneurs via costly technology adoption, theory suggests
that the entrepreneurship-education nexus has first-order consequences for macro-
development. Calibrations of the model economy indicate potentially sizeable mis-
allocation losses vis-a-vis the US due to inadequate complementarity between en-
trepreneurial talent and human capital. The ramifications are even more far reaching
when considering variations in educational attainment, as a lower stock of human
capital can depress both factor accumulation and aggregate TFP formation.

JEL copgs: E23, E44, ]24, L26, 011, 015, 049.

Keyworbps: Entrepreneurship; Human capital; Productivity; Complementarity;
Misallocation; Macro-development.

PRELIMINARY AND INCOMPLETE: PLEASE DO NOT CIRCULATE

T Department of Economics, Washington University in St. Louis, 1 Brookings Dr, Saint Louis, MO
63130 (e-mail: alex.loukas@wustl.edu)

Acknowledgments: I am grateful to Costas Azariadis and Ping Wang for valuable comments and en-
couragement. [ have also benefited from discussions with Daron Acemoglu, Paco Buera, Yannis Ioannides,
Costas Meghir, Ben Moll, Werner Ploberger, and B. Ravikumar. The usual disclaimer applies.


mailto:alex.loukas@wustl.edu

I. Introduction

Entrepreneurship is widely recognized as a key driver of economic development for
more than a century. At least since the pivotal works of Schumpeter (1911) and Knight
(1921), a large array of research linking the intensity and quality of entrepreneurship
to economic expansion has emerged. Accordingly, who becomes an entrepreneur is of
paramount significance. Occupational choice determines and is being determined by
macroeconomic outcomes, and in turn, the allocation of factors and endowments be-
tween occupations shapes total factor productivity (TFP) and output.

In an extensive body of literature, the decision to start and run a firm usually boils
down to differences in entrepreneurial ability/talent; wealth and access to credit; risk
aversion; or all of the above. Nevertheless, there is relatively scarce research focus-
ing on differences stemming from more conventional human capital, i.e., related to the
Schultz-Becker-Mincer view. This paper aims to first fill in this gap, and then ask a more
fundamental macroeconomic question: Is the allocation of human capital between en-
trepreneurs and workers a key determinant of aggregate productivity and income? If so,
how pervasive are its implications for macro-development?

The study has two primary objectives. As a starting point I seek to establish whether
the allocation of human capital, as proxied by attained formal education by entrepreneurs
and workers, is tightly linked to long-run development. For this purpose I compile an
extensive dataset covering nearly 100 countries drawn from Global Entrepreneurship
Monitor (GEM) adult population surveys. To address the question in simple quanti-
tative terms, I introduce the ERGON index (Entrepreneurship Rate of Graduates Over
National average), which is the normalized/mean-adjusted rate of entrepreneurship for
higher educated individuals. Merging the GEM dataset with PWT 10.1 data reveals a
new empirical fact: the ERGON index varies positively and significantly with output per
worker. This finding is robust even after controlling for variables that are known to be
firmly connected with economic advancement, such as the overall rate of entrepreneur-
ship and measures of aggregate human capital or average years of schooling.

Focusing further on the U.S. economy, I use nationally representative samples drawn
from eleven waves of the Survey of Consumer Finances (SCF) to analyze a number
of prominent features related to active firm owners/managers. I document large and
persistent differences in ample economic and demographic characteristics across en-
trepreneurs and workers in the U.S. labor force, as well as within entrepreneurs. Special
attention is given to variations stemming from human capital/completed formal educa-
tion. I find the relationship between the rate of entrepreneurship and educational attain-
ment to be nonlinear and time-varying, exhibiting an asymmetric U-shape with its left
branch declining over time. Among entrepreneurs, higher education is strongly posi-
tively associated — not U-shaped — with numerous measures of business outcomes such

as pre-tax profits (both hourly and total), sole proprietorship income, firm employment



size, net business value, and asset holdings. Conditioning on a rich set of observables,
I confirm the robustness of the descriptive results through a series of reduced-form re-

gressions under proper repeated imputation inference.

The second objective is to develop a versatile dynamic general equilibrium frame-
work that can jointly explain the conclusions of the empirical analysis and be broadly
consistent with aggregate and survey data. The ultimate goal is to shed some light on
the importance of the allocation of human capital between entrepreneurs and workers
for macro-development and aggregate TFP formation. To that end, I propose an elab-
oration of a heterogeneous agent model that features occupational choice, endogenous
schooling, and incomplete markets along with the option of some financial frictions. I
claim that incorporating this dimension of human capital together with my elaborations
to the workhorse model would be beneficial to the relevant literature.

At the crux of most theoretical results lies the following hypothesis: there exists a
disembodied technology that coalesces entrepreneurial talent and human capital to form
the fundamental “effective productivity” that is used in the production process. Active
firm managers face a costly intratemporal technology choice, which enables them to
complement their talent with the skills and competences that education entails. Put sim-
ply, entrepreneurial human capital may serve as an additional factor of production. Com-
petitive equilibria encompass threshold educational levels beyond which agents choose
to adopt the technology; the shape and form of the entrepreneurship-education nexus
is subsequently linked to aggregate economic activity.

I argue that this is not only a reasonable but also an empirically useful postulation, as
the ensuing threshold levels can be inferred from population survey data using binary
response regressions, or directly estimated using structural methods. Chiefly, the pro-
posed theory is valid under the assumption of independence between entrepreneurial
talent and human capital at the population level, and in fact holds for any sequence of
joint distributions. If they were indeed taken to be unconditionally related in a specific

way, the answer would be far from interesting.

Calibrated versions of the model economy are successful in replicating various salient
features of U.S. and international data: e.g., substantial wealth and income heterogene-
ity with the appropriate concentration in the hands of entrepreneurs, large dispersion in
business outcomes that match firm size distributions, empirically relevant cross-sectional
variation in educational attainment, and reasonable firm dynamics, among others. Im-
portantly, results are remarkably close to the findings of the empirical section: the
relationship between education and entrepreneurship arises indeed as an asymmetric
U-shaped form, and the theory is flexible enough to accommodate several shapes and
forms. A similarly good fit applies to the relationship between human capital and en-
trepreneurial income, wealth, and hired capital and labor. The analysis focuses on sta-

tionary competitive equilibria, the existence and uniqueness of which is established



Mean Field Game theory.The quantitative model is solved numerically using an implicit
upwind finite difference scheme following the methods described in Achdou et al. (2021).

The rest of the paper is outlined as follows. In Section /I I briefly review the most
relevant theoretical and empirical literature and highlight connections with the current
study. Section /7] contains the main empirical contributions. Section /V lays out the
model economy, presents a number of theoretical results which pin down the condi-
tions that shape household occupational choices, and offers insights upon the impact
of the entrepreneurship-education nexus on macro-development. Section V' carries out
an extensive quantitative exploration via calibration of the model economy. Section V' I
contains various counterfactuals . Section VI concludes the analysis and offers final

comments together with a few suggestions for further work.
II. Related Literature [[NCOMPLETE]

The seminal papers of Lucas (1978) and Rosen (1982) set up models of occupational
choice, in which individuals with better managerial skills will opt to become entrepreneurs
if the expected returns from starting their own firm exceed the wage they can earn as
workers. Parallel to those efforts, the influential study of Kihlstrom and Laffont (1979)
emphasized the relevance of risk aversion in choosing between occupations and its sub-
sequent general equilibrium effects. Later contributions by Evans and Jovanovic (1989),
Banerjee and Newman (1993), Aghion and Bolton (1997), and Piketty (1997) to name
a few, paved the road to the modern literature by stressing the importance of wealth
heterogeneity and financial frictions in the process of development.

In terms of quantitative theory, this study builds on a number of antecedents. The
dynamic general equilibrium approach I follow is related to a series of more recent “third-
wave” papers, with some noteworthy contributions being Cagetti and De Nardi (2006),
Banerjee and Moll (2010), Buera, Kaboski and Shin (2011), Buera and Shin (2013), Midri-
gan and Xu (2014), and Moll (2014), among others.

In light of the abundance of data during the past decades, one should be tempted to
ask who becomes an entrepreneur and what makes a successful one?. Some empirical an-
swers have been provided by Hamilton (2000), Cagetti and De Nardi (2006), and Poschke
(2013) for the case of the US, and by Blanchflower (2000) and Blanchflower (2004) for the

case of OECD countries.
III. Empirical Analysis

Not all entrepreneurs are created equal. Heterogeneity matters, and it matters in var-
ious ways. This section is an empirical study that throws light on the sources of hetero-

geneity across entrepreneurs and wage earners, as well as within entrepreneurs. The first

! As this literature is too extensive to cover, please see the excellent surveys of Quadrini (2009) and
Buera, Kaboski and Shin (2015).



contribution concerns the documentation of salients features of active entrepreneurs in
the U.S. over the last three decades using a wide-ranging set of demographic and personal
characteristics, with special focus on years of formal education. The second contribution
pertains to the analysis of selection into entrepreneurship along with systematic varia-
tions in business outcomes stemming from differences in educational attainment, which

is interpreted as a primary measure of human capital.

IIl.1. US. Dataset Description and Methodology

I use nationally representative data collected by the Survey of Consumer Finances
(SCF) over the period 1989 — 2019. The SCF is a detailed triennial cross-sectional survey
of U.S. households sponsored by the Board of Governors of the Federal Reserve System
in cooperation with the Statistics of Income Division of the IRS. I do not consider the two
datasets prior to 1989 (1983 and 1986) as those surveys are known to be of lower overall
quality, missing data were singly and not multiply imputed, and chiefly, interviewers did
not ask a number of questions regarding the households’ business activities.

Samples in the SCF are drawn based on a dual-frame sampling scheme. The area-
probability sample is selected in three stages in order to provide robust national coverage
of a broad range of behaviors and characteristics, and the list sample is selected using in-
formation from administrative data in order to disproportionately sample more wealthy
households. One important advantage is having many nationally-representative sam-
ples that adequately capture demographic and occupational characteristics, as well as
the full distribution of wealth and income. The SCF design also benefits the purpose of
this study since the over-sampling of the wealthy results in more observations of house-
holds associated with entrepreneurship.

There is a number of methodological aspects that need to be taken into account, es-
pecially those related to multiple imputation and repeated imputation inference (RII).
The theory on proper inference in this setting is well-understood; it was developed by
Donald B. Rubin in the 1970’s and exemplified in his famous book Rubin (1987) (see also
the survey of Little (1992), as well as Van Buuren (2018) for a good example of more
recent work in the field). In Appendix C I summarize what some of these issues are and

explain how the current study addresses them.
IIL.2.  Who Are the Entrepreneurs and How They Are Identified
A nontrivial question is how to identify entrepreneurs in survey data. The approach I

follow is inspired by Cagetti and De Nardi (2006) and De Nardi, Doctor and Krane (2007),
but instead of deciding solely upon the answers of the arbitrarily defined “household



head”, I take into account both the respondent (R) and the spouse/partner (S/P).?

I classify as entrepreneurs the households in which either Rt or S/P meets the follow-
ing four criteria: (i) engages in some form of self-employment as their primary occupa-
tion,® (ii) owns or shares ownership in at least one privately-held business, (iii) has an
active management role in at least one business, and (iv) the net value of actively man-
aged businesses in greater than zero. Throughout the paper I shall refer to such house-
holds as self-employed business owners (SEBO), or simply as entrepreneurs. Likewise, I
shall refer to the rest of the labor force as non-SEBO, or simply as workers/wage-earners.

The above classification is fairly noncontroversial since the mapping of related mod-
els to data calls for entrepreneurs to have an investment stake in their business and to
be working as managers with some span of control over hired capital and labor. The re-
quirement of self-employment eliminates people who are predominantly employed by
someone else and only help in a business as mere pastime. The requirement of owning
(part of) the business helps precluding counting as entrepreneurs people who are tem-
porarily self-employed or switching between jobs. The requirement of a managerial role
in at least one firm phases out potentially wealthy individuals who may participate in a
business only as passive investors. Also note that this definition does not discriminate
against the legal status of business, i.e., sole proprietorship, unincorporated partnership,
subchapter S or C, or an LLC/LLP company. More details can be found in Appendix C.

III.3.  Descriptive Analysis

Figure 1 shows the rate of entrepreneurship in the U.S. labor force according to three
different definitions, with SEBO being the adopted measure throughout this study. The
fraction of entrepreneurs has remained relatively stable over the thirty years, hover-
ing around 10.5 percent of the labor force. This average value is markedly close to the
arithmetic mean of 10.4 percent for the U.S. entrepreneurship rate over 1990 — 2009, as
inferred from Current Population Survey (CPS) data reported by Hipple (2010).* The ap-
parent consistency with U.S. Census/BLS data lends further credence to the procedures

2 Although most empirical analyses using the SCF have considered the personal characteristics of the
“head of the PEU”, it is important to realize that the respondent and the head in couple households are not
necessarily interchangeable. R is identified by the SCF staff in the initial screening interview as the more
financially knowledgeable person. For mixed-sex couple households, the SCF always assigns the title to
the male partner, and for same-sex couple households the older person in the partnership is assigned that
title. There is no reason why to simply assume that the head’s demographic and personal characteristics
(e.g., sex, race, age, experience) correspond to those of the SEBO in the household.

% To be more precise, the SCF provides the following answers relating to self-employment status: i)
Self-employed; other closely held business owned by PEU; ii) Partnership; law firm; medical/dental part-
nership; other non-publicly traded business in which R/S/P has an interest; iii) Consultant / Contractor.

* Specifically, this number corresponds to the sum of the incorporated plus unincorporated self-
employed divided by total employment in all non-agricultural industries; see Table 1 and Table 2 in Hipple
(2010). The results are identical to the first decimal point whether calculating the average of ratios or the
ratio of averages.



FIGURE 1: FRACTION OF ENTREPRENEURS IN THE U.S. LABOR FORCE
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Sources: Survey of Consumer Finances and author’s calculations.

I employ and to the argument for truly nationally representative empirics.
Entrepreneurs may form a relatively small group compared to the working popula-
tion, but their economic significance is disproportionately large. Two of the most con-
spicuous examples are depicted in Figure 2 and Figure 3. Despite being on average only
10.5 percent of the labor force, they hold 44 percent of total net worth. The systematic
concentration of wealth in the hands of SEBO becomes even more apparent when we
look at higher percentiles of the distribution. About 4 in 10 working adults with net
worth in the top decile are entrepreneurs; around 1 in 2 in the top 5 percent; and this
number climbs to almost two thirds when considering the top 1 percent of wealth hold-
ers. Furthermore, entrepreneurs receive on average between one fifth and one fourth of
total U.S. labor force income. They are also substantially overrepresented in the top per-
centiles of the income distribution, for example by a factor of 3 and 5 when looking at the
top decile and top 1 percent, respectively. However, it is worth stating that these num-
bers pertaining to entrepreneurial income should be taken more as lower bounds rather
than definitive estimates, as it has been known in the literature (e.g. Hamilton (2000))
that legally disclosed net business profit may be deceptively low because of various tax

incentives to underreport it to the IRS.
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FIGURE 2: SHARE OF U.S. LABOR FORCE WEALTH HELD BY ENTREPRENEURS (LEFT PANEL);
FRACTION OF ENTREPRENEURS IN SELECTED WEALTH PERCENTILES (RIGHT PANEL)
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FIGURE 3: SHARE OF U.S. LABOR FORCE INCOME HELD BY ENTREPRENEURS (LEFT PANEL) ;
FRACTION OF ENTREPRENEURS IN SELECTED INCOME PERCENTILES (RIGHT PANEL)
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Table 1 documents ample differences in various personal and demographic charac-
teristics across entrepreneurs and workers in the U.S. labor force. In a nutshell: en-
trepreneurs are more educated than workers; they have more years of potential experi-
ence in the labor market — they are also older on average; they work more and for longer
on a yearly basis; they score better when it comes to self-assessing their general health
condition; and they report higher willingness to take financial risk. There seem to be no
systematic differences in their rates of retirement or physical/mental disability. In addi-
tion, they are predominantly married (or in a civil union), male, and White/Caucasian,
although this has been steadily changing over the 21 century in line with demographic
shifts. For example, Black/African-American and Hispanic/Latino populations that have
been underrepresented in the entrepreneurial group are catching up in the second part
of the subsample, whereas the Other Race category, which consists of mostly Asian peo-
ple, has always been equally represented in both categories. Undoubtedly many of the
above disparities between occupational groups deserve a deeper look, and many of them
have been already studied to some extent in the relevant literature, but the dimension
of education has been largely overlooked. This is the topic I shall now turn to.

The evolution of average educational attainment for entrepreneurs and workers is
shown in Figure 4. The mean differences are extensive and somewhat widening over
time, with the plotted 95% RII confidence intervals suggesting very high statistical sig-
nificance. A discrepancy of 0.8 — 0.9 years of schooling on average should be considered
abundant, not only within a country’s labor force, but also across different countries.

To gain some perspective on what this average difference translates to in interna-
tional data, I consult the latest version of the Barro-Lee educational attainment dataset
for population aged 25-64. Over the period 1995 — 2015, if we look at average years of
schooling in some of the world’s richest advanced economies such as Ireland, Denmark,
Sweden, Germany, Australia, and Japan, and compare them to some less advanced and/or
upper-middle income countries such as Hungary, Poland, Lithuania, Latvia, Kazakhstan,
and Ukraine, the differences are less or equal to 0.9 years of schooling. A difference of
0.5 years or less can be obtained if we look at some of the relatively successful African
countries such as Tunisia, Egypt, and Namibia, and compare them to much poorer coun-

tries like the Republic of the Congo, Syria, and Cameroon.”

> For completeness, these are the underlying statistics (time averages for 1995 — 2015). Denmark:
12.1; Sweden: 12.1; Japan: 12.1; Germany: 12.0; Ireland: 12.0; Australia: 12.0; compared to, Hungary: 11.9;
Ukraine: 11.7; Poland: 11.4; Lithuania: 11.3; Latvia: 11.2; Kazakhstan: 11.2. We also have, Tunisia: 6.3;
Namibia: 6.3; Egypt: 6.2; compared to, the Republic of Congo: 5.9; Syria: 5.9; Cameroon: 5.8.



FIGURE 4: AVERAGE YEARS OF EDUCATION: U.S. ENTREPRENEURS VS WORKERS
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Notes: Connected markers refer to weighted arithmetic means by occupational group. Sample means and standard
errors are calculated under RII using all 5 SCF implicates for every observation and all 999 SCF bootstrap replicate
draws and weights. Shaded areas represent 95% confidence intervals for the mean.

F1GURE 5: U.S. ENTREPRENEURSHIP RATE BY EDUCATIONAL ATTAINMENT
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TABLE 1: DESCRIPTIVE STATISTICS: ENTREPRENEURS VS WORKERS

PoOLED 1989-2004 SAMPLE

PoOLED 2007-2019 SAMPLE

VARIABLE non-SEBO SEBO p-value of non-SEBO SEBO p-value of
(N1=13,932) (IN2=5,187) difference (N1=16,601) (N2=5,502) difference
Education 13.6 14.4 <.01 14.0 14.9 <.01
Potential experience 22.3 26.5 <.01 24.2 30.7 <.01
Worker experience 21.2 15.7 <.01 23.2 17.4 <.01
Self-employed experience 1.1 10.8 <.01 1.0 13.3 <.01
Annual labor supply 2,142 2,418 <.01 2,109 2,230 <.01
Health (1 — 4) 3.19 3.31 <.01 3.08 3.20 <.01
Risk willingness (1 — 4) 1.87 2.14 <.01 1.88 2.17 <.01
Employment variety 3.15 2.98 <.05 3.34 3.08 <.05
Unemployed partner (0/1) 0.25 0.22 <.01 0.26 0.23 <.01
Retired (0/1) 0.007 0.010 <.10 0.02 0.03 <.10
Disabled (0/1) 0.002 0.003 .65 0.010 0.008 .61
Male 0.68 0.77 <.01 0.65 0.73 <.01
Married 0.65 0.82 <.01 0.63 0.82 <.01
White/Caucasian 0.74 0.89 <.01 0.64 0.79 <.01
Black/African-American 0.12 0.03 <.01 0.14 0.05 <.01
Hispanic/Latino 0.09 0.03 <.01 0.12 0.06 <.01
Other non-white 0.05 0.05 .96 0.10 0.10 .79

Notes: All statistics refer to weighted arithmetic means. Sample means and standard errors are calculated under
RII using all 5 SCF implicates for every observation and all 999 SCF bootstrap replicate draws and weights. The
equality of means/proportions is assessed with a weighted, two-sided, unequal-variance hypothesis test.
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TABLE 2: WITHIN-ENTREPRENEUR HETEROGENEITY BY EDUCATIONAL ATTAINMENT

YEARS OF EDUCATION (POOLED 1989-2019 SAMPLE)

VARIABLE

[0,8] (8,12) 12 (12, 16) 16 (16, 21]
Total business income (> 0) 53,302 64,625 82,502 93,122 188,941 260,210
Total business income 38, 831 45,332 54, 886 64,102 129,745 195,047
Sole proprietorship income 26,014 33, 849 38,948 42,098 59, 181 100, 865
Total business income per hour (> 0) 234 35.1 54.9 64.5 114.5 229.0
Total business income per hour 17.1 24.5 37.0 42.0 78.6 170.5
Sole proprietorship income per hour  12.5 19.9 28.1 33.3 34.2 60.2
Firm employment size (> 0) 5.4 6.3 8.2 16.8 49.1 80.9
Firm employment size 3.4 4.1 5.7 10.9 35.5 62.1
Firm net value per employee 85,725 90,667 137,249 140,997 209,560 233,104
Main business ownership share 0.92 0.91 0.91 0.89 0.82 0.77
Potential experience 35.1 33.4 30.7 27.8 26.9 27.5
Self-employed experience 14.6 13.6 12.7 11.0 11.1 12.8
Prior worker experience 20.5 19.8 18.1 16.8 15.7 14.8
Risk willingness (1 — 4) 1.59 1.66 1.94 2.18 2.36 2.37
Health (1 — 4) 3.32 3.28 3.35 3.37 3.50 3.52
Ever received inheritance (0/1) 0.18 0.17 0.26 0.30 0.34 0.36
Expect to receive inheritance (0/1) 0.10 0.12 0.16 0.22 0.26 0.25
Male 0.92 0.82 0.76 0.68 0.72 0.77
Married 0.89 0.77 0.85 0.79 0.83 0.82
White/Caucasian 0.66 0.75 0.84 0.83 0.85 0.86

Notes: All statistics refer to weighted arithmetic means, calculated under RII using tall 5 SCF implicates for every observation
and all 999 SCF bootstrap replicate draws and weights.

11



Il1.4. Reduced-form Analysis [INCOMPLETE]

The descriptive results show dramatic differences along the dimension of educational
attainment, whether we consider occupational choice between entrepreneurship and
wage employment, or business outcomes within entrepreneurs. It is nonetheless possible
that these differences stem from a variety of sources aside from education. It could be the
case, for example, that highly educated individuals work longer hours and have more job
market experience, or that more educated entrepreneurs are on average healthier and
more risk-loving. In such cases the apparent impact of education could be fairly biased
upward, so one would want to control for as many confounding variables as possible.

In order to further sort out the effect of formal education on the rate of entrepreneur-
ship and on entrepreneurial outcomes, this section presents reduced-form results (probit

and OLS) for pertinent outcome variables. I consider regressions of the following form:®
yi = Bo+ P1 - educ; + By - educt + Xiy + Ty + Ty + Ty x Ty + Ty + ¢

where X is a rich set of controls such as potential experience, annual hours worked, self-
reported health condition and willingness to take risk, past and/or future inheritances,
marital status, sex, and race, among others. I also control for sector fixed effects (I';),
occupation fixed effects (I',), their interactions (I'y x I',), and year fixed effects (I';).
The coefficients 3; and [3; are of primary interest. For the probit regressions, if the es-
timated coefficient 31 is positive (negative) and strongly significant under conservative
standard errors, it can be interpreted as evidence that higher education has a positive
(negative) impact on the selection into entrepreneurship. The more interesting case is
when both hypotheses /73’\1 = 0 and 32 = 0 are strongly rejected so that a non-linear
relationship emerges, even after controlling for a wide range of factors. The exact com-
bination of signs and magnitudes of (El, Eg) will determine the vertex (— B / 23,) and
consequently the shape and asymmetry of the parabola within the support of educ.
The evidence presented can be also useful in addressing a famous myth surrounding
business success. Reflecting on the link between education and entrepreneurial achieve-
ments, one may be (unconditionally) tempted to conclude that the two are unrelated or
even inversely related. Famous examples of extraordinary entrepreneurs who happen to
be college dropouts come to mind, such as Paul Allen, Michael Dell, Larry Ellison, Bill
Gates, Steve Jobs, Steve Wozniak, and Mark Zuckerberg to name a few. One could go
even further and consider famous high school dropouts such as Richard Branson, Aman-
cio Ortega, and Francois Pinault. But such examples are so memorable exactly because

they are so rare. All in all, very successful entrepreneurs without higher formal educa-

6 Regressions are based on the entire pooled sample and are weighted by the appropriate SCF sampling
weights; estimated parameters are based on repeated imputation inference using all 5 SCF implicates for
every observation; bootstrapped standard errors are calculated using 999 SCF bootstrap replicate draws
and their respective replicate weights. As before, please refer to Appendix C for more details
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tion are the exception rather than the rule. They form a particular subset made by tail
events, with a relatively small measure compared to the set of entrepreneurs, and this is
perhaps another reason why their cases are so exceptional.

IV. The Model Economy

IV.1.  Setup, Endowments, Preferences

The model describes an infinite-horizon economy set in continuous time, ¢ € [0, c0),
under the usual conditions: a complete filtered probability space (2, F,{F;}i>0, P) with
information given by the typical filtration induced by a Wiener process, W; € R3. The
sample space is the compact set 2 = (A x Z x H) C R3, generated by the joint support
of the three state variables described in the next paragraphs.” Admissible controls are
chosen from the space £2(§2, F,P) of square-integrable J;-adapted processes.

There is a measure-one continuum of infinitely lived agents who are ex-ante het-
erogeneous in their initial level of wealth, a € A, entrepreneurial productivity, z € Z,
and human capital, h € J{. We can interpret z as an inalienable characteristic of en-
trepreneurial talent with a wide perspective: the efficiency in combining factors of pro-
duction, the quality of business ideas and management, the ability to market the con-
sumption good successfully, or the capacity to withstand demand shocks. Likewise, we
can think of human capital h as an all-encompassing measure of notions such as the
benefits of formal education, fluid intelligence, and determination.

At each point in time, individuals with wealth (a) observe their human capital (h)
and entrepreneurial productivity (z), and decide whether to work for labor income con-
tingent on their skills (wh) or to become entrepreneurs and earn profits (7 (h, a, z|w, r)).
All agents supply their labor inelastically to the market.

The endogenous state variable of each agent is her level of wealth, which is optimally
determined by forward-looking saving behavior. The two exogenous states, z; and h;,

evolve stochastically according to independent It6 processes of the (differential) form,

dzy = j1.(z,t) dt +7.(2,t) AW (1)
dh; = fin(h,t) dt + 3, (h,t) dW} ()

where all drift and diffusion coefficients are globally Lipschitz-continuous, hence all
transition functions satisfy the Feller property. I only consider processes that admit

non-singular invariant measures, so that stationary and ergodic distributions do exist.?

7 There is no theoretical reason per se to restrict the analysis of the state space to be compact; this is
motivated purely by practical reasons. Since I will ultimately solve the model quantitatively and will get
to choose closed and bounded grid intervals, the sets will be de facto compact.

8 For the even more general case of Feller processes, a known necessary and sufficient condition for
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It is also assumed that due to technological reasons the realizations of z; and h; lie
within the compact sets Z and I, respectively, as every sample path is reflected both
above and below (reflecting barriers). This natural assumption gives rise to two Neu-
mann boundary conditions for each process; see 18 and 19 below. To emphasize the
relevance of the model without presupposing any dependence between entrepreneurial
talent and human capital at the population level, I take the two Wiener processes to be
mutually independent, i.e.,, W7 | W} Vt € [0, 00).

Agents have standard preferences over utility flows from consumption, ¢;, discounted
at the common rate p > 0. I assume CRRA preferences so that the instantaneous utility

A=

of consuming the final good is u(¢;) = = Under a physical probability measure P,

agents seek to maximize the expected current value of their objective function over the

set of all admissible controls C(h, a, 2),

V(h,a,2,t) = max E, { / e " u(c,) ds | F, (3)
ct€ t

In the absence of aggregate shocks, the state vector (ay, z;, h;) completely character-

izes each individual at any point in time, and the state of the economy is given by the

(endogenous) joint distribution G¢(h, a, z).

IV.2.  Financial and Labor Markets

Financial markets are fully liquid but incomplete. Agents have access solely to non-
state-contingent deposits that pay interest rate r,. Credit transactions are settled within
the same period and all individuals face a common borrowing constraint. The state con-
straint for wealth becomes a; > 0, V¢ € [0, 00), giving rise to a state constraint bound-
ary condition (SCBC). In conjunction with idiosyncratic productivity shocks, the bor-
rowing restriction accentuates the Bewley component of the model: precautionary sav-
ings lead to a higher aggregate supply of capital, thus to a lower risk-free rate.

Physical capital is the only productive asset in the economy. Entrepreneurs and
households trade capital via a large number of competitive financial intermediaries that
receive deposits from savers and create capital loans for firms. The equilibrium interest
rate is determined endogenously through the forces of aggregate supply and demand.
The zero-profit condition for intermediaries implies that the rental rate equals the user
cost of capital: Ry =, + 0.

Active producers can finance their capital expenditures (k;) using either internal
funds, or by seeking external funds from financial intermediaries, with the latter be-

ing subject to frictions. Due to limited contract enforceability, they all face a common

the existence of an invariant probability measure yi, on R is [, Ay f(2) 1o (dz) = 0, for all cadlag f(.) in
the domain of its infinitesimal generator A,.
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collateral constraint restricting their maximum debt position (d;) to a fraction of the
entrepreneur’s hired capital.’” Specifically, d; < vk;, and using the definition d; =
max{k; — as, 0} the constraint becomes,

ke <

1—0 ay (4)

The parameter ¥ € [0, 1] offers a parsimonious way to capture the degree of financial
frictions in the economy, where ¥ = 0 corresponds to financial autarky, and ¥ — 1
results in a frictionless capital market.

The labor market is competitive; no firm has wage-setting power as the mass of each
entrepreneur is strategically negligible. Workers supply labor to firms inelastically, de-
nominated in units of human capital, with the total units of marketable human capital
resolved in general equilibrium. Under perfectly substitutability of labor inputs in a com-
petitive market, employees receive labor income equal to w;h;. The equilibrium effective
wage rate, wy, is determined endogenously through the aggregate supply of human cap-
ital by workers and the aggregate demand for labor by entrepreneurs.

This setup captures the common assumption of efficiency units of labor. When en-
trepreneurs hire labor/units of human capital, the actual composition of hired workers
does not matter. That is, there is no assortative matching.

IV.3.  Entrepreneurs and Technology

Entrepreneurs behave competitively in product and factor markets. Revenue is gen-
erated according to an individual-specific technology that turns capital and labor into
the homogeneous consumption good, which is taken as the numeéraire. They hire k units
of physical capital and ¢ units of human capital to maximize per-period profits.

Given a wage rate per unit of human capital (w) and a rental rate of capital (r), the

entrepreneur’s indirect profit function is:

w(h,a,zlw,r) = max Y(he, 2, k, 0) —wl — (r+0)k (5)

"W

1
1—9

subjectto k£ < a

? This form of static collateral constraint has been quite standard in the macro and entrepreneurship
literature for more than three decades; e.g., Evans and Jovanovic (1989), Kitao (2008), Banerjee and Moll
(2010), Buera and Shin (2013), and Midrigan and Xu (2014), among others. It can be derived in the context
of a simple limited enforcement problem with limited liability. Upon entering a contract, entrepreneurs
can renege on their obligations and embezzle their full debt position; in retaliation, lenders can seize a
fraction ¥ of the firm’s hired capital. In a zero-profit equilibrium, intermediaries will lend only up to the
amount they can recover, meaning that d; < ¥k;. In principle, as Moll (2014) has showed, the collateral
constraint can potentially take much more general forms without necessarily affecting the core results, as
long as the constraint is linear in wealth.
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To explore the quantitative implications of the model in detail, I expand upon Lucas
(1978) and consider the production technology,'’

(2, ey, 0) = (2, he) (k20) " ©6)

where he = h; - Leptrepreneur denotes the level of human capital of entrepreneur ¢; v is
the span-of-control parameter. As a result there are diminishing returns to scale along
the expansion of a firm’s activity, since it becomes increasingly difficult for the manager
to exert control over the production plan and thus marginal products diminish.

The nature of the function ((z, h.) is consequential. I hypothesize the existence of
a disembodied technology that coalesces an entrepreneur’s talent (z) and human capital
(he) to form the fundamental “effective entrepreneurial productivity.” The output of
this process is what entrepreneurs/firms ultimately use in the production process, and
it involves positive complementarity between z and h..'" It need not be constant across
economies or over time.

Active entrepreneurs face an intratemporal technology adoption choice in the begin-
ning of every period. Reaping the underlying benefits is not guaranteed, as the complex-
ity conjoined with adopting the technology incurs some costs. To keep things uncom-

plicated while retaining interesting results, I propose the following specification:

C( L ) z at no cost 7
z,he) =
zh® atcost k-y(), k € (0,1)

where the parameter w is of particular interest as it governs the complementary between
entrepreneurial talent and human capital. The cost parameter « implies that the propor-
tionally constant tradeoff is denominated in (common) units of output. Moreover, the
function ((z, h,) is uniformly continuous on any convex domain of R?, and for w § 1it

exhibits diminishing/constant/marginal returns with respect to 2, upon adoption.

LEMMA 1 (TECHNOLOGY ADOPTION): Given any joint distribution G(z, h):

1 : :
-3Ah(k,w) = (ﬁ) ' such that all ex post capital unconstrained entrepreneurs choose

to adopt the technology if and only if 2 > h. The same applies to ex ante-ex post capital

constrained entrepreneurs.

- 3h%(a, k,w) > h such that all ex post capital constrained entrepreneurs choose to
adopt the technology if and only if h > h°.

19 Tn this class of models, the specific functional form of the individual production functions presented
and most of the results that will be presented, including aggregation, are easily generalizable. The key
assumptions are that all firm production functions are homogeneous of the same degree in all inputs and
that productivity shocks are multiplicative.

1 Tn slightly more technical terms, the theorized function is assumed to be log-supermodular.

16



The ensuing technology choice has an intuitive interpretation: for low levels of hu-
man capital individual choose to fully rely on their entrepreneurial ability, whereas more
educated individuals will choose to complement their talent with the skills and compe-
tences that human capital entails. Ceteris paribus, “more productive entrepreneur = more
talented or more educated.” The potential impact of financial frictions is illustrated in
the second part of Lemma 1; individuals who will be capital constrained upon adoption

due to insufficient assets face a higher human capital cutoff.
LEMMA 2: Net firm output can be expressed as:
N - S~ o~ 1—-v
7= 2h <ka£ H) 8)

- he w
hi= h]glh + h]>lh (ﬁ) ©)

Optimal factor demands depend on individual state vectors (h,, a, z) and are given by:

a(l—v) l1-a(l-v)
(a(l—y)) v ((1—@)(1—1/)) v (10)
T+ Wy
1-(1—a)(1—v) (1—a)(1—v)

(%) ((1 - aLil - V>>y (11)

The entrepreneur-specific shadow interest rate is defined as 7y(he,a,z) = 1y + M he, a, 2)

~

U(he,a,z) = (zh)

N

~

k(he,a,2) = (zh)

N

where \(.) > 0 is the Lagrange multiplier on the collateral constraint, and corresponds to:

4 1—(1—a)(1—v) (1-a)(1-v)
~ 1 _ v 1 _ 1 _ v
re if a>(1—1) (Zh)% (O‘( V)) (( a)( V))
R T+ ) Wy
Fulhe, a,2) = T\ g 1 T,
(Zl )" (( —o)d - V>> a(l —v) —0 otherwise
|\ 19 we
(12)

In the presence of a certain wealth heterogeneity in the economy, Lemma 2 estab-
lishes that collateral constraints will alter the production scale and profits of some en-
trepreneurs. This shows up in the shadow cost of funds'* each capital-constrained pro-
ducer is facing, i.e., through the size of the multiplier A(h.,a, z). As the demand for
capital and labor is strictly increasing in z and h, agents on the higher end of both distri-
butions are being disproportionately affected. The dispersion of marginal products thus

creates a persistent case of capital and talent misallocation on the intensive margin.

12 This is the terminology that Midrigan and Xu (2014) use and their work contains similar results.
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All production takes place intraperiod, with earnings distributed to entrepreneurs
accordingly. As individuals observe their state vector (h, a, z) at the start of each period,
there can be no default. At the end of the period agents make their consumption/saving
decisions. To keep things simple I assume no adjustment costs in the operation of pro-
duction technology, as well as no costs of switching between occupations. In terms of
entry (exit) into (from) entrepreneurship, the only cost is foregone wage income (profits).
These assumptions render much of the problem static and make the solution consider-
ably simpler, since each agent’s occupational choice is a control variable in every period
but not a state variable in the next one.

After occupational choices have been made the flow budget constraint becomes,

a=Y(h,a,z)+ra—c (13)
Y(h,a,z;w,r) = max {W(h, a, z;w,T), wh} (14)
a>0 (15)

IV.4.  Recursive Formulation and Stationary Competitive Equilibrium

[ restrict my attention to stationary competitive equilibria, i.e., 9V /0t = 0. In recur-
sive form, the set of optimization problems can be summarized by pairs of Hamilton-
Jacobi-Bellman equations and a set of boundary conditions over the state space (2,

pV(h,a,z) =max u(c)+ Vi(h,a,z) (Y(a, z, h;w,r) +ra—c)

ceC
- 1. -
+ Vi(h,a,z)pn,(2) + EVZZ 52(2)
~ |
+ Vh<h, a, z)uh(h) + §th O'Z(h)
= max u(c) + AV(h,a,2) (16)
Va(h,a,z) >4 (Y(h,a,2)) Vz,h SCBC for a = 0) (17)
V.(h,a,z) = V.(h

(
,a,2) =0 Va,h  (NBC for z and Zz) (18)
(NBC for hand h)  (19)

(
(
Vi(h,a,z) = Vi (
(h,a,z) =0 (TVC) (20)

lim e *ta, V,
t—o00

In a stationary equilibrium the state of the economy is given by the non-singular
joint distribution G/(h, a, z), with corresponding density g(h, a, z)**, which satisfies the

3 As a side note, most papers either assume or impose the existence and uniqueness of the corre-
sponding density, but it is in fact straightforward to prove it in a fairly general setting. Assuming the
standard Lipschitz and Holder conditions that ensure the existence and uniqueness of a SDE solution for
each univariate It6 process X;,7 = 1,...,n, it is known that the induced measure is absolutely contin-
uous wrt the Lebesgue measure A\. By the absolute continuity of every induced measure p;, and since
these measures are o-finite as each state space is generated by sets of finite measure, it follows that the
product measure p” 1= p3 X - -+ X iy, is absolutely continuous wrt to the n-dimensional Lebesgue mea-
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Kolmogorov Forward (or Fokker-Planck) equation,

0
0=-— %[3(}%@72) g(hch?Z)]
2 rathn, ) + 5 L7 o0 )
P 19*

8h[uh(h)9(h a,z)] +'§5E§[
=Bg(h,a,z) (21)

with the necessary boundary condition,

0==[vGa)| +|o( s+ 57@0)| +|o(Tor55cEa) |

(22)

The term s(h, a,2) := (Y(a, z, h;w,r) + ra — ¢) denotes optimal savings, i.e., the
optimal drift that solves the corresponding HJB equation. Note that the “HJB operator”,
A, is the infinitesimal generator of the joint stochastic process (h, a, z). Such a differ-
ential operator can be thought of as the infinite-dimensional analogue of a continuous
time transition matrix. Accordingly, the “KFE operator” B has a very special connection
with the HJB equation.

LEMMA 3: The Kolmogorov Forward differential operator BB in (21), with the necessary
boundary condition (22), is the (Hermitian) adjoint of the Hamilton-Jacobi-Bellman in-
finitesimal generator A in (16) with boundary conditions (17) through (19). That is, B = A*.

A stationary competitive equilibrium consists of a set of F;-adapted allocation pro-
cesses {Cy, Sp, Uy, ki, Ye }72,, price processes {wy, 1 }52,, and sequences of joint distribu-
tions {G(h, a, z) }$2,, such that, for all ¢ > 0:

1) Given price processes, the allocations ¢;(h, a, ), $;(h, a, z), E(h, a, z),%t(h, a,z),
Y¢(h,a, z)} solve the stochastic control problems (16)—-(19)

2) The physical capital /asset market clears:

S(r, w) ///adGhaz /// (h,a,2) dG(h,a,z) = K(r,w)

HXAXZ HexAegXZe

sure A”. As u" << A", the Radon-Nikodym theorem ensures the existence, uniqueness (up to A™-null
sets), and non-negativity A"-almost everywhere of a joint density g(z1,...,z,) > 0, which is simply the
Radon-Nikodym derivative of the induced product measure wrt A™.
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3) The human capital /labor market clears:

/// h dG(h, a, ) /// (h,a,2) dG(h,a,z) =: L(r,w)

%WX‘AWxZW 5’(5 XA,gXZ,g

4) The goods market clears (by Walras’s law):

/// (h,a,2) dG(h, a, 2) /// (h,a,2) dG(h,a,z) + 0K (r,w)

HexAgxe HxAXZ

5) The joint density of human capital, wealth, and entrepreneurial ability satisfies the

Kolmogorov-Forward equation (21) with boundary condition (22).

Obtaining an equilibrium amounts to solving pairs of coupled, nonlinear, second-
order partial differential equations (HJB and KFE). Classical PDE solutions are not guar-
anteed to hold in this setting, as the non-convexities induced by occupational and tech-
nology choices give rise to convex kinks. The appropriate solution method requires the
powerful theory of constrained viscosity solutions; see Crandall and Lions (1983).

The assumption of a continuum of non-atomic agents that face idiosyncratic — but
not aggregate shocks — and interact strategically only through the incentives actuated
by a common set of prices (r,w), implies the following result. Given solutions to HJB
equations and the market clearing conditions, despite the stochastic evolution of indi-
vidual state variables, the dynamics of the aggregate state distribution G(h, a, 2) is de-
terministic due to a law of large numbers with its density governed by the Kolmogorov
Forward equation. This is a multivariate case of what Lasry and Lions (2007) call a Mean
Field Game without common noise. As a result, joint/conditional/marginal frequency
and probability distributions coincide on all subsets of the unit interval, hence we can
readily obtain aggregate quantities through multiple integration over €.

Computationally, the problem is solved using an implicit upwind finite difference
scheme that is stable, consistent, and monotone in the sense of Barles and Souganidis
(1991), and thus yields unique viscosity solutions to the HJB and KF equations. For a
detailed exposition see the work Achdou et al. (2021), the approach of whom I follow
closely. All computational details, including the construction of grids for (h, a, z) and
the solution algorithm, are relegated to Appendix B.

4 To avoid any potential measurability problems, one can appeal to the theorems of Uhlig (1996).
Moreover, in this setting we can always switch from multiple to repeated integration by the Fubini-Tonelli
theorem: given the o-finiteness of measure spaces and the measurability of functions, the iterated integrals
are well-defined with respect to the unique product measure and equal to the multiple integrals.
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IV.5. Occupational Choice and the Entrepreneurship-Human Capital Relationship

As in many studies in the literature, an object of interest is the productivity cutoff
above which individuals decide to become entrepreneurs. In contrast to most studies,
this threshold is neither unique for all agents, nor does it hinge on wealth alone, but
also depends on the level of human capital in a non-linear way. Each cutoff is jointly
determined by a three-dimensional fictitious marginal agent that is indifferent between

becoming an entrepreneur or a wage worker. A first finding is summarized below.

LEMMA 2 (NON-MONOTONE PRODUCTIVITY CUTOFFS): (a) The entrepreneurial produc-

tivity cutoff for unconstrained agents (7 = r) is independent of assets and given by:

v—1

G () ()] e

§<he) = (23)

W\ Y «Q * /1 —a\'" -
V—w W 1 —
\he f (1/) [( V) (7‘+5> ( w > ] for he > A

Therefore, z(h.) is strictly increasing in human capital for all h, < h, and under the con-

dition w > v, it is strictly decreasing for all h, > h.

(b) The entrepreneurial productivity cutoff for each constrained agent i depends on her

assets, a; < (1 —9)k(a;, z, he), and given by:

1—wv w

[t - (a0 (YY" 2 a4 0)] for h, <
g | (5] L0 G v

1

e () T0a) @ () = ag +0)] T for by >
1

— U w
(24)

where v := (1 — «)(1 — v). The cutoff z°(he, a) is strictly increasing in human capital for

all h, < h, and under the condition w > o + v — aw, it is strictly decreasing for all h, > h.

Lemma 2 demonstrates that occupational choices depend on human capital non-
monotonically, under a necessary and sufficient condition. As we consider individu-
als with human capital less than 5, breaking even requires draws from a progressively
higher part of the entrepreneurial talent distribution, which naturally occurs with lower
probability. On the contrary, higher human capital when 4 > h makes the entry into en-
trepreneurship progressively easier (in terms of z-cutoffs) since profits grow faster than
labor income in that direction of h, as long as the complementarity parameter w is not

too low. These results also show that the tightness of the collateral constraint will impact
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the occupational choice of individuals who would be constrained should they decided
to become entrepreneurs. For a given wealth level, tighter borrowing conditions make
it more difficult for profits to match foregone labor income, inducing a higher cutoff for 2.

PROPOSITION 1: For any sequence of equilibrium prices {w;, r; }+cr, , joint distributions
{G(h,a, z) }icr, , technology adoption cost x € [0, 1], and collateral constraint ¥ €
[0, 1], there exists a non-increasing measurable function x(¢) : [0, 1] — [v,a 4+ v — av],

such that the entrepreneurship rate by human capital is:
« strictly decreasing Vh € ‘H almost surely, if and only w < x(9);

« strictly decreasing Vh < h(k,w) and strictly increasing Vh > h(k,w) almost
surely, if and only if w > x(9);

« strictly decreasing Vh < h(k,w) almost surely, and anything goes Vh > h(x,w),
if and only if v < w < x(99).

The conclusions of Proposition 1 are stark, flexible, and in line with the empirical
findings under minimal restrictive assumptions. The pivotal condition bears on the com-
plementarity parameter in tandem with financial frictions; it requires w to be larger than
an endogenous cutoff value that is non-decreasing in ¥, meaning that tighter financial
markets dictate a larger w to achieve entrepreneurship rates that are increasing some-
where in the support of human capital. These results hold under any joint distribution
for (z, h) that is non-flat almost everywhere in its support. The steepness and curvature
of this relationship will obviously depend on the magnitude of parameters, but the main
consequences are nonetheless clear-cut. For example, the probability of being an active
entrepreneur in this economy will arise as asymmetric U-shaped in the second case the
proposition, with the lowest probability occurring right on the threshold i(k, w).

This global minimum property offers not only a sharp theoretical prediction, but also
a decisive empirical advantage. Given a mapping between years of schooling and human
capital, & is an identifiable parameter determined by observables — either directly from
descriptive data or through a reduced-form model - that can be calibrated or estimated
using standard structural methods. This makes the model particularly attractive to use
with micro-level datasets, as well as for cross-country analysis.

PROPOSITION 2: For any sequence of equilibrium prices {w,r }ier, , joint distri-
butions {Gy(h, a, 2) }ier ., technology adoption cost k € [0, 1], and collateral constraint
v € [0, 1], at each time t, the expected value of any entrepreneurial outcome X (produc-
tion plans, profits, capital and labor demands) is strictly increasing in human capital with

probability 1. That is, %,E’M > 0 as. Vh € H.
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Proposition 2 establishes another key result that is prevalent in the empirics of Sec-
tion //1: the central tendency of business outcomes is monotonically increasing in
the educational attainment of the firm owner/entrepreneur. The result is guaranteed
to hold irregardless of the value of w, and the level of the cost x is extraneous to the
core prediction. This occurs for two reasons. For h < h, there is a self-selection effect:
choosing entrepreneurship instead of working for a wage implies higher draws from
the z-distribution as h increases in order to . For h > h, technological choices lead to
a rightward shift of the effective productivity distribution; i.e., for the same level of z,
the “more educated” distribution dominates the “less educated” one in the first-order

stochastic dominance sense.

PROPOSITION 3 (AGGREGATION): In a competitive equilibrium, the production side of

the economy aggregates and net total output per person can be expressed as:

atv
/// (z%)% (7(h,a,z) + 5)7% dG(h,a,z, &)
Yy — HXAXZ _ (KaHl_a)l—u
/// (zﬁ)% (7(h,a,z) + 5)7@7? dG(h,a, z, &)
HXAXZ

Q)

(IE [(R)* (7(h,a,2) + ) a})
(&) (KH'™ )™ (25)

=
—~— ~ 1 _ @ty
TFP extensive margin <E [(Zh) v (;?(h’ a, Z) + 5) v

Vv
TFP intensive margin

where @ := a1 — v) and u(€) is the measure of entrepreneurs. In the absence of financial
frictions (¥ — 1), total output per worker becomes:

1
v

8}) (KeH)'™" (26)

To sun up, it would be instructive to use a simple illustrative diagram to contrast the

implications of the model economy .

V. Quantitative Exploration

V.1. Parametrization and Calibration

The length of a period is taken to be one year to allow for internal consistency with

aggregate, survey, and firm-level data. The calibration strategy is on the side of par-
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FIGURE 6: ENTREPRENEURSHIP RATE ALONG h: HiGH vSs Low COMPLEMENTARITY
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Notes: This illustrative diagram depicts the fraction of the labor force opting into entrepreneurship for each level of
human capital h. The curve for “this economy” is drawn for the empirically relevant case of w > w(¥) € [a+v—av].
The term “standard economies” refers to macro models that do not allow for human capital/labor ability to directly
affect entrepreneurial outcomes, or do not impose any functional relationship between the distributions of z and h.

simony and contrary to the proliferation of free parameters. I reduce the number of
degrees of freedom first by preassigning values to conventional and well-accepted pa-
rameters in the literature, next by estimating parameters that can be easily inferred from
the data used in the empirical section of the paper. The model is then disciplined via the
joint calibration of only six parameters that are relatively nonstandard, and thus of prin-

cipal interest. Table 3 summarizes the results discussed below.

To begin with, we need to specify the exact type of Itd processes for z; and h;. One
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straightforward and reasonable option is to model their evolution by,

dlog z = (., — log z;) dt + o, AW} (27)
dlog hy = op(pun — log hy) dt + oy, thh (28)

Each equation describes a Ornstein-Uhlenbeck (OU) process in natural logs — the continuous-
time analogue of a log AR(1) process, with drift 1, speed of reversion (persistence) gov-
erned by ¢, and innovation dispersion o. An application of It6’s lemma yields the rep-

resentation of each process in levels,

1
dz = |:90z (Nz — log Zt) + §O-§:| zedt + 0.2 AW (29)
1

By virtue of mean-reversion and the properties of W, both (marginal) stationary and

o2

ergodic distributions are log-normal: log 2, ~ N (4., 5=) and log by ~ N (u,, 2‘%) By
the assumption of independent Wiener processes, (z;, h;) are also jointly log-normal at
the population level.” Since the distribution of shocks to entrepreneurial productivity
predominantly shapes the firm size distribution in the model, the above result is rather
empirically relevant; see the work of Kondo, Lewis and Stella (2021).'

The model requires 14 parameter values to be specified. On the household side, the
subjective discount p and coefficient of relative risk aversion v; two technological pa-
rameters, o and v; the capital depreciation rate J; six parameters describing the OU
processes for entrepreneurial productivity, u., 0., ., and human capital, y5, oy, @p; the
extent of financial frictions captured by ¢; and the level of the local threshold externality

h together with the complementarity parameter w.

Preassigned parameters: The set of preassigned parameters is {«, 7, 0, 1., ¢n, }. Values
for the first three are fairly canonical in the macro-development and growth literature. I
fix the coefficient of relative risk aversion to v = 1.5; the annual capital depreciation rate
is set to 0 = 0.06; the elasticity of output with respect to capital is chosen to be o« = 0.36,
which, in the presence of moderate financial frictions, results in an aggregate capital
share of income close to 0.34 for the U.S.. As normalization, the drift of entrepreneurial

productivity is p, = 0, which simply implies a zero-mean process in logs. Lastly I set

15 Of course this does not imply uncorrelatedness or joint normality within each occupational group.
Even with frictionless capital markets, productivity cutoffs still depend on human capital, thus the joint
distribution of (z, h) for entrepreneurs (workers) will turn out to have some dependency structure.

16 Using an extensive confidential Census Bureau panel dataset, one of the main stylized facts the
authors establish is that “a lognormal fits both firm and establishment size employment distributions
better than the commonly used Pareto, even far in the truncated upper tail” This is an important empirical
finding that casts doubt on the conventional wisdom that the U.S. firm size distributions are adequately
approximated by a Pareto distribution with a shape parameter close to one (Zipf’s law).
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the persistence parameter for h; to the highest value possible without causing numerical
problems, e~¥" = (0.999, for two reasons. First, since I am mapping the model notion
of human capital to educational attainment in the data, I am identifying a characteristic
that is practically time-invariant. Second, I want to abstain from sizeable shocks to hu-
man capital so that the main source of firm dynamics is entrepreneurial productivity —
and secondarily consumption-savings dynamics - thus making my results more easily

comparable to the majority of the literature.

Estimated parameters: There are three parameters that can be easily estimated using
the data and methods of Section III: {y,, oy, h}. These are all related to human capital,
so as long as we specify a bijective map between units of human capital and measured
years of formal education, statistical inference is straightforward. Regarding the former,
I draw upon a standard practice in the macro-development literature, e.g., Hall and Jones

(1999), Caselli (2005), and assume the simple mapping,

0.134- S if S <4
hy = e?S) 0(S) =< 0.134-440.101 - (S — 4) if4<S9<8 (31
0.134-440.101-440.068 - (S —8) if8< S

where S = 0,1,2,..., denotes years of formal education and 6(S) is a piecewise-linear
function that reconciles the Mincerian approach (log-linearity of wages and school-
ing) at the country level with the concavity of this relationship across countries, e.g.,
Psacharopoulos (1994).

Using this transformation I estimate the parameters of a log-normal distribution with
location p, and scale s? = o3 /(2 using MLE in the pooled SCF data for 1989 — 2019,
resulting in logh ~ AN(1.3421,0.0502); equivalently, o5, = 0.010. Finally, I employ
the reduced-form results of Section III to identify the level of the threshold externality.
Depending on how many controls are considered, the estimated relationship ranges from
the 8th year to the 10th year of schooling. An evenhanded option is to choose the 9th
year of schooling.

Calibrated parameters: There remain six parameters to be jointly calibrated for the
model to best fit six relevant moments in the data. The vector under consideration is
{v,w,0.,¢., 9, p}. Although exact identification is typically impossible in this class of
non-linear general equilibrium models, the targeted moments are selected to be suffi-
ciently informative about the calibrated parameters so that the objective function is not
flat along any direction. The calibration sensitivity matrix confirms and validates

Table 3 reports the output of the calibration exercise and summarizes the rest of the
parametrization. Many of the calibrated parameter values are easily comparable and are

close to alternative estimates of these values in the relevant literature.

{v | fraction of entrepreneurs in the labor force}. The span-of-control parameter
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governs the shape and scale of production possibilities and profit functions, hence is of
paramount significance when in comes to occupational decisions. The same conclusion
can be reached by observing the dominant role of v in the z-cutoff expressions of Lemma
2. The calibrated value is v = 0.232. At first glance this may seem higher compared to
economies without financial frictions and/or with a corporate sector, typically in the
range of 0.15 — 0.20, but it is not so in comparison to the germane class of models. For
instance, the calibration of Buera, Kaboski and Shin (2011) to the U.S. economy results
inv = 0.21 (o + 0 = 0.79 in their model), which in turn generates an entrepreneurship
rate of only 5 percent.

{0, |= dispersion of (log) TFP} The standard deviation of entrepreneurial productiv-
ity shocks is clearly the primary source of variation among production plans, it is thus
palpable to match the cross-sectional dispersion of firms’ log TFP in the data. A good
benchmark choice is given by Haltiwanger (2011), who states that the bulk of empirical
evidence suggests “...estimates of the standard deviation of innovations to productivity
shocks of about 0.20 (in terms of log total factor productivity).” This observation is also in
line with the summary statistics on firms’ productivity measures in Foster, Haltiwanger
and Syverson (2008).

{¢. = firm entry rate} The persistence of entrepreneurial productivity is by far the
main driver of firm dynamics in this setting, and so it is chosen to match the average U.S.
firm entry rate for 1989 —2019. As a reminder, in the stationary equilibrium of the model
economy the firm entry and exit rate are equal. The calibrated value of e™%> = (0.908
is close to the estimates of Asker, Collard-Wexler and De Loecker (2014) using an AR(1)
specification for (the log of) TFPR. In fact, it falls between their own estimates and the
reproduction of the Hsieh and Klenow (2009) analysis using their dataset. !’

{¥ = External finance-to-output ratio} the most relevant data counterpart is at least
since the work of Rajan and Zingales (1998) '*

{p |= real rate of return on capital} The household discount rate, p, is set to match an
average real interest rate of 4 percent per annum, a value commonly used in the litera-
ture. In view of r as the average real rate of return on capital, it also conforms with find-
ings by Gomme, Ravikumar and Rupert (2011). The calibrated value of p = 0.089 implies
an economy with fairly impatient agents, a result that is fairly standard in the sphere of
incomplete-market models with entrepreneurship. For instance, the baseline calibration
of Cagetti and De Nardi (2006) requires a (discrete time) discount factor of 5 = 0.865
to match a 6.5 percent equilibrium interest rate; similarly the model of Buera and Shin

(2013) targets a 4.5 percent interest rate and requires a discount factor of 5 = 0.904.

17 See Table 1 at http://www.johnasker.com/ ACWDLcomment.pdf.
18 See for example Buera, Kaboski and Shin (2011), Buera and Shin (2013), Midrigan and Xu (2014),
Moll (2014) and the references therein.
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TABLE 3: BASELINE MODEL CALIBRATION; MOMENTS AND PARAMETERS

TARGETED MOMENTS Data  MoDEL SOURCE
Entrepreneurship rate in the labor force 0.105  0.105 SCF and CPS

Share of total income received by top 20% 0.499  0.492 CPS ASEC

Firm entry/exit rate 0.110 0.110 BDS

Dispersion of (log) TFP 0.200 0.200 Haltiwanger (2011)
External finance-to-output ratio 1.640 1.640 GFDD/World Bank
Real rate of return on capital 0.040  0.040 See text
CALIBRATED PARAMETERS VALUE COMMENT
Span-of-control parameter (1) 0.232 XXX
Complementarity between z and h, (w) 0.511 XXX

Dispersion of productivity shock (c,) 0.210 XXX
Autocorrelation of productivity z (e~%7) 0.908 XXX

Collateral constraint (1) 0.866 XXX

Subjective discount rate (p) 0.089 XXX
PREASSIGNED PARAMETERS VALUE COMMENT
Elasticity of output w.r.t. capital («) 0.360 Standard

Capital depreciation rate (¢) 0.060 Standard
Coefficient of relative risk aversion () 1.500 Standard

Mean (log) entrepreneurial productivity (x,)  0.000 Normalization
Autocorrelation of human capital (e~#») 0.999 XXX

ESTIMATED PARAMETERS VALUE COMMENT

Mean (log) human capital (py,) 1.342 MLE based on the grid for A
Dispersion of human capital shock (o7y,) 0.010 MLE based on the grid for h
Threshold externality (7) 9 years Probit regressions in Section /1]
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TABLE 4: BASELINE MODEL OUTPUT; UNTARGETED MOMENTS

UNTARGETED MOMENTS DATA MODEL  SOURCE
Fraction of wealth owned by entrepreneurs 0.437 0.441 SCF
Ratio of mean assets; entrepreneur to worker 6.876  6.753 SCF
Share of total income received by the top quintile 0.499 0.491 CPS ASEC
Share of total income received by the middle quintile ~ 0.148 0.134 CPS ASEC
Job destruction rate: deaths 0.047 0.041 BDS
Fraction of entrepreneurs with 16+ years of education 0.438  0.438 SCF
Fraction of entrepreneurs with 12— years education 0.329  0.329 SCF

Firm size distribution:

Employment size: 1 — 9 0.769  0.775 BDS
Employment size: 10 — 19 0.115 0.129 BDS
Employment size: 20 — 99 0.096  0.093 BDS
Employment size: 100+ 0.020  0.003 BDS

Entrepreneurship rate by educational attainment:

Years of education: [0 — §] 0.080  0.080 SCF
Years of education: (8 — 12) 0.072  0.072 SCF
Years of education: 12 0.091 0.091 SCF
Years of education: (12 — 16) 0.094  0.099 SCF
Years of education: 16 0.121 0.121 SCF
Years of education: (16, 21] 0.156  0.156 SCF
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APPENDIX A: THEORETICAL RESULTS
Al Proofs and Derivations

Proof of Lemma 2: We start by deriving entrepreneurial factor demands. In the
unconstrained case when the individual’s wealth is @ > k(a, z, he|r,w) /X , the demand

for capital (k,) and labor (I,) comes from a standard profit maximization exercise.

_ 7 (pojl—a)l=v o
{ki, I} = arg max zh (k1) wl— (r+0)k

1>0
The conditional demand for capital and labor come from rearranging the relevant FOCs,

_a(l-v)
k*—Ty* (A1)

(1—-a)(1l—-v)

w

where R := r+J. Substituting A1 and A2 into the production function and manipulating
through yields the optimal level of production,

(a(lR— y))“ ((1 - oziu(l - ,,))1—@

We can easily recover unconstrained factor demands by plugging A3 into A1 and A2,

1—v
v

(A3)

1-(1—a)(1-v) (1—a)(1—v)

k*(he,zm,r):(zﬁ)i(%) ! ((1_azu(1_”))u (A4)

In general, under any degree of financial market imperfections, we can compactly ex-

N

Li(he, z|w,7) = (2h)

press the demand for capital and labor as,

-~

k(he,a, z|w,r) = min{Aa, k. } (A6)

w

- C (1 —a)(l — )\ TaeT aliv
[(he,a, zlw,T) = <(zh) (1 =) V)) k(he,a,z|w,7’)% (A7)

Proof of Lemma 2: Using the results of Lemma 1 it is straightforward to derive

indirect profit functions. Maximized profits for unconstrained entrepreneurs are inde-
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pendent of their wealth and are given by,

1—v

Mhe,zmw):(z%)iu[u—u)( o )a(l‘a)l_a] Y

r+4 w

On the other hand, maximized profits for constrained entrepreneurs depend on their

k(a,2,helraw)
A

wealth level and for a < are given by,

v

7(he,a, 2 | ryw) = (1 — ) [(z%) (Aa)* ™) ( >U] = — (Aa)(r +9) (A9)

w
where v := (1 — a)(1 — v). Setting up the equations 7““(h.,z | r,w) = wh, and
7(he,a,z | r,w) = whe, using A8 and A9, and manipulating through to solve for z,
yields the desired results. u

To reduce burden on the reader I will use shorthand notation based on discretized
probability distributions, with the understanding that the calculations involve proper in-
tegrals over specific domains, e.g., P[h = k] refers to | :12 g(h) dh. Moreover, I keep track
of subsets of the state space at which agents are entrepreneurs like so: Ag := {a; € A :
agent i is an entrepreneur} C A; Zg = {zj € Z : agent j is an entrepreneur} C Z;
He := {hx € H : agent k is an entrepreneur} C K.

Proof of Proposition 1: The object of interest is the fraction of the labor force with
human capital h = 7 € hyin . . - hmas that opts into entrepreneurship. First, we can
break this fraction down to the sum of unconstrained (£*¢) and capital-constrained ()
entrepreneurs, as the two sets are disjoint,

PlENh=k] 7PlI(E“UE)Nh=k Pl(E“Nh=FK Pl(ENh=E|

P[h = k] N P[h = k‘} - ’P[h = k;] - 'p[h _ k‘] (A10)

Using the rules of conditional probability and the conditions for occupational choice,

PlENh =k PlE“h=KPlh=k P[ENh=FkPh=4k

Plh =¥ Plh =¥ * Plh = K]

=Pl(E“|h=k]+Pl(E°|h = K]

=Plz>z"(hg) Na; > a*(z,hi) |h =k] + Pz > 2%(a;, i) Na; < a*(z,hg) | h = k]
=Pz > 2"(hg) |h = k]| Pla; > a*(z, hi) | 2 > 2“(hg), h = j]

+ Pz > z%ai, hi) | h = k] Pla; < a*(z,hi) | 2 > 2%(a;, hg), h = k]

= (1 = Ag)'(1 — G:[2"(he)]) + AW (1 — G.[2°(as, hy)]) (A1)

where the vector of A’s and complementary CDF’s are defined accordingly to express the

previous equality as a non-negative linear combination (0 < A; < 1) of non-negative
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functions (0 < (1 — G,(z;)) < 1) for every pair of (a;, z;). The cutoffs for the tail
distributions are determined by the conditions given in Lemma 2. It is now simple to
derive necessary and sufficient conditions for A11 to be strictly decreasing/increasing in

the domain of human capital.

e (A = 0 or A = o0) This is the case when equation ?? fully characterizes the solu-
tion. The cutoff 2“¢(h) is weakly increasing in human capital for h < A, and for w > v,
it is weakly decreasing for . > h. If the marginal CDF of z is strictly increasing (no
flat intervals), then the object of interest is strictly decreasing for h < h and strictly

increasing for h > h. Therefore, the necessary and sufficient condition is simply w > v.

e (A = 1) This is the case when equation ?? fully applies and is analogous to the
previous one with the exception that the parameter restriction is now given by w >
v+ a — av. The necessary and sufficient condition in this case is simply w > v +a —av.

e (0 < A < 1) The general case is analyzed using the continuity of A11. All func-
tions are decreasing for i < £, so we only need to analyze the region above the threshold.
For a given level of financial frictions A and thus a vector Ay for every h, there exists
some W € [v, v + o — av| such that both components of A11 are strictly increasing in
h for all h > h. Since any non-negative linear combination of non-negative decreasing
(increasing) functions is itself decreasing (increasing), and since both components have
the same minimum in H, it follows that A11 is a U-shaped function attaining its global

minimum at A, if and only if w > @. [ |

Proof of Proposition 2: The simplest way to prove each result is to bound each
function (capital demand, labor demand, profits) from below by another function that
differs only by a positive additive term or a positive multiplicative constant. If this func-
tion is strictly increasing w.r.t. human capital, so is the function of interest. To save
space I will illustrate the proof for the case of profit functions, with the procedure for
every other case being analogous.

Begin by observing that the indirect profit function of an entrepreneur, whether con-
strained or unconstrained, is always increasing and convex in z. We can thus directly
apply Jensen’s inequality, as z; is the only random variable for fixed h. and a;. Using
this fact together with the results of Lemma 2 we get,

E [W“c(z) |z > z*(he), he} > w“C(E (2] 2z > 2%(he), he])

r40 w
e 1o~y o « 1—a l—« 1;V

> (2(h))* hw[(l—v)(rw) ( - ) ]
— how  (Yh, € H) (A12)
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where the strict inequality hold for all non P-null sets. Similarly, for constrained en-
trepreneurs for any given a € A,

E [7°(2) | 2 > 2°(he), he] > 7°(E 2|2 > 2°(he), he] )

—E[z]z > 2°(he) he] T (1— ) [ () (%)] = )+ 9)
> ()™ (=0 [0 ()] = Qe+ )
= hwCy — (Aa)(r +0) (Yh. € H) (A13)

where the term C, > 0 is defined accordingly and again the strict inequality hold for all
non P-null sets. Since both A12 and A13 are strictly increasing in A., so is any positive
linear combination of them. [

Note that throughout the following derivations it is allowed to switch from multiple
to repeated integration by the Fubini-Tonelli theorem: given the o-finiteness of measure
spaces and the measurability of functions, the iterated integrals are well-defined with

respect to the unique product measure and equal to the multiple integrals.

Proof of Lemma 3: Aggregate physical capital (/) and aggregate human capital
(H) can be derived as follows:

K, = /// k(he,a,z) dG(h,a, z)

HxAXZ
1-(1—a)(1-») (1—a)(1-v)
(1— — /(1 -a)(1—- e
[ (A0 ) ey,
:}(SXZ’S
- / / (2he)? dG(h,z) X = g (A14)
g‘ngZg
H, = ///ﬁ(he,a, z) dG(h,a, z)
HxAXZ
al=0)\"7 (L=l =»)\
[ (102 0) T (e
}ngZg
- / / (2he)7 dG(h,z) X “F0 =5 (A15)
j‘ngZ-g

where for notational simplicity I define X = % and ¥ = (1_(12”& Therefore, the

average level of entrepreneurial profit is strictly increasing in their human capital.
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Then, aggregate income (real GDP) can be expressed as:

Y, = /// zh (k(he,a, 2)* E(he,a,z)lfa)l_y dG(h,a, z)

HXAXZ

- / / (h) X5 W da(h, 2)

HxZ
v 1-v
- //(z%)i dG(h, z, ) //(zﬁe)i dG(h, 2, €) e g el
HXZ HxZ
= / / (zh)7 dG(h,z,&) | (KoH!~)'"™"
He Ze
— //ziﬁi g(z,h|&) g(&)dzdh | (KSH*)'™"
He Ze
= (1 - GZ’EG{E (Z, h)) //lez ff;% 9(27 h|8) dz dh (Kin_a)l—V

He Z¢

_ (1_@8%8(2,@) (E[(zﬁ)iye]> (Ko He)™ (A16)

The purpose of Lemma 3 is to establish an important theoretical result in this setting,
and to highlight the necessity of certain boundary conditions so that the result actually
holds. The proof is instructive and straightforward as in Gabaix et al. (2016).

Proof of Lemma 4: The domain of both A and B is the Hilbert space £?({2): the
space of square-integrable continuous functions v equipped with the appropriate inner
product. In our case, the inner product between two real continuous trivariate functions

v(x) and w(x) is defined as (v, w) = [[[ v(x) w(x) d*x. To prove the result we need to
0
show that <v, Bg> = <Av, g>, for all v € £2(92), which implies that B = A*. As before,
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note the key use of the Fubini-Tonelli theorem.
0 - 0 10% 0 102
(v,Bg) = ///U [—%(59) - &(Mz 9) + 5@(03 9) = %(th) + 5@(02 9)1 d’x
Q

://—|:U(§Q>:|Ad2dh+///(Ua§g>da/d2dh

Al

.y (—m%%@ g)} dadh+///vz(uz RS NG 3g>) dz dadh
%(ahg)LdZdaJr///Uh(ﬁhg—%a%( ))dhdZda

A Z H

// 5)g+ vzuz)g+(vhﬂh)gdx
Q

//[——U gvz] dadh+///—a gu,,dzdadh
H A

v

_|_

—l—//{——ahgvh} dzda+///% gvhhdhdzda
A A Z H
1 ~2 1 ~2 3
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I use integration by parts to go from the first to the second equality, and once again to
arrive to the third equality. The condition (A1+ A2+ A3) = 0 is satisfied because of the
boundary condition (22) , which comes from integrating the KFE over (). To obtain the
final result we need /1 = 0 and £2 = 0, which result in the general boundary conditions
v.(h,a,z) = v.(h,a,z) = 0 and v,(h,a,2) = v,(h,a,2z) = 0. When v(.) is the value
function V' (h, a, z), these boundary conditions are automatically satisfied because the
reflecting barriers in [z, Z] and [h, ] imply the SCBCs and NBCs (17) through (19). W
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APPENDIX B: NUMERICAL METHODS

To solve the model numerically I use an implicit upwind finite difference scheme sim-
ilar to Achdou et al. (2021)." In this part of the appendix I summarize the most im-
portant features of the employed numerical methods and refer the reader to the cited
manuscripts throughout the text for even more details.

B1.  Construction of Grids

The value functions are approximated in the joint state space (A x Z x H), dis-
cretized at (I x J x K) grid points. I use a standard uniform grid for the dimen-
sion of entrepreneurial productivity. The process for z; is approximated on the interval
[0.6696, 4.4260] at 40 equidistant grid points, where the reflecting barriers are chosen
such that G, (z) = 0.2000 G,(z) = 0.9991, with G, (.) being the (stationary) lognormal
distribution under the calibrated mean and variance. The process for /; is necessarily ap-
proximated on a non-uniform grid in view of the log piecewise-linear mapping between
education and human capital 31. The “full grid” would consist of 22 points, but in order
to reduce the considerable computational cost of solving the model I choose an 11-point
grid, effectively skipping every other year of education: S =0,2,4,...,20. The lower
and upper bound of the grid are determined by the mapping itself: h = 1 and h = 5.789.

I also work with a non-equispaced grid of 550 points for the dimension of assets
(a;). Tt is quite known in the field of computational physics as well as in quantitative
finance, e.g., (Tavella and Randall (2000), that it is useful to adapt the grid to the nature
of the problem at hand in order to drastically improve the accuracy of finite difference
calculations. Moreover, it is an established result that in model economies similar to ours
the value function displays significant curvature in low-wealth regions, especially near
the borrowing constraint, whereas it becomes approximately linear for larger values of
wealth. To concentrate the mesh in areas where the value function is known to be more
sensitive, I use an affine transformation to construct a grid that is around 20 times more
dense (compared to a uniform grid) in its first third, around 10 times more dense towards
the middle, and progressively more sparse for larger asset holdings. Finally, there are
two actions I take to determine an appropriate upper bound for assets: the resulting grid
covers the full support of the stationary wealth distribution, and the upper bound does
not affect the saving decisions of the highest-type agents with non-zero measure. One

of the lowest upper bounds that satisfies the above is a = 11, 500.

19 As discussed in the text, a good list of references for the numerical methods I employ in this paper
is, and especially the main text and numerical appendix of Achdou et al. (2021), which I follow closely.
My computer program is also based on the very useful set of codes and notes of Benjamin Moll and his
collaborators, which can be found here: https://benjaminmoll.com/codes/.
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B2.  Hamilton—Jjacobi—Bellman Equations

I denote by Az™ (Ax~) the forward (backward) inter-grid distances for each variable
x = h,a, z. To make notation easier to read I use the shorthand V; ;;, := V' (a;, z;, hy).
At each point on the grid the first-order partial derivatives of V; ; ; are computed with
either a forward or a backward finite difference approximation,

oF Y . o Virrik = Vijk oy . o Vidk = Vicvjk
a ik T Aat a Vigk T Aa—
Vijork — Vij Vijk — Vij—
Py, . 1,J+1,k 1,5,k By;  ._ 4,5,k i,j—1,k
aZ ‘/;7]7k T Azt aZ V;JJC T Az— (Bl)
oF v Vidksr = Viji 0By . . Viik = Vija
h Vigk - — Aht h Vigk - — Ah—
and the second-order partial derivatives using a central difference approximation,
DV Vijrie —2Vijn + Vij—1k
Sl &y &
8 V . ‘/;7]7k+1 B 2‘/;7]7k + ‘/;7]7]671
hhVigk 2= —
N (Ah)2

where (Az)? = 1(Az* + Az7) - (Az™ - Az7). Note that in the simplest case of
equispaced grids, (Az)? reduces to simply (Ax)?2.

The backward and forward difference approximations for the agent’s savings - the

optimal control drift — are defined as

stix = Yijk +ra;— (W) (O Vi)

(B3)
sfj,k =Yk tra; — (U,)_l(afvi:j:k)

Analogously to the above, define the (discretized) forward and backward Hamiltonians,

F ._ . (F F F

H o= ule;x) + 04 Vigk Sijix (B4)
B . (B B B

Hi o= ule ) + 05 Vige Sije

Non-convexities may result in value functions that are not strictly concave in the en-
dogenous state variable. In fact, it gives rise to a convex kink, so problems may come up

in the approximation of the optimal drift when we have both sf jr > 0and sfj? e < 0.

To deal with this case, a fast and reliable solution comes from the field of computa-
tional physics: a so-called upwind scheme. In such a scheme, the gist is to use a forward
difference whenever the drift of each state variable is positive, and a backward differ-
ence whenever the drift is negative. As the authors explain, in our case the appropriate

upwind scheme is the following approximation,
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unique both
U;,g = U i,5,F (1{81 4, F>0}]l "+ ]I{Hi,j,F‘ZHi,j,B}]li ' )
unique both
+ Uzg B (]]'{SZJ B<0}]l e+ ]l{Hi,j,FSHi,j,B}]li ' ) (BS)

_'_U 1{81]F<0<51]B}

where the indicator 12" is defined for the “problematic case” in which both s, ; > 0

unaue is defined for the “unproblematic” cases s; j < 0

and s; ; p < 0, and the indicator 1,
and s; ;g > 0,aswellas s; ; r < Oand s; ; g < 0.

Putting it all together, the implicit upwind finite difference approximation reads,

n+1 n
A iyk T 1,5,k

+85szn]-21 ( zjk) _'_ann—H( ljk)_

F +1 B +1 - 1~2 +1 (Bé)
+ ol vt (a Z) + 07V (Aey) 4 502.0:.V

z Vi 9 %

n v 1 v
+ a ‘/;3—21 (luhk> + 811 z]—;ﬂl (ILthc) + Uhkahh z;;fl

Superscripts denote the iteration counter, and the positive and negative part of the drift
is expressed using the notation f(z)™ = max{f(x),0} and f(x)~ = —min{f(x),0},
respectively. Notice both the n superscript on the lhs and the n 4 1 superscripts on the

rhs to see why the scheme is (semi)-implicit®’

keeping in mind that the HJB equation is
solved backwards in time.

The result is an (I x J x K)-dimensional system of equations that can be expressed
in matrix form and solved very efficiently using sparse matrix procedures. The first step
is to substitute for the partial derivative approximations (B1) and (B2) into (B6), collect

the terms with the same subscripts, and rearrange to get,

n+1 _ n
i?.j?k i7j7k TLJr]. n
A +PVik (ciuyk)
n+1 n+1 n z h n+1 n
+V, 1jkazgk+‘/z]k ( ik T X5 +sz) +Vz+1],k%,j,k (B7)

+1 +1
V;Z 1k¢ + Vi e Y5

+1 ik
1 O + Viihn Ur

The auxiliary variables (o, ", ~") are encoding information about agents’ optimal sav-
ings, i.e., the drift of the endogenous state (in the absence of a diffusion term), at each

iteration and each sets of grid points (¢, j, k),

20 In contrast to explicit finite difference schemes being computationally slow because of the Courant-

Friedrichs-Lewy (CFL) condition, the employed implicit scheme achieves fast convergence because it al-
ntl_ymn

i,k i,4,k
A

lows for arbitrarily an large time step. Under value function iteration, the term — 0 as

n+1
‘/;Jk thgkr
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and the auxiliary variables (%, ", ¥*, x"*, 1%, ¢") are encoding information about the
drift and diffusion of the two exogenous states at each grid point,
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Using the above definitions, the discretized system can be represented in matrix form,

1
X (v =) v =t + ATV (B10)
where vt = vec(V"!), v = vec(V"), and u™ = vec(u") are the vectorized ver-
sions of the 3D value function and utility matrices; that is, they are column vectors of
length (I x J x K) x 1. The (very sparse) matrix A" = (A" +7Z+ H) is of size
(I xJxK)x(IxJxK).

It is instructive to make the connection between formal theory and practice even
more explicit. It is understood that the “HJB operator”, A, is the infinitesimal generator
of the joint stochastic process (a, z, h). Such a differential operator can be thought of as
the infinite-dimensional analogue of a continuous time transition matrix. The matrix A"
is exactly the discretized version of the infinitesimal generator A, confined within the
reflecting barriers of the process (a, z, h). As a result the elements of A" check out the
three properties that a proper Markov transition rate matrix (or intensity matrix) needs
to satisfy. In particular, i) 0 < —¢;; < 003 i) 0 < ¢;5, Vi # j; i) Y . qi; = 0, Vi.

Finally, we can re-express the system as a sparse system of linear equations of the
general form Ax = b. The matrix B" is of dimension (/ x J x K) x (I x J x K) and
the vector b™ is of (I x J x K) X 1, so the system can be solved for v"""! in one step,

B"v"t! = b" (B11)
where B" := (% + p) I-A"and b" :=u" + iv”
B3.  Computational Algorithm for the Stationary Equilibrium

I solve for the stationary equilibrium of the model using an extension of the methods

described in Achdou et al. (2021). Among other things, the authors have developed a set
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of algorithms designed to obtain stationary equilibria in Aiyagari-type economies. The

difference is that I have to iterate on two prices — the real interest rate (r) and wage rate

(w), until both markets clear.

1)

2)

3)

Guess the equilibrium interest rate 7/ for [ = 0,1,2,... on a reasonable interval
[T'mins Tmaz) and set an initial guess 7y, < 70 < Tpae- Guess the equilibrium
wage rate w' for [,m = 0,1,2,... on a reasonable interval [w,,i,, Wnaz] and set

an initial guess Wi < Wy < Winag-

Given factor prices 7' and w', solve the HJB equations and the KF equations using

the implicit finite difference upwind scheme explained in the previous sections.

Compute the excess demand for capital/assets, £ D, (r!, w') = K (r!, w')—S(r!, w!),

the excess demand for labor/human capital, £ Dy, (r!, w') = L(r!, w') — H(r!, w'),
and check whether both markets clear. If not, update ' and w' accordingly. Repeat

steps 2 & 3 until all markets clear under the conjectured prices.
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APPENDIX C: DATA DESCRIPTION; STATISTICAL PROCEDURES; ADDITIONAL TABLES

C1. Methodological Considerations for the SCF sample

As expected in such detailed surveys the data will involve some missing responses, ei-
ther because the interviewee(s) did not provide some answers, or for confidentiality/non-
disclosure reasons. The Federal Reserve imputes missing values using a statistical pro-
cedure called multiple imputation.”* This procedure replaces each missing or deficient
value with more acceptable values representing a realistic distribution of possibilities,
with individual imputations generated by drawing repeatedly from an estimate of the
conditional distribution of the data. Imputations are stored as five successive implicates
of each data record. Thus, the total number of observations in each SCF wave is five times
the actual number of responses. However, it is critical not to treat all five implicates as
independent observations when conducting statistical analysis.

The SCF is based on a complicated structure and research design, which if ignored,
it is guaranteed to yield errors when computing parameters and standard errors, and
will seriously affect any hypothesis tests. The theory on proper inference in a multiple
imputation setting is well-understood; it was developed by Donald B. Rubin in the 1970’s
and exemplified in his famous book Rubin (1987) (see also the survey of Little (1992), as
well as Van Buuren (2018) for a good example of more recent work in the field). Below
I summarize some of these issues and I explain how the current study addresses them.

1) When calculating sample statistics, estimating regressions, or carrying out any
form of data analysis throughout the paper, the appropriate SCF survey weights are
used for all observations. In other words, all reported statistics correspond to weighted
sample estimates. This is essential in order to obtain accurate estimates while working
with a truly nationally-representative sample. When I consider a number of robustness
checks I also obtain unweighted estimates for many of the main results.

2) The SCF contains five implicates of every observation; each implicate may or many
not have different values for any variable. Should a researcher decides to use all five im-
plicates (which they should), this needs to be incorporated into calculations. To obtain
valid point estimates one must compute the average point estimate across the five impli-
cates. For instance, the correct sample mean/median/variance of a variable should equal
the average of the means/medians/variances of the five implicates, or the correct B coef-
ficient vector of an OLS regression should be computed as the average of the estimated
3 vectors after running the model five times using each of the implicates.

For the multivariate case, let Q be a k x 1 vector of (properly weighted) estimates
of the parameter vector Q that would have been obtained if no data were missing. Each

2I'The SCF research staff has developed the FRITZ (Federal Reserve Imputation Technique Zeta) model
of multiple imputation, which incorporates insights from the Gibbs sampling algorithm together with sta-
tistical techniques developed in the image processing literature. See Kennickell (2017) for further details.
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imputed data set m = 1,..., M admits an estimate of Q denoted Qm along with a
standard error v/ W,,,. The RII estimate of Q based on M imputed datasets is given by,

1 &
Q=17 > Q.
m=1
3) In addition, when using all M complete-data versions of the potentially incomplete
dataset and combine them into one pooled result, the uncertainty due to the missing data
has to be taken into account. That is, we need to account for both within-imputation and
between-imputation variability. Within variability is the sampling variance within each

implicate; between variability is the variance contributed across implicates.

Specifically, within variability is given by the mean of the squared standard errors

within the imputed data sets

M

_ 1 —
sz_lmzzjlwm

Between variability is given by the sample variance of the five parameters computed

within each implicate

B= 1> (0.-9) (.- 0)

Finally, the estimate of the total covariance matrix of the parameter vector is given by
v=w+(1+)B
B M

4) Standard error calculations for the SCF call for special techniques. A very impor-
tant consideration is how to compute correct standard errors in the presence of multiple
imputation. If we naively treat each of the five implicates as an independent observation,
the resulting standard errors will be substantially smaller and the corresponding hypoth-
esis tests will overstate the statistical significance of the estimates. To give a rough idea
about the empirical results of this paper, the calculated bootstrapped standard errors
were typically larger by a factor of about /5 compared to traditional heteroskedasticity-

robust standard errors.

5) The derivation of the degrees of freedom used in hypothesis testing and in gener-
ating confidence intervals is not straightforward. It is very likely that the SCF procedure
under which the complete datasets are generated will affect the underlying degrees of
freedom, thus ignoring it will result in artificially lower p-values and in more narrow
confidence intervals. To deal with this issue, I follow Barnard and Rubin (1999) who

propose a degrees-of-freedom correction to generate estimates that account for multi-
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ple imputation. It is worth noting that their proposed correction is conservative with
respect to the standard method; it will always result in higher p-values and increase the
width of confidence intervals.

Finally, all datasets come with a total of 999 replicates for each variable to simulate
the complex sampling scheme of the SCF. The vector of replicate variables contains the
number of times an observation was drawn for each replicate, and the bootstrap serves
as a useful analog to the replicate process. For the first replicate, keep only the first
implicate, and create a dataset with as many copies of each observation as are contained
in the replicate variable. Then compute and store the desired parameter, using the newly
expanded dataset. Repeat with another replicate variable.

C2.  More Details on Identifying Entrepreneurs and Workers in the SCF

An essential difference between my analysis and Cagetti and De Nardi (2006) or
De Nardi, Doctor and Krane (2007) is that they consider entrepreneurs in juxtaposi-
tion to the U.S. population, but instead I focus on households participating in the labor
force. The need to appropriately compare economic outcomes between SEBO and non-
SEBO requires excluding minors and people who are economically inactive, e.g., fully
disabled persons, fully retired persons, volunteers, etc. I therefore designate a house-
hold to be part of the labor force if either the R or S/P satisfies the following require-
ments: (i) reports being economically active in some way, excluding volunteering; (ii)
provides positive annual labor supply (number of weeks worked times hours worked
per week); and (iii) declares non-zero pretax income. The subsequent analysis considers
only households participating in the labor force, i.e., the sum of SEBO and non-SEBO.

Finally, I use the following procedure to decide whether the respondent or the spouse/
partner should be considered the primary entrepreneur or worker. 1) Assign SEBO status
to either R or S/P according to which person has declared to engage in some form of self-
employment. 2) Assign SEBO status to the S/P if the R is marked as a non-participant in
the operation of the business and at the same time the S/P participates in the operation
of the business. Moreover, to wipe out the possibility of the R working at the business
as a hobby, I assign SEBO status to the S/P is the R has documented no weeks of active
work on their primary job in a normal year, whereas the S/P has a non-zero labor supply
on their primary job as self-employed. 3) If both persons are indeed self-employed in
some way, then the S/P is assigned as SEBO if the person fulfills all of the above criteria
and has more experience in the current business than R. Otherwise, R is given the as-
signment since it is more plausible for the more financially knowledgeable person with
more experience to be a SEBO. Once this procedure is completed, the demographic and

personal characteristics to be analyzed are assigned to be those of R or S/P.
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TaBLE C1: Weighted Probit Regressions; Probability of Being an Active Entrepreneur

Dependent variable: SEBO = 1

COVARIATES (1) (2) (3) (4) (5) (6) (7)
Education 0.0477  0.028" 0.0177  —0.080 —-0.036  —0.037  —0.039"
(0.0034) (0.0035) (0.0036) (0.0122) (0.0128) (0.0128) (0.0146)
Education® (x 100) 0.347" 0.246" 0.248™ 0.1917
(0.0419) (0.0436) (0.0435) (0.0501)
Potential experience 0.020" 0.033"
(0.0008) (0.0026)
Potential experience?® ( x100) —0.0224"
(0.0044)
Self-Employed experience 0.073"
(0.0016)
Worker experience —0.002"
(0.0009)
ADDITIONAL CONTROLS (1) (2) 3) (4) (5) 6) (7)
Annual labor supply (log) 0.018 0.018 0.086" 0.076" 0.125"
(0.0151) (0.0151) (0.0170) (0.0171) (0.0198)
Ever received inheritance (0/1) 0.245™ 0.244™ 0.156 0.156 " 0.125"
(0.0199) (0.0199) (0.0200) (0.0202) (0.0230)
Expects to receive inheritance (0/1) —0.010 —0.009 0.080™ 0.078™ 0.073"
(0.0231) (0.0229) (0.0238) (0.0240) (0.0239)
Risk willingness (1—4) 0.133" 0.136" 0.168™ 0.166"" 0.174"
(0.0094) (0.0095) (0.0096) (0.0097) (0.0101)
Health (1—4) 0.130" 0.119™ 0.116™ 0.153" 0.155" 0.132"
(0.0177) (0.0178) (0.0178) (0.0185) (0.0185) (0.0196)
Married (0/1) 0.499™ 0.491™" 0.490™" 0.474" 0.457" 0.5117"
(0.0231) (0.0236) (0.0237) (0.0239) (0.0243) (0.0258)
Male (0/1) 0.106™ 0.088™ 0.078™" 0.083" 0.093"  —0.100"
(0.0220) (0.0219) (0.0220) (0.0228) (0.0232) (0.0247)
Black (0/1) —0.4337  —0.3937 —0.3917 —0.346" —0.3537 —0.302"
(0.0323) (0.0329) (0.0329) (0.0336) (0.0337) (0.0368)
Hispanic (0/1) —0.4177  —0.366  —0.4147  —0.2917  —0.3027 —0.254"
(0.0368) (0.0358) (0.0367) (0.0384) (0.0384) (0.0429)
Other non-white (0/1) —0.083"  —0.047 —0.056" 0.011 0.010 0.010
(0.0310) (0.0314) (0.0313) (0.0312) (0.0314) (0.0324)
Sector Effects Yes Yes Yes Yes Yes Yes Yes
Occupation Effects Yes Yes Yes Yes Yes Yes Yes
Sector x Occupation Effects Yes Yes Yes Yes Yes Yes Yes
Year Effects Yes Yes Yes Yes Yes Yes Yes
McFadden’s adjusted R? 0.117 0.152 0.161 0.163 0.186 0.187 0.331
Observations 40,413 40,413 40,413 40,413 40,413 40,413 40,413

Notes: All regressions are weighted by the appropriate SCF sampling weights. Estimated parameters are based
on repeated imputation inference using all 5 SCF implicates. Bootstrapped standard errors (in parentheses) are
calculated using all 999 SCF replicate draws and weights, and account for both imputation and sampling vari-
ability. All specifications include additional controls for retirement; disability; employment variety; whether S/P is
unemployed; and a constant term, not reported here due to space limitations. *** p <0.01; ** p <0.05; * p <0.1.
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TaBLE C2: Weighted Least Squares Regressions; SEBO Hourly Business Income

Dependent Variable: log hourly business income (> 0)

COVARIATES (1) 2) 3) 4) (5) 6) 7)
Education 0.079"7  0.076"  0.075°  —0.047  —0.040  —0.033  —0.047
(0.0078) (0.0078) (0.0080) (0.0332) (0.0357) (0.0319) (0.0315)
Education? (x 100) 04177 0.3937 03467  0.368"
(0.1126) (0.120) (0.1081) (0.1076)
Worker experience 0.0077  0.008"  0.0097  0.009” 0.006 0.003 0.002
(0.0024) (0.0024) (0.0023) (0.0023) (0.0083) (0.0075) (0.0075)
Worker experience?(x 100) 0.007 0.014 0.016
(0.0222) (0.020) (0.020)
Self-empl. experience 0.0187  0.0077  0.0197  0.018"  0.046" 0.039™ 0.028™
(0.0019) (0.0019) (0.0019) (0.0019) (0.0057) (0.0055) (0.0055)
Self-empl. experience?(x100) —0.0707  —0.058" —0.043"
(0.0141) (0.0138) (0.0139)
Business employment size (log) 0.283" 0.176 "
(0.0185) (0.0209)
Net business value (log) 0.167"
(0.0123)
ADDITIONAL CONTROLS (1) (2) 3) (4) (5) (6) (7)
Ever received inheritance (0/1) —0.081°  —0.080° —0.089" —0.072"  —0.045
(0.0435) (0.0434) (0.0438) (0.0432) (0.0413)
Expects to receive inheritance (0/1) —0.035 —0.032 —0.041 —0.008 0.014
(0.0464) (0.0470) (0.0471) (0.0501) (0.0483)
Inherited any business (0/1) 0.221" 0.235" 0.229" 0.181" 0.051
(0.0983) (0.0989) (0.0961) (0.0868) (0.0874)
Risk willingness (1—4) 0.0737  0.0797  0.0807  0.062" 0.027
(0.0247) (0.0247) (0.0246) (0.0237) (0.0232)
Health (1—4) 0.1407 01377 01357 01227 0.107" 0.097"
(0.0376) (0.0377) (0.0375) (0.0381) (0.0386) (0.03888)
Male (0/1) 0.106" 0.104~ 0.089" 0.088 0.014 —0.065
(0.0457) (0.0458) (0.0458) (0.0465) (0.0467) (0.0473)
Black (0/1) —0.2407  —0.2507 —0.2447 —0.2397 —0.276"  —0.216"
(0.0886) (0.0885) (0.0885) (0.0887) (0.0898) (0.090)
Hispanic (0/1) —-0.003  —0.007  —0.044  —0.055  —0.114  —0.122
(0.0796) (0.0795) (0.0814) (0.0809) (0.0757) (0.0786)
Other non-white (0/1) 0.078 0.070 0.057 0.047 0.047 0.046
(0.0685) (0.0687) (0.0686) (0.0683) (0.0651) (0.0650)
Sector Effects Yes Yes Yes Yes Yes Yes Yes
Occupation Effects Yes Yes Yes Yes Yes Yes Yes
Sector x Occupation Effects Yes Yes Yes Yes Yes Yes Yes
Legal Entity Effects Yes Yes Yes Yes Yes Yes Yes
Year Effects Yes Yes Yes Yes Yes Yes Yes
Observations 7,810 7,810 7,810 7,810 7,810 7,810 7,810
Adjusted R? 0.149 0.154 0.157 0.159 0.165 0.215 0.249
RMSE 1.272 1.268 1.266 1.264 1.260 1.22 1.195

Notes: All regressions are weighted by the appropriate SCF sampling weights. Estimated parameters are based
on repeated imputation inference using all 5 SCF implicates. Bootstrapped standard errors (in parentheses) are
calculated using all 999 SCF replicate draws and weights, and account for both imputation and sampling variabil-
ity. All specifications include additional controls for firm ownership shares; number of firms owned and managed,
marital status; retirement; disability; employment variety; whether S/P is unemployed; and a constant term, not
reported here due to space limitations. *** p <0.01; ** p <0.05; * p <0.1.



TABLE C1-DESCRIPTION OF VARIABLES USED IN THE STUDY

Variable Measure of SCF Code and Description
Age Individual’s Age X14 (for R) and X19 (for S/P) in the Full Public Dataset.
Education Years of Formal Education X5901, X5905, X5931 (for R) and X6101, X6105, X6111 (for S/P) in the Full

Public Dataset. Indicators for grades completed and highest degree earned are
appropriately combined and converted into years of education, ranging from
0 to 21.

Potential Experience

Years of Potential Experience

Age - Education - 6, both defined as above.

Self-Employed Experience

Years of Experience Working Self-
Employed

X4115, X4515, X4518, X4519, X4535, X4538, X4539 (for R) and X4715, X5115,
X5115, X5118, X5119, X5135, X5138, X5139 (for S/P) in the Full Public Dataset.
Variables are appropriately combined to calculate the years of past self-
employed experience for non-SEBO and current self-employed experience for
SEBO.

Worker Experience Years of Experience Working as an | Potential Experience - Self-employed Experience, both defined as above.
Employee (not Self-Employed)
Labor Income Annual Labor Income X5702 in the Full Public Dataset. Q: “In total, what was your annual income

from wages and salaries, before deductions for taxes and anything else?”

Business Income

Annual Entrepreneurial Profit

X5704 + X5714 in the Full Public Dataset.Q: “In total, what was your net an-
nual income from a sole proprietorship or a farm, before deductions for taxes
and anything else?”. Q: “In total, what was your annual income from other
businesses or investments, net rent, trusts, or royalties, before deductions for

taxes and anything else?”

Earned Income

Annual Earned Income

Labor Income + Business Income, both defined as above.

Active Business Value

Hired Capital by Entrepreneur

ACTBUS in the Summary Public Dataset. Net equity if (share of) businesses
were sold today, plus loans from the household to business, minus loans from

business to HH, plus value of personal assets used as collateral for business

loans.

Number of Employees Hired Labor by Entrepreneur X3111 + X3211 in the Full Public Dataset. All paid workers in the businesses,
both full-time and part-time, including the entrepreneur, members of his/her
family, and anyone who is working without pay.

Net Worth Total Wealth NETWORTH in the Summary Public Dataset. The sum of total reported financial

and non-financial wealth, minus total reported debt.

Net Worth excl. Business

Entrepreneurial Wealth Net of

Business Interests

NETWORTH minus ACTBUS in the Summary Public Dataset. Net Worth minus

the corresponding Active Business Value, both defined as above.

Business Share

Share of Firm owned by the house-
hold

X3128 and X3228 in the Full Public Dataset. Q: “What percentage of the busi-

ness do you own?”

Labor Supply

Total hours of work in a typical
year (hours per week X weeks per

year)

X4110, X4111 (for R) and X4710, X4711 (for S/p) in the Full Public Dataset.
Q: “How many hours do you work on your main job in a normal week?” Q:
“Counting paid vacations as weeks of work, how many weeks do you work on

your main job in a normal year?”

Employment Variety

Number of Different Past Employ-
ers

X4513 (for R) and X5113 (for S/p) in the Full Public Dataset. Q: “Including any
self-employment and your current job, for how many different employers have

you worked in full-time jobs lasting one year or more?”
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Inherited Business (0/1)

Whether the entrepreneur has in-
herited any of his/her businesses or

not

X3108=3 or X3108=4 or X3208=3 or X3208=4. Q: “How did you first acquire
this business; was it bought or invested in, started by you, inherited, given to

you, or some other way?”

Past Inheritance (0/1)

Whether the household has re-
ceived any substantial inheritance

in the past

X5801 in the Full Public Dataset. Q: “Have you ever received an inheritance, or
been given substantial assets in a trust or in some other form? Please do not

include inheritances from a deceased spouse.”

Future Inheritance (0/1)

Whether the household expects to
receive any substantial inheritance

in the future

X5819 in the Full Public Dataset. Q: “Do you expect to receive a substantial

inheritance or transfer of assets in the future?”

Turned Down (0/1)

R or S/P has been turned down for

credit

X407=1 in the Full Public Dataset. Q: “In the past twelve months, has a par-
ticular lender or creditor turned down any request you made for credit, or not

given you as much credit as you applied for?”

Not As Much (0/1) RorS/Phasnotbeen givenasmuch | X407=3 in the Full Public Dataset. Q: “In the past twelve months, has a par-
credit ticular lender or creditor turned down any request you made for credit, or not
given you as much credit as you applied for?”
Fear Denial (0/1) R or S/P feared of being turned | X409 in the Full Public Dataset. Q: “Was there any time in the past twelve
down for credit months that you thought of applying for credit at a particular place, but
changed your mind because you thought you might be turned down?”
Constrained (0/1) R or S/P was likely financially con- | Turned Down = 1 or Not as Much = 1, both defined as above.

strained

Risk Willingness (1-4)

Willingness to take Financial Risk

X3014 (jointly for R and S/P) in the Full Public Dataset, recoded in inverse
order. Q: “4) Take substantial financial risks expecting to earn substantial re-
turns, 3) Take above average financial risks expecting to earn above average
return, 2) Take average financial risks expecting to earn average returns, 1)

Not willing to take any financial risks”

Health (1-4)

X6030 (for R) and X6124 (for S/P) in the Full Public Dataset, recoded in inverse
order. Q: “Would you say your health in general is 4) excellent, 3) good, 2) fair,

or 1) poor?”
Military (0/1) Military Service Experience X5906 (for R) and X6106 (for S/P) in the Full Public Dataset. Q: “(Have you/Has
he or she) ever been in the military service?””
Retired (0/1) Whether the individual has retired | X4100=13 or X4100=50 if year < 1992 and X6670=7 or X6671=7 ...or X6677=7
from a previous job if year>1992 (for R); X4700=13 or X4700=50 if year < 1992 and X6678=7 or
X6679=7 ...or X6685=7 if year >1992 (for S/P) in the Full Public Dataset. Indi-
vidual has reported being retired from a previous job.
Disabled (0/1) Whether the individual has retired | X4100=12 or X4100=52 if SCF year < 1992 and X6670=6 or X6671=6 ...or
from a previous job X6677=6 if SCF year > 1992 (for R); X4700=12 or X4700=52 if SCF year <
1992 and X6678=6 or X6678 =6 ...or X6685=6 if SCF year > 1992 (for S/P) in
the Full Public Dataset. Individual has reported to have some disability.
Male (0/1) Sex X8021 (for R) and X103 (for S/P) in the Full Public Dataset. Individual has
reported to be male or female.
Married (0/1) Individual is either married or liv-  X8023 (for R) and X105 (for S/P) in the Full Public Dataset. Q: “Are you cur-

ing with a partner

rently married or living with a partner, separated, divorced, widowed, or never

been married?”

Unemployed Partner (0/1)

Individual is married/living with a

partner who does not work
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Married=1 and Labor Supply (of the other) = 0, both defined as above. Q: “Are
you currently married or living with a partner, separated, divorced, widowed,

or never been married?”




Race (1-4) Individual’s race RACECL4 in the Summary Public Dataset. 1) White or Caucasian (includes
Middle-Easter and Arab), 2) Black or African-American, 3) Hispanic or Latino,
4) Any other race.

No. of People Number of People in the PEU X101 in the Full Public Dataset.
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