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Entrepreneurial Capital, Inequality, and Asset Prices

Argyris Tsiaras”

February 11, 2019

Abstract

This paper investigates the contribution of entrepreneurship to increasing
U.S. wealth inequality. Using data from the Survey of Consumer Finances (SCF),
I document that, since 2000, the increase in the wealth shares of the top 0.1% and
1% groups of households is almost exclusively driven by entrepreneurs, identi-
fied empirically as private business owner-managers. Additional evidence from
the SCF points to an increase in the average returns to entrepreneurial ventures
as a likely driver of these patterns. I develop analytical characterizations of sum-
mary measures of inequality in the context of a model of wealth accumulation
featuring heterogeneity in investment returns and in labor earnings across house-
holds in order to examine the restrictions that the wealth distribution imposes on
the underlying return heterogeneity. To match the relative position of entrepre-
neurs across the wealth distribution and the level of top concentration in the
SCF data, as well as changing inequality from the 1990s to the 2010s, the model
requires high persistence of entrepreneurial status across households and a sub-
stantial increase in the average excess return to entrepreneurial investments. The
associated slow transition dynamics of the wealth distribution in the model im-
ply that, if not reversed, recent structural shifts may lead to widening inequality
for many years to come.

*Harvard University. Email: atsiaras@fas.harvard.edu. I am grateful to John Campbell, Xavier Gabaix, Sam
Hanson, David Laibson, and Adi Sunderam for their advice and guidance. I also thank Lisa Abraham, Chris
Anderson, Chris Clayton, Robert Barro, Josh Coval, Robin Greenwood, Gita Gopinath, Greg Mankiw, Jeff Miron,
Michael Reher, Jeremy Stein, Ludwig Straub, Chenzi Xu, Gabriel Zucman, and participants in the Harvard fi-
nance and macro lunches for useful comments and discussions.
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1 Introduction

In recent years, the United States and many other countries around the world have experi-
enced a sustained rise in wealth inequality, particularly benefiting those at the very top of
the distribution. As I show in this paper, the notable rise in top wealth concentration in the
U.S. has been accompanied by an increase in the share of aggregate wealth held by entrepre-
neurs, both in the aggregate and at the top of the wealth distribution, especially since 2000.
I investigate the drivers and implications of these shifts in the cross-sectional structure of
inequality using a model of wealth accumulation featuring heterogeneity in investment re-
turns and in labor earnings across households. A calibration of the model to U.S. data shows
that a substantial increase in the returns to entrepreneurship is necessary to explain the
growth in wealth inequality at the top and in the relative wealth of entrepreneurs in recent
years, and it implies that wealth inequality is likely to continue to grow for decades if the
returns to entrepreneurship remain high.

Using the US Survey of Consumer Finances (SCF) from 1989 to 2016, I document that
the increase in top wealth concentration since 2000 appears to be driven almost exclusively
by entrepreneurial households, defined empirically as private business owners who actively
manage their businesses. In particular, entrepreneurs within the top 0.1% group by net
worth account for the entire 4 percentage-point increase in the aggregate net worth share of
the top 0.1% group from the 2001 survey wave to the 2016 wave. Similarly, entrepreneurs
within the top 1% group by net worth account for 85% of the 6 percentage-point increase in
the top 1% net worth share during the same period. The aggregate share of net worth held
by entrepreneurs also experienced an economically and statistically significant increase from
41% in the 1990s to 45% in the 2010s even though entrepreneurs have remained stable as a
fraction of the population, at around 12% according to my empirical definition.!

The reasons behind the growing importance of entrepreneurs in the wealth distribution
are unclear. Although changes in the return characteristics of entrepreneurial ventures are
a natural candidate and the focus of this paper, these characteristics are hard to estimate
precisely due to the lack of high-quality, representative micro-level data on private business
returns. Moreover, superior average returns to entrepreneurial ventures relative to other fi-
nancial assets are not the only reason for the prevalence of entrepreneurs at the top of the
wealth distribution. Private business owner-managers tend to receive labor earnings (wage
income declared in tax returns) almost twice as high on average as the average household,

so one would expect them to be wealthier on average even without any heterogeneity in the

I These patterns are consistent with the findings of Guvenen and Kaplan (2017) and Smith et al. (2017), who
find using administrative tax and social security data that the increase since 2000 in top U.S. income inequality
is almost entirely explained by an increase in pass-through business income. In the SCF, the increase since
2000 in the aggregate income shares of the top 0.1% and 1% groups by income is also driven almost entirely by
entrepreneurial households.
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returns to invested wealth across households. Entrepreneurs may also be more risk tolerant
than non-entrepreneurs on average, holding a greater fraction of their net worth in risky
assets, equities in particular (whether public or private), both across the entire population
and within top groups. For example, in 2016, entrepreneurs in the top 1% group by net
worth held 62% of their (gross) assets in equities relative to 47% for non-entrepreneurs in
the top 1% group, although the entire difference is accounted for by inside private equity,
that is, equity in private businesses actively managed by an entrepreneurial household. Ac-
cording to standard financial theory, entrepreneurs should be compensated for their greater
risk-taking via a higher average return on their wealth portfolio, even if average returns to
privately-held equity are no different from those to financial assets with similar aggregate
risk exposure.?

Although all of these factors contribute to the prevalence of entrepreneurs at the top
of the wealth distribution, my analysis, centered on a calibrated partial-equilibrium model
of wealth accumulation, points to an increase in the average return to actively-managed
privately-held equity as the most likely driver of the recent increase in the relative wealth of
entrepreneurs and in top wealth inequality.

My model features two household types: non-entrepreneurs, who receive labor earn-
ings and income from liquid financial investments, and entrepreneurs, who additionally
have access to an investment technology that is subject to undiversifiable idiosyncratic risk.
A key theoretical contribution of the paper is an analytical characterization of the long-
run level of inequality, including inequality between entrepreneurs and non-entrepreneurs
across the wealth distribution, and the speed at which inequality evolves following a transi-
tory or permanent structural shift. These analytical results highlight the distinct impact of
cross-sectional heterogeneity in labor earnings and heterogeneity in the returns on wealth.
In the model, the impact of the latter is driven by two key features of entrepreneurship
dynamics at the household level, the inside equity premium, that is, the average excess re-
turn to entrepreneurial investments per unit of idiosyncratic entrepreneurial risk exposure
(Sharpe ratio), and the cross-sectional persistence of entrepreneurial status. The model also
highlights the contribution of idiosyncratic entrepreneurial risk to wealth inequality both as
a source of cross-sectional dispersion in realized returns on wealth and also through house-
holds’ choice of the scale of their entrepreneurial investments.

The model can reproduce the structure of top wealth inequality and its recent secular

2 Another theoretical possibility is that other sources of expected-return-on-wealth heterogeneity unrelated
to entrepreneurial ventures, such as the level of sophistication and diversification of the financial portfolios
of households, are cross-sectionally correlated with entrepreneurial status and contribute to the prevalence of
entrepreneurs in top wealth groups. It is, however, unlikely that this source of return heterogeneity has be-
come more important in recent years, as the diversification advantage of larger portfolios has probably declined
recently, with more investors using mutual funds and indexed exchange-traded funds to diversify even small
portfolios at low cost.
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shifts quantitatively as well as qualitatively. I use information from the cross-sectional struc-
ture of wealth inequality and its secular shifts from the 1990s to the 2010s in the SCF data
to estimate the model by the simulated method of moments and infer the structural increase
in the inside equity premium that can account for the increase in the relative wealth of en-
trepreneurs and in top wealth concentration. The calibration also takes into account the
concurrent increase in within-labor-earnings heterogeneity during this period. In the base-
line calibration, an increase in the inside equity premium (Sharpe ratio) from 0.22 to 0.27,
corresponding to a sizeable increase in the expected return-on-wealth differential between
entrepreneurs and non-entrepreneurs from 1.7% to 2.5%, is needed to match the increase
in the (top-weighted) net worth share of entrepreneurs from the 1990s to the 2010s. The
calibration accounts for the majority of the increase in the top 1% and top 0.1% net worth
shares during this period.

The increase in the return differential is essential for matching the increase in top wealth
concentration. In the SCF data, the share of aggregate labor earnings held by the group of
entrepreneurs as a whole has declined slightly from the 1990s to the 2010s. This is the case
both for the classification of total household income into wage income and capital income in
surveyed households’ tax returns, and also for an alternative factor decomposition of income
after a regression-based imputation for the labor earnings of entrepreneurs that do not re-
port regular wages in their tax returns. The model calibration takes into account this decline
in entrepreneurs’ aggregate share of labor earnings and, as a result, by itself the calibrated
increase in within-labor-earnings inequality during this period can account for only a small
fraction of the increase in top wealth inequality and cannot explain the rise in the relative
wealth of entrepreneurs.

The sizeable inferred increase in the return differential between entrepreneurs and non-
entrepreneurs is a robust feature of empirically plausible calibrations of the model. The
model requires high cross-sectional persistence of entrepreneurial status in order to jointly
match the long-run levels of both top wealth concentration (the aggregate net worth shares of
top groups of households by net worth) and the (top-weighted) net worth share of entrepre-
neurs in the data.? In turn, the degree of entrepreneurial persistence is the key determinant
of the speed of transition of the wealth distribution following structural shifts, with high
persistence implying slow transitions. In the baseline calibration, the (asymptotic) transi-
tion half-life for the aggregate wealth share of entrepreneurs is 46 years. Given these slow
transition dynamics, the model must assume a sizeable increase in the inside equity pre-
mium in order to match the sizeable recent shifts in the structure of top inequality that have

occurred during a period of only 20 years.

3High entrepreneurial persistence, that is, the fact that entrepreneurship tends to be a life-long profession
for part of the population despite high business failure rates, has also been documented empirically in the U.S.
(Quadrini, 2000).
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In support of this key implication of the model calibration, I provide micro-level evi-
dence for an increase in the average returns to private businesses, conditional on their sur-
vival in private form, relative to returns on other (passive) financial investments. Using
SCF data on the initial investment and the current estimated market value of private busi-
nesses reported by surveyed households, I construct a measure of the long-term return to a
household’s primary actively-managed private business in excess of a liquid index (the S&P
500) over the life of the business. Although this cross-section cannot capture the impact of
business failure, the most important source of risk for a private business, the analysis re-
veals a large increase in the conditional cross-sectional average excess return to private busi-
nesses since 2000, while the conditional cross-sectional volatility of returns has remained
unchanged. These results are qualitatively consistent with those of Kartashova (2014), who
uses SCF and aggregate accounting data to construct estimates of the aggregate returns to
U.S. private equity following the methodology of Moskowitz and Vissing-Jergensen (2002),
and finds a significant increase in the aggregate premium of private equity over public eq-
uity since 2000.4

The model abstracts from changes in sources of return heterogeneity other than entre-
preneurship, such as changes in the risk characteristics of the (passively-managed) financial
portfolios of entrepreneurs and non-entrepreneurs, which could also have contributed to an
increase in the average return differential between the two groups of households. However,
measures of the differential wealth exposure to risky assets between entrepreneurs and non-
entrepreneurs in the SCF offer no evidence of an increase in the average risk taking of en-
trepreneurs relative to non-entrepreneurs. In fact, the changes from the 1990s to the 2010s
in the average equity portfolio share differentials are slightly negative and not statistically
significant, including within top net worth groups.

The slow transition dynamics of the wealth distribution in any realistic calibration of
the model, driven by the high inferred cross-sectional persistence of entrepreneurial status,
also imply that recent structural shifts may have a protracted impact on inequality in the
future. For example, if the shifts in the inside equity premium and in within-labor-earnings
heterogeneity are permanent and holding all else constant in a model simulation under the
baseline calibration, the top 1% net worth share will increase by another 2.9% over the next
20 years from the 2010s to the 2030s, almost as much as its 3.9% increase from the 1990s
to the 2010s. Even if the structural shifts are fully reversed going forward, the economy
will only slowly revert to its lower 1990s levels of inequality (the original steady state of the

model), over several decades of transition.

4The conclusions are also consistent with those of Smith et al. (2017), who use U.S. administrative tax data
linking pass-through firms to their owners. They find that more than 80% of the increase from 2001 to 2014 in
the income of S-corporations owned by individuals in the top 1% group by income is due to rising profitability
per unit of scale (worker) rather than rising scale, a finding strongly suggestive of an increase in the returns to
these firms.
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Related Literature This paper contributes to the literature in macroeconomics and finance
on the drivers of wealth and income inequality related to cross-sectional heterogeneity in
rates of return to wealth, and in particular the part of this literature that emphasizes entre-
preneurship as a key source of this heterogeneity.

The empirical literature on inequality has documented that a rise in within-labor-earnings
inequality accounts for most of the increase in inequality in the US since the 1980s until
about the 2000s (Piketty and Saez, 2003). Using SCF data, this paper documents the im-
portant contribution of entrepreneurship to the increase in top wealth inequality, especially
since the 2000s. Guvenen and Kaplan (2017) and Smith et al. (2017) reach a similar conclu-
sion for income inequality using tax data.’

A number of papers develop models of entrepreneurship highlighting the ability of
idiosyncratic entrepreneurial risk to generate a Pareto tail in wealth and income and to
match the large observed levels of wealth concentration at the top of the wealth distribu-
tion. Quadrini (2000) and Cagetti and De Nardi (2006) emphasize the impact of financial
frictions (borrowing constraints) faced by entrepreneurs, inducing an endogenous selection
of entrepreneurs among wealthy people in the first place. Pastor and Veronesi (2016) focus
on the impact of redistributive taxation on self-selection into entrepreneurship. Jones and
Kim (2017) emphasize heterogeneity within the group of entrepreneurs and highlight cre-
ative destruction as a stabilizing force limiting the income growth of high-growth entrepre-
neurs. Aoki and Nirei (2017) develop a neoclassical growth model with entrepreneurs that
can generate both Zipf’s law of the firm size distribution as well as a Pareto tail in incomes.
Relative to these models, the key contribution of my theoretical framework, which abstracts
from the issues of entrepreneurial self-selection and within-entrepreneur heterogeneity in
expected returns, is to offer a theoretical and quantitative analysis of the relationship be-
tween key properties of the dynamics of entrepreneurship, in particular the expected excess
returns to entrepreneurial ventures and entrepreneurial persistence, and observable features
of the cross-sectional wealth distribution, especially the prevalence of entrepreneurs across
the distribution.®

The theoretical results of this paper and the insights on the important role of entrepre-
neurial persistence for the evolution of inequality are closely related to the contribution of
Gabaix et al. (2016), who introduce mathematical tools from ergodic theory and the theory of
partial differential equations to characterize the transitional dynamics of the cross-sectional

income distribution in response to structural shifts in continuous-time settings. Luttmer

5See footnotes 1 and 4.

6The baseline version of my model employs a reduced-form representation of entrepreneurial investment
that is symmetric to investment in a liquid financial asset. In a general-equilibrium, endogenous-production
extension of my model presented in Appendix E, I show that even in a setting where entrepreneurial investments
are realistically modelled as illiquid, nontradable assets, the equilibrium implications of entrepreneurial risk
and return for portfolio choice and inequality are qualitatively very similar.
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(2007) also emphasizes the slow speed of transition for aggregates in an economy with a
power law firm size distribution.

The empirical studies of Quadrini (2000) and Gentry and Hubbard (2004) on the dy-
namics of entrepreneurship find much larger saving rates for entrepreneurs relative to work-
ers, while Quadrini (2000) also documents a high level of entrepreneurial persistence, with
past private business owners reentering into entrepreneurial ventures at much higher rates
than households without entrepreneurial experience. The quantitative analysis of my model
replicates these two important empirical facts on the dynamics of entrepreneurship.

In an important recent empirical contribution, Fagereng et al. (2018) use panel tax data
from Norway, which administers a wealth tax and thus collects information on households’
asset holdings, to establish the presence of a large degree of persistence in the heterogeneity
of returns on wealth across households.” Moreover, they show that entrepreneurs play an
important role in the estimated degree of persistent heterogeneity in returns and for the
correlation of returns with wealth, consistent with my model’s inference of a high degree
of cross-sectional persistence in the return differentials between entrepreneurial and non-
entrepreneurial households.

A large theoretical literature studies mechanisms that can generate the empirically ob-
served Pareto tail in the wealth distribution.® The theoretical and quantitative analyses of
Benhabib, Bisin, and Zhu (2011, 2015, 2016), Benhabib, Bisin, and Luo (2015), and Cao and
Luo (2017) highlight that it is capital income risk and heterogeneity in returns on wealth
that drive the thickness in the right tail of the wealth distribution, rather than heterogeneity
in labor income, consistent with the results of my quantitative analysis in Section 4.

Although the quantitative analysis of my model focuses on entrepreneurship as the source
of cross-sectional return heterogeneity, the key insights of the analysis regarding the pro-
tracted impact of shifts in the return differentials across different groups of the population
also apply to other sources of return heterogeneity, as long as they are cross-sectionally per-
sistent. The literature has highlighted a number of other empirically relevant drivers of
return heterogeneity, including heterogeneous financial exposures to aggregate risk (Bach,
Calvet, and Sodini, 2017), differing levels of investor sophistication and skill (Kacperczyk,
Nosal, and Stevens, 2018), under-diversification (Campbell, Ramadorai, and Ranish, 2018),

7In particular, an individual permanent component accounts for 60% of the explained variation in the returns
on wealth in their sample, and this permanent component also accounts for the bulk of the cross-sectional
correlation between returns and the level of wealth. The authors also find that return heterogeneity is mildly
persistent across generations.

8See, e.g., Stiglitz (1969), Moll (2012), Toda (2014), Piketty and Zucman (2015), and Achdou et al. (2015)
among many others, and the excellent literature surveys by Gabaix (2009) and Benhabib and Bisin (2016).

°In a similar spirit, the literature survey by Benhabib and Bisin (2016) notes that quantitative models of
inequality focusing exclusively on labor income inequality, such as Castaneda, Diaz-Giménez, and Rios-Rull
(2003) and Kindermann and Krueger (2014) need to assume a counterfactually large degree of within-labor-
earnings inequality.
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and limited stock market participation (Guvenen, 2009; Favilukis, 2013).

A distinct literature has focused on the challenging empirical task of estimating the aver-
age returns to entrepreneurship (Moskowitz and Vissing-Jergensen, 2002; Hamilton, 2000;
Hall and Woodward, 2010; Kartashova, 2014). In an important contribution, Moskowitz
and Vissing-Jergensen (2002), henceforth MV2002, estimate the time series for the aggre-
gate private equity premium, that is, the aggregate returns to private equity in excess of
publicly traded equity, using mainly SCF data and also aggregate US accounting data. I fol-
low several aspects of their methodology in my empirical analysis of the SCF data, especially
on the construction of household-level long-term private business returns. MV2002 ques-
tion the existence of a positive private equity premium but Kartashova (2014) repeats the
procedure of MV2002 to estimate the aggregate private equity premium in an updated SCF
sample and finds a substantial improvement in the aggregate performance of private equity
in the 2000s and a positive historical average premium, consistent with both the empirical

findings and the theoretical predictions of this paper.!?

Paper Outline The paper is structured as follows. Section 2 presents empirical findings
regarding the role of entrepreneurs in the recent increase in top U.S. wealth inequality. Sec-
tion 3 develops a model of entrepreneurship and inequality and offers analytical character-
izations of the level and transitional dynamics of top wealth inequality. Section 4 presents
the quantitative calibration of the model to U.S. data and additional evidence from the SCF
consistent with the conclusions of the model calibration. Section 5 concludes.

2 Entrepreneurship and Wealth Inequality in the United States:

An Empirical Investigation

Section 2.1 discusses the empirical definition of entrepreneurship used in this paper and
documents the prevalence of entrepreneurs at the top of the wealth distribution. Section 2.2
investigates the growing importance of entrepreneurs in recent years by studying the evolu-
tion of shares of U.S. aggregates held by entrepreneurs as a group. Section 2.3 documents the

key role of entrepreneurial households in the recent increase in top U.S. wealth inequality.

2.1 The Prevalence of Entrepreneurs at the Top

This subsection introduces and addresses concerns regarding my empirical definition of en-

trepreneurs, and documents their prevalence at the top of the wealth distribution.

10Using their tax data from Norway (2004 to 2015), Fagereng et al. (2018), discussed above, estimate a large
average premium of private businesses over directly held listed stocks of around 6%.
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The empirical analysis of entrepreneurship in the present paper centers on micro-level
data from the Survey of Consumer Finances (SCF), conducted by the Federal Reserve Board
triennially since 1989. The survey interviews a random sample of families (households) in
the US on various aspects of their finances, including assets, sources of income, economic ex-
pectations, and other demographic characteristics. In its tenth and most recent survey wave
in 2016, 6,248 households were interviewed. The SCF does a much better job of capturing
characteristics at the top of the wealth and income distributions relative to other US surveys
because it employs a sophisticated sample selection design involving a subsample of very
wealthy individuals (see Appendix A.4.1 for more details).

Moreover, the SCF possesses two critical advantages relative to US tax return data with
regard to the study of entrepreneurship and inequality. First, it offers detailed household-
level estimates on economic stocks (assets and loans, including estimates of the value of
entrepreneurial investments) rather than just flows. In particular, the level of detail in the
survey allows for the construction of fairly comprehensive measures for the net worth, that
is, non-labor wealth (simply referred to as “wealth” in the present section), as well as the
total income of each household.!!'!? Second, it contains information on key characteristics
of households’ entrepreneurial investments, including their ownership share in a business
and whether the household actively manages that business. Because the survey is conducted
independently of the US tax authority, the latter features also set this data source apart
from tax data in countries that collect information on households’ wealth for tax collection
purposes.!?

I define entrepreneurs empirically as households that partly or wholly own and actively

manage a private business.!* According to this definition, entrepreneurial households con-

111 the discussion of the theoretical framework in Section 3, I distinguish between a household’s total wealth,
which includes the household’s capitalized labor income stream, and net worth, which refers to the non-labor
components of total wealth. However, I use “wealth” and “net worth” interchangeably in the discussion of the
empirical results in this section.

12Throughout the analysis, I use the SCF Bulletin measures of household net worth and total income. Ap-
pendix A.4.2 offers some details on these measures.

13 A number of recent papers, notably Fagereng et al. (2018) and Bach, Calvet, and Sodini (2017), use datasets
derived from the tax records of Scandinavian countries, which (unlike the United States) administer a personal
wealth tax in addition to a personal income tax and thus collect information on households’ (net) assets as well
as flows. Although these datasets possess distinct advantages relative to SCF data (for example, the dataset
of Fagereng et al. (2018) derived from Norwegian tax data has a strong panel dimension), the value of private
businesses reported by households to their tax authority is very close to the book value of these firms, consistent
with tax-minimization motives. The book value is typically weakly related to their market value. In contrast,
the group administering the SCF goes at great lengths to assure the individuals surveyed that the data collected
in the survey will in no way be given to the IRS for tax verification purposes (tax audits). As a result, there is no
reason to believe that SCF households systematically underreport their perceived private business valuations.

H4More specifically, a household is classified as an entrepreneurial household if at least one adult in the house-
hold (a member of the household’s “primary economic unit”) reports owning (wholly or in part) as well as
actively managing at least one private business. I exclude from the group of entrepreneurs a small number of
households that satisfy these criteria yet report zero business earnings (for the year prior to the survey year) and
zero business net worth (for the survey year).
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Figure 1: Entrepreneurs and Top Wealth Inequality

Notes: This figure plots the shares of entrepreneurs in top quantile groups of the net worth distribution for
households in the Survey of Consumer Finances (SCF). Estimates are averaged over the three latest survey waves
(2010, 2013, and 2016). The colored bands represent 95% confidence intervals for the estimates (see Appendix
A.4.3 on statistical inference in the SCF).

stitute about 12% of the total population of US households in the 2016 survey. Yet, as a group
they are far more important in economic terms, holding 45% of aggregate US net worth and
28% of personal income.

The prevalence of entrepreneurs at the top of the wealth distribution is striking. Figure
1 plots the population and net worth shares of entrepreneurs within top quantile groups of
the net worth distribution. Averaging estimates over the three most recent survey waves (the
“2010s”), entrepreneurs comprise less than 12% of the total population but their share in top
quantile groups in terms of net worth increases sharply as we move towards the top of the
distribution in the top panel of Figure 1.1> In particular, entrepreneurial households account
for 68% of the wealthiest 1% of households (the “top 1%”), 77% of the wealthiest 0.1%, and

I5Throughout this paper SCF population weights are used to construct representative group-level and
economy-wide totals.
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85% of the wealthiest 0.01%.'6-17 A similar pattern holds for the net-worth-weighted share
of entrepreneurs in top groups, that is the fraction of the total net worth of the top group that
is held by the members of that group classified as entrepreneurs. It is, therefore, evident that
any empirical or theoretical analysis of wealth inequality at the top should first and foremost
address the role of entrepreneurship.

At the same time, there is large wealth heterogeneity within the group of private busi-
ness owner-managers. Figure A.1 plots the fraction of entrepreneurs who are in each net
worth decile for the latest (2016) survey wave, where the deciles refer to the distribution of
net worth across all households, including non-entrepreneurs. Entrepreneurs can be found
in all parts of the wealth distribution. In particular, a majority of them are part of the
“middle class”, defined by Piketty (2014) to comprise households in the 50th through 90th
percentiles.

As the model of Section 3 makes clear, two key features of entrepreneurship are the fo-
cus of this paper: first, an entrepreneur’s payoff is explicitly tied to firm-level performance
and is therefore exposed to business risk; second, an entrepreneur makes firm investment
decisions, implicitly choosing his or her exposure to firm-level risk. Relative to this theo-
retical definition of an entrepreneur, the empirical definition used in this paper, common in
studies of entrepreneurship and inequality (e.g. Cagetti and De Nardi (2006)), has certain
limitations. One set of concerns relates to the fact that households owning a private busi-
ness may not be managers of businesses in a conventional sense, even if they explicitly report
actively managing one or more businesses (as they do in the SCF). First, a non-manager “su-
perstar”, such as an athlete or singer, may register a private business under his or her name
as a way to receive the stream of rents to his or her scarce skill and talent (e.g. album profits
or payments for sponsorship deals). These profit streams, the argument goes, should not
be interpreted as the payoffs to scalable capital investments but as disguised labor earnings.
Second, a wealthy household may set up a private business as a “side hobby”, that is, its
private business may not be an important source of its income and wealth. Third, a wealthy
household may set up a private company simply to manage its financial portfolio.

Even though these are valid concerns, they are unlikely to apply to a large fraction of
private business owners-managers at the top of the wealth distribution. Although the public
version of the SCF does not offer information on occupations, a comparison with the study of

Bakija, Cole, and Heim (2012) based on confidential IRS tax data suggests that most wealthy

16The uncertainty of the estimates, captured by the width of the 95% confidence intervals in the figure (these
intervals are constructed using bootstrap standard errors; see Appendix A.4.3 for details on inference in the
SCF), increases as we move further along the top of the distribution towards smaller and smaller groups of
households. For example, the top 0.01% of the wealthiest families includes only 12,600 families in 2016. Still,
the prevalence of entrepreneurs in the top groups is hard to dispute even under the most conservative estimates

17The SCF by design excludes the members of the Forbes 400 list of wealthiest individuals, almost all of whom
would be classified as entrepreneurs under the empirical definition of this paper.
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private business owner-managers identify as such when asked about their primary occu-
pation. In particular, Bakija et al. (2012) show that individuals identifying themselves in
tax returns as executives, managers, supervisors, and finance professionals (“managers”, for
short) account for 60% of the top 0.1% group by income in 2005 and for 70% of the increase
in the top 0.1% income share from 1979 to 2005.!8 A comparison of the relative population
and income-weighted fractions of this group of managers within top income groups in 2004
with the ones for private business owner-managers in the 2004 SCF survey is telling. For the
top 0.1% income group, this fraction is 59.6% by population (65.7% by income) for man-
agers (see tables 3 and 7 in Bakija et al. (2012)) and 65.5% by population (66.5% by income)
for private business owner-managers in the SCE. The discrepancy is similarly small for the
top 1% income group.'?

A second response to these concerns is that privately-held equity constitutes a large share
of total household assets for the majority of private business owner-managers in top wealth
groups, as can be seen in Figure A.2. This implies a large wealth exposure to firm-level risk
for these households, given that a household’s holdings of inside private equity are typically
concentrated in a very small number of businesses. Relatedly, even if the source of suc-
cess and superior investment returns for a private business is the artistic, medical, or legal
skill of its owners rather than “conventional” managerial talent, the owners still make firm
investment decisions and a large part of their wealth is exposed to the risk that business
operations and investments entail. For the same reason, to the extent that a wealth man-
agement company (“home office”) set up by a very wealth individual takes on idiosyncratic
portfolio investment risk, it can be interpreted as an entrepreneurial venture.

A distinct potential limitation of the empirical definition is that it excludes the employed
top managers of public firms, as I am unable to identify households by occupation in the
public version of the SCE. Although executive pay for large public firms is subject to a dis-
tinct set of issues, managers of public firms can be interpreted to satisfy the two key features
of entrepreneurship discussed above: their payoffs are exposed to idiosyncratic, firm-level
risk through their performance-based compensation schemes; and they implicitly decide
over the exposure of their wealth to this firm-level risk by choosing their firms’ corporate
investment policies, which in turn shape the risk of their performance-based pay.?’ How-
ever, Kaplan and Rauh (2010) show that top executives of public firms are few in number,
comprising a small fraction of conventional top income groups, around 3% of the top 0.1%

income group and less than 7% of even the top 0.001% income group in 2004.

18“Arts, media, and sports” comprise only 3% of the top 0.1% income group in 2005.

19For the top 1% income group, the fraction of managers is 44.0% by population (52.8% by income) (see tables
2 and 6 in Bakija et al. (2012)), while the fraction of private business owner-managers in the SCF is 54.2% by
population (58.1% by income).

20Consistent with this interpretation, Panousi and Papanikolaou (2012) find that the sensitivity to idiosyn-
cratic risk of the investment of publicly traded firms increases when managers own a larger fraction of the firm.
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2.2 Entrepreneurs and U.S. Aggregates

This subsection documents a rise since the 1990s in the aggregate shares of net worth and
total household income held by entrepreneurs, which has not been accompanied by an in-
crease in entrepreneurs’ aggregate share of labor earnings.

During the 27-year period spanned by SCF survey waves (1989-2016) there has been a
sizable and statistically significant increase in the economic importance of entrepreneurs,
measured by their shares of key US aggregates. Table 1 reports the shares of US aggregates
held by entrepreneurial households in the SCF over the last three decades. The second,
third, and fourth columns report average estimates and corresponding standard errors from
survey waves occurring within each of the last three decades: the 1990s (waves 1989, 1992,
1995, and 1998), the 2000s (waves 2001, 2004, and 2007), and the 2010s (waves 2010, 2013,
and 2016), respectively. The last column reports the absolute change in the estimate from the
1990s average to the 2010s average. The aggregate shares of entrepreneurs for net worth and
income have both experienced a relative increase of about 10% from the 1990s to the 2000s
that is statistically significant at the 1% significance level. In particular, entrepreneurs’ share
of aggregate net worth has increased by almost 4 percentage points, from 41.4% in the 1990s
to 45.2% in the 2010s, and their share of aggregate income has increased by about 3 percent-
age points, from 24.6% to 27.4%. A similar increase has occurred for aggregate non-business
net worth, that is, all components of net worth other than inside (actively managed) private
equity (by construction, entrepreneurs own 100% of inside private business equity in all
years).

In contrast, entrepreneurs’ aggregate share of labor earnings has not increased over the
same period. The fifth row of Table 1 reports the aggregate share of labor earnings for the
group of entrepreneurs, where the measure of labor earnings for each household is its re-
ported wage income (inclusive of bonuses), extracted through survey questions that closely
follow key lines of US personal tax returns. The average labor earnings across entrepreneur-
ial households are approximately twice as high as average earnings across all households,
but the aggregate share of entrepreneurs appears to have fallen slightly from the 1990s to
the 2000s.

A limitation of this measure of labor earnings is that a substantial fraction of entrepre-
neurs, especially sole proprietors, report no wage income; this was especially true in earlier
survey waves. To address this shortcoming, I impute an estimate for the labor income of
these entrepreneurs, following a regression-based imputation method by Moskowitz and
Vissing-Jorgensen (2002) that uses information in the SCF on the hourly wages of employed
individuals and on the hours worked in a year of both employed and self-employed indi-
viduals. Appendix A.4.4 describes the method in detail. This adjustment to the “raw” fac-

tor decomposition of personal income based on tax returns is intended to capture a notion
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Aggregate Decade Averages (%) Change (%)
90s 00s 10s 90s — 10s

Population 11.66 11.98 11.43 -0.22
(0.21) (0.23) (0.15) (0.26)
Net Worth 41.40 42.99 45.21 3.81*

(0.63) (0.88) (0.69) (0.94)
b Non-Bus  30.04 31.42 33.67 3.63*
(0.60) (0.87) (0.61) (0.85)

Income 24.58 26.93 27.43 2.85%
(0.64) (0.70) (0.69) (0.95)
s Labor 19.19 19.92 17.85 -1.35
(0.51) (0.55) (0.49) (0.70)
L Labor (adj) 24.30 24.79 22.45 -1.85*

(0.45) (0.68) (0.52) (0.68)

Table 1: Entrepreneurs’ Share of US Aggregates Over Time

Notes: This table reports shares of US aggregates held by entrepreneurial households over time in the SCF.
Entrepreneurs’ share of aggregate labor income is reported both before and after an adjustment for the unpaid
labor of self-employed entrepreneurs, discussed in the text and detailed in Appendix A.4.4. Standard errors,
accounting for both sampling variability and imputation uncertainty in the SCF, are reported in parentheses
(see Appendix A.4.3). A star next to an estimate in the last column indicates rejection of the null hypothesis of
no change at the 1% significance level.

of labor income as compensation for hours worked that is not directly dependent on firm
performance, in juxtaposition with capital income in both active (actively-managed) and
passive forms, which is directly scaled by the level of investment in a (literal or notional)
asset. This conceptual distinction between labor income and active capital income may not
be relevant for normative analysis,?! but I show in Section 3 that it may be important for our
understanding of the implications of different types of structural shifts for overall wealth
inequality. Conceptually similar adjustments of labor share measures for the labor income
of entrepreneurs and self-employed individuals are common in the literature and have been
shown to yield more consistent estimates of the labor share across time and countries (Gollin,
2002).

Entrepreneurs’ aggregate share of labor earnings also declines from the 1990s to the
2010s under the adjusted factor decomposition of personal income, and the decline in this
share by 1.85 percentage points is now statistically significant. Moreover, the labor share

of aggregate income also declined over the same period according to the SCF, from 81% on

21For example, Smith et al. (2017) argue that because the superior returns to private business owner-managers
are the result of their skill, the increase in top inequality in the 21st century is still driven by the “working
rich” as it was during the 20th century, in contrast to the “passive rentier” view of the wealthy in recent years
advocated by Piketty (2014).
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average in the 1990s to 73% in the 2000s to 70% in the 2010s.>2>> These trends suggest
that within-labor-earnings heterogeneity is not a likely reason for the increase in the relative
wealth of the group of entrepreneurs.

The slight decline in the relative labor earnings of entrepreneurs and the large decline
in the labor income share may partly reflect a tax-motivated reclassification of managerial
compensation from wage income to capital income in pass-through entities, S-corporations
in particular, which have grown in number in recent years. This effect is not fully accounted
for through the adjusted factor decomposition discussed above. However, the magnitude of
this effect is likely to be limited.?* In any case, a mere reclassification of managerial income

cannot by itself explain the increase in entrepreneurs’ aggregate share of total income.

2.3 Entrepreneurs and Top Wealth Inequality

In this subsection, I decompose the increase in the top 0.1% and 1% net worth shares by
entrepreneurial status and find that it is driven almost exclusively by entrepreneurial house-
holds since 2000. I also show that most of the overall increase in top wealth inequality since
the 1990s took place from the 2000s to the 2010s. In Section 4.1, I confirm these trends
through two new summary measures of top inequality that play an important role in the
theoretical analysis of this paper.

Concentration of wealth at the top has increased substantially over the past three decades.
Figure A.3 plots the aggregate net worth share of top 1% group of households by net worth
from the first SCF survey wave in 1989 to the latest wave in 2016. Over this 27-year pe-
riod, the share of aggregate net worth held by the top 1% group has risen by 8.6 percentage
points, from 30.0% in 1989 to 38.6% in 2016. Similarly, the top 0.1% net worth share has
risen by 3.7 percentage points, from 11.1% in 1989 to 14.8% in 2016.?> Although there is
some disagreement on the exact magnitude of the wealth inequality increase, owing to dif-
ferent methods employed in the literature for estimating the wealth distribution in the U.S.,
the results from the SCF are on the lower end of the different estimates (Saez and Zucman,
2016; Kopczuk, 2015, 2016) and yet point to a substantial increase. This can be seen in Fig-
ure A.3, which also plots an estimate of the time series for the top 1% net worth share by

22These estimates are for the adjusted measure of labor income, that is, after the adjustment for unpaid en-
trepreneurial labor income. The labor share under the tax-returns-based factor decomposition of income also
declines by about 10 percentage points, from 76% in the 90s to 68% in the 2000s to 66% in the 2010s.

23This declining estimate for the labor share is largely consistent with other better-known estimates of labor
share dynamics from national tax and income accounting data. For example, Karabarbounis and Neiman (2014)
document a 5-percentage-point decline in the labor share of the corporate sector globally using an international
data set compiled from country tax and income accounting data.

24 According to a back-of-the-envelope calculation by Smith et al. (2017), after accounting for this effect, the
true decline in the U.S. corporate sector’s labor share from 1980 to 2012 is 6.3% rather than 7.5%, which is still
a substantial decline.

25The increase in these measures is slightly greater once one takes into account the increase in the wealth of
the richest 400 individuals in the Forbes 400 list, which are by design excluded from the SCFE.
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Figure 2: Decomposition of Top 0.1% Net Worth Share by Entrepreneurial Status over Time
Notes: This figure plots the share of aggregate net worth held by the entrepreneurs (E) and non-entrepreneurs
(NE) that are part of the top 0.1% group by net worth. The colored bands represent 95% confidence intervals for
the SCF estimates based on bootstrap standard errors. Gray shaded areas denote NBER-designated recessions.

Saez and Zucman (2016), who use an income capitalization method based on tax data.

The increase in top wealth concentration has not taken place uniformly over this 27-year
period. Instead, it has mostly taken place since 2000s. The top 1% net worth share increased
by 3% on average from the 2000s to the 2010s but it increased only by 0.8% from the 1990s
to the 2000s (first column of Table A.1). The top 0.1% share in fact slightly declined on
average from the 1990s to the 2000s (Table A.2)).

Which types of households have contributed most to the increase in top wealth concen-
tration? First, consider a group decomposition of the top 1% share as T = TF + TNE, where
TE (TNE) is the aggregate value share of the entrepreneurs (non-entrepreneurs) that belong
to the top 1% group. Appendix Section A.2 discusses this decomposition for the top 1%
value share for several variables at a point in time (in the 2010s), showing that entrepre-
neurs within the top 1% groups hold a larger fraction of aggregate net worth and capital
income relative to non-entrepreneurs, while non-entrepreneurs hold a larger fraction of la-
bor income.

Figure 2 plots the net worth shares of the two groups of households within the top 0.1%
group over time, showing that the notable increase in top wealth concentration since 2000 is
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entirely driven by entrepreneurs. In fact, the aggregate net worth share of non-entrepreneurs
within the top 0.1% group does not increase at all over the period from 2001 to 2016; the
point estimate declines from 3.7% in the 2001 survey wave to 3.5% in the 2016 wave. The
picture is similar for the evolution of the top 1% net worth share decomposition, plotted in
Figure A.4 and also summarized in terms of decade averages in the left panel of Table A.1.
Entrepreneurs within the top 1% group account for about 85% of the cumulative increase
in the top 1% share since 2000. Although these point estimates are accompanied by large
standard errors, since they correspond to a very small fraction of the population, they do
suggest that a shift occurred in the early 2000s, following a period in the 1990s where the gap
between the wealth of entrepreneurs and non-entrepreneurs in the top groups was declining.

Appendix Section A.3 presents a decomposition of the increase in top income inequal-
ity (the income share of the top 1% income group) since the 1990s both by group and by
income factor (labor and capital). This decomposition shows that the increase in the labor
income of the top 1% income group mainly occurred during the 1990s and almost exclu-
sively through non-entrepreneurs. In contrast, the increase in capital income is exclusively
due to entrepreneurs and has mostly taken place since 2000.

An analysis of US tax data also suggests that an important shift in the composition of
top income inequality and its increase occurred around the early 2000s, as emphasized by
Guvenen and Kaplan (2017). Figure A.5 plots the components of the income of the top 0.1%
and the top 1% groups by income over time, using the classification of pre-tax income into
wage income (wages, salaries, and bonuses, including exercised employee stock options),
financial income (interest income, dividends, and rents) and business income (referred to as
“entrepreneurial income” in Piketty and Saez (2003)), the latter category defined to include
the profits of partnerships, sole proprietorships, and type-S (pass-through) corporations,
and royalties. Although part of the increase in the business income of top groups since the
1980s is due to the U.S. tax reform of 1986, which created incentives for firms to register as
pass-through entities, the figure shows that the growth in the wage income for the top groups
has stopped or, for the top 0.1% group, reversed since 2000, while business income has
experienced a sustained increase until the end of the data series in 2015, with a significant
uptick in the early 2000s.2°

3 A Model of Entrepreneurship and Inequality

This section introduces a parsimonious partial-equilibrium model of wealth accumulation
in order to examine the drivers and implications of the recent observed shifts in the cross-

sectional structure of inequality. Section 3.1 introduces the model setting and discusses key

26Income classified as financial income also experienced a similar uptick in the 2000s, but that was reversed
in large part during the Great Recession of 2007-2009.
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features of agents’ optimal policies. Section 3.2 introduces two analytically tractable sum-
mary measures of top wealth concentration and of the prevalence of entrepreneurs at the
top of the wealth distribution. Section 3.3 offers analytical characterizations of the level and
transitional dynamics of these inequality measures and other key aspects of the equilibrium
cross-sectional wealth distribution in the model. Section 3.4 discusses a general-equilibrium,
endogenous-production extension of the model, presented in detail in Appendix E. Ap-
pendix B.2 contains additional details on the model and generalizations of the propositions
of this section. The quantitative calibration and analysis of the model is presented in Section
4.

3.1 Setting and Optimal Policies

Overlapping generations There is a unit mass of households. All households die randomly
at an exponential rate w and a mass wdt of offspring households, one for each deceased

household, is born every instant.

Preferences Households have identical scale-independent, recursive-utility preferences over
their consumption stream as well as the wealth bequeathed to their offspring, formally de-
scribed in Appendix C. This is a new specification of preferences that extends the continuous-
time version of Epstein-Zin utility, the Kreps-Porteus case of the stochastic differential util-
ity class of Duffie and Epstein (1992), to allow for utility from bequests. Appendix C is
dedicated to their derivation and characterization. As with the standard Epstein-Zin speci-
fication, household preferences are characterized by the pure rate of time preference p, the
elasticity of intertemporal substitution (EIS) of consumption ¢, and the coefficient of rela-
tive risk aversion y. The new specification features two additional parameters: parameter
Vp that controls the strength of the bequest motive (the marginal value from bequeathed
wealth), and parameter 1 that can be interpreted as the elasticity of intergenerational sub-

stitution (EGS) of consumption.

Financial markets All households can frictionlessly invest in an instantaneously riskfree
asset at rate ry, and a risky financial asset with excess return over the riskfree rate dRp, =
nigdt + dB;, where B, is a Brownian motion representing aggregate risk. This risky asset is
only exposed to aggregate risk, and its Sharpe ratio g corresponds the price of aggregate
risk, that is, the risk premium (expected excess return) per unit of exposure to the aggregate
source of risk B;.

Households can also invest in an annuity asset. A household with wealth W;; pledges a

fraction Op; of its wealth at its random time of death to the annuity fund in exchange for a
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flow of income equal to w@p, W;,;dt while alive.?” A negative position 8p < 0 in this market
can be interpreted as holding a life insurance policy. Bequeathed wealth at the time of death
equals Wp;; = (1 —1p)(1 — Ops) Wj;, where 1p is the estate (bequest) tax rate.

All household income (including labor) is taxed at a proportional tax rate 7.

Entrepreneurial investment At any given point in time, an exogenous mass m* of house-
holds are entrepreneurs (Es) and a mass 1-mF are non-entrepreneurs (NEs). Entrepreneurial
households have access to inside (entrepreneurial) equity, an asset with excess return over
the riskfree asset dR%,. = mydt+dZ;;, where household-specific Brownian motion Z;; is a
source of purely idiosyncratic risk that cancels out on average across entrepreneurs. 7y is
the price of risk (Sharpe ratio) of inside equity or risk premium per unit of idiosyncratic
risk exposure, a key model parameter that is taken as exogenous in the partial-equilibrium

setting of the present section.

Type switching NE households become Es at an exponential rate vV£ and E households
become NEs at a rate vE. The offspring of deceased households retain the entrepreneurial
type of their parents. The inflow-outflow balance condition for the mass of the two types,

ensuring that the mass of each type remains constant over time, is
(1 - mE)yWNE = mEyE, (1)

Labor earnings and newborn wealth At the time of birth, household i is endowed with a
flow of L;; = L;exp(l;) units of permanent labor earnings, interpreted to include any govern-
ment transfer income, which they receive continuously until their death. Newborn house-
hold i’s draw of log relative earnings, I; = log(L;;/L;), is from a (scaled) distribution f,
for s € {E,NE}, which may depend on entrepreneurial status at the time of birth.?8 Let
af = LE/L, denote the ratio of average earnings across newborn E households over average
earnings across all households.?’ Average earnings L, evolve at a rate g;; and have propor-
tional exposure oy, to aggregate risk B;. I consider equilibria featuring balanced growth in
the long-run, so that, in the model’s steady state, g; coincides with the growth rate of ag-
gregate income and wealth g, and o} coincides with the proportional exposure of aggregate

wealth to aggregate risk, o.3°

27This expression assumes that the annuity market is perfectly competitive, as in Blanchard (1985).

28Distributions flE and leE sum to mF and 1-mF, respectively, so that flE +leE = f1, the (proper) distribution
of log labor earnings across all newborn households.

29T assume that average earnings across newborn households equal average earnings across the population.

30The endogenous-production model extension discussed in Section 3.4 and Appendix E offers a microfoun-
dation of this balanced-growth assumption.
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Labor earning streams of living households are assumed to be fully pledgeable, so that, at
the time of their birth, newborn households pledge their future earning streams in exchange
for a capitalized stock of “labor wealth” Wr;;. In steady state, Wy;; = (1 — 7)L;exp(l;)/(rf +
ngop — (gL — w)). Hence, the initial wealth of a newborn household is the sum of the wealth

inherited from his parent household and his own stock of labor wealth:
Wirtlewborn = WDjt + Wi, (2)

where j refers to the parent of household i.

The assumption of fully pledgeable labor income streams is made for the sake of tractabil-
ity, as it drastically simplifies the characterization of optimal policies under scale-independent
preferences, while still retaining the additive nature of labor earnings in the wealth accumu-
lation process across generations. Note that, under the perfect pledgeability assumption,
any transitory labor earnings risk over the life of a household would be diversified away. A
number of empirical studies have noted the importance of inequality in the permanent com-
ponent of labor earnings for overall inequality in labor incomes relative to heterogeneity

driven by transitory earnings shocks.3!

The evolution of household wealth The wealth of surviving households evolves as

dW;;
w;

= pwirdt + (1 -1)0p;1dB; + (1 = 71)07;;d Z;y, (3)
where 7 is the income tax rate and

pwir = (1 =T)rwis — iy (4)

is the expected growth rate of wealth. Here, c;; = C;;/W;; is the consumption-wealth ratio of
the household, and
"wit = 1f + wOpir + TpOpit + 17074 (5)

is the expected (pre-tax) rate of return on the wealth of household i, and 05p;;, and 67;; denote
the optimally chosen proportional exposures of household wealth to the (pre-tax) returns of
the risky financial asset and inside entrepreneurial equity, respectively, with 6,;; = 0 if the

household is a non-entrepreneur.

31Guvenen et al. (2017) offer direct empirical evidence on the importance of lifetime labor earnings inequality
in the US, and Kopczuk, Saez, and Song (2010) show that almost all of the increase in the variance in annual
(log) earnings in the US since 1970 is due to an increase in the variance of permanent earnings (as opposed to
transitory earnings).
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Net worth and labor wealth Total household wealth W;; is the theoretically appropriate
concept of household wealth, capturing all resources over which a household has a claim
that can be used to finance present and future consumption, but it is not directly observable.
The empirical measure of household net worth (net assets) is best interpreted in this model
as the non-labor component of total household wealth, or total wealth less the measure Wy,

of the capitalized future labor income stream of the household:
Nit = Wiz = Wijp = Wiy = Wirexp(ly), (6)

where W;, denotes aggregate labor wealth.3?

In steady state,

W, = (1-1)L;
L= rf+ 1o —(g—w)’

(7)

and the share of aggregate labor income in total expected income, a proxy for the aggregate

labor income share, is

L rFt+mpo—(§—w)
ly=—L_ = ,
Y rw Wi e (1-1)ry (8)
where W
_ Wi
wp = A 9)

is the ratio of aggregate labor wealth to total wealth.

Household portfolio choice and saving The model features tractable household-level poli-
cies, given in appendix Proposition B.1, which only depend on the household’s type (E or NE)
after scaling by the household’s total wealth. In particular, households choose consumption-
wealth ratios c(s) = C;;/W;;, bequeathed-to-surviving wealth ratios wp(s) = Wp;;/ Wi = (1 -
p)(1 — Op(s)), and proportional wealth exposures 05 and 95 to the risky asset returns that
are independent of the level of wealth and are only a function of household type s € {E, NE}.
Under unit elasticity of intertemporal substitution of consumption, i = 1, all households
choose the same consumption-wealth ratio; similarly, under unit elasticity of intergenera-
tional substitution of consumption, all households choose the same bequeathed-to-surviving
wealth ratio.

Because all households have identical preferences, and in particular the same risk aver-

sion coefficient y, they always choose the same proportional exposure to aggregate risk

32In a version of the model with finite lifetimes, the capitalized stock of future labor income approaches zero
as the household nears the end of its (working) life. In the present setting, the capitalized value of future labor
earnings only depends on a household’s initial permanent earnings draw and not on the household’s age, an
implication of the perpetual-youth structure of the setting. An age-dependent profile of labor earnings could
easily be added to the present model to generate more realistic age-labor income dynamics with minimal impact
on the key model predictions.
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Op = mp/((1 — 7)y) regardless of type, as shown in Proposition B.1. The inclusion of the
risky asset in the model simply serves to disentangle the average return to wealth from the
riskfree rate in the quantitative calibration of the model.

Entrepreneurs choose to invest a fraction

nz

o = —~£ (10)
27 -0y

of their wealth in inside equity, which is proportional to the inside equity premium 7, and

inversely proportional to risk aversion y. As a result, the expected excess pre-tax return

earned by the average entrepreneur on inside equity is given by

2
Tz

HZ = T(Zeg = m

(11)

The expected excess return on inside equity I, is the key determinant of the expected-
return-on-wealth differential between entrepreneurs and non-entrepreneurs, rf, — rivf. In
the benchmark case where households have unit elasticities of intertemporal and intergener-
ational substitution, 1 = 1 = 1, households have the same consumption and bequest policies
regardless of type and, as a result, equations (3)—(5) imply rfv - r{/\]VE =1I1,.

Defining the saving rate of an agent as the expected change in total wealth as a fraction

of expected (after-tax) income,

s Hw o
4 _(1—'c)rf,v_1 (1-7)r,’ (12)

for s = {E,NE}, the model reproduces the strong empirical regularity that entrepreneurial
households have much higher saving rates than non-entrepreneurs (Gentry and Hubbard,
2004; Quadrini, 2000), as a result of the superior average return on wealth earned by entre-

preneurial households.33

3.2 Top-Weighted Inequality Measures

In this subsection, I introduce two summary measures of top wealth inequality, top-weighted

average wealth and the top-weighted wealth share of entrepreneurs, which I characterize

33This result holds for empirically plausible levels of consumption elasticities not too close to zero. In the

simple case with unit elasticities of intertemporal and intergenerational substitution of consumption, p = =1,
the saving rate differential is directly proportional to the return differential:

E NE
syf —syNE = Pl =) otlz : (13)
(1- T)rl}f\/rvl\\]/E (1- r)r‘]fvr%E

More generally, the saving rate differential is increasing in the elasticities 1 and 1, all else equal.
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analytically in the next subsection and investigate empirically in Section 4.1.
I define top-weighted average wealth as the cross-sectional expectation (average) of indi-

vidual wealth relative to average wealth raised to a power { > 1:34

]

where [E* denotes the cross-sectional expectation operator.

A =FE

By definition, (1) = 1. In the case of perfect equality (a degenerate wealth distribution),
this function would be constant and equal to unity for all C, but, for any non-degenerate
distribution of wealth, % (C) is a strictly increasing function for ¢ > 1. When C > 1, the
expectation overweighs richer households, so that F(C) can be interpreted as a measure of
top inequality, for a given exponent C, with higher C implying further overweighting of the
top of the distribution. When the wealth distribution has a right Pareto tail, as is the case
empirically, with Pareto exponent C¥, it can be shown that top-weighted average wealth is
finite for 1 < < %, and diverges to infinity as ¢ — c*.35

Figure B.1 plots the schedule of top-weighted average wealth as a function of C when the
wealth distribution is exactly Pareto.>® Because a lower Pareto exponent {* corresponds to
a more unequal distribution, top-weighted average wealth for a fixed C > 1 can be used to
compare the degree of top inequality across different distributions.

An additive group decomposition of the schedule of top-weighted average wealth can be
used to study the prevalence of entrepreneurs across the wealth distribution. In particular,

decompose top-weighted average wealth as % (C) = FE(C) + FNE(C), where

C
FEQ) = mEE? (%) |ieEl (16)
C
FNE@Q) = (1-mF) B (%) ‘ieNEl, (17)
t

and mF is the population share of entrepreneurs. Define the top-weighted average wealth share

34When the empirical measure of wealth can take negative values, as in the case of net worth, I restrict atten-
tion to households with strictly positive wealth when taking the average.

350f course, in any finite sample, this cross-sectional expectation is finite for any ¢ > 1.

36That is, log relative wealth w = log(W;;/W;) has an exponential distribution, f(w) = cexp(—-C*w) for w > w
(f (w) = 0 otherwise) for some constant ¢ > 0. In this case, top-weighted average wealth is given by

FQ)=—F— (15)
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of entrepreneurs as
FE(©)
A@)°

for > 1. When T =1, ¢F(1) = ¢F is simply the aggregate wealth share of entrepreneurs.

o1 (0) (18)

For C > 1, we can interpret (pE(C ) as a tractable indicator for the prevalence of entrepreneurs
in top wealth groups. If the wealth distribution within the two groups was identical, up
to scaling, ¢f(C) would be flat as a function of { and equal to the population fraction of
entrepreneurs.

These measures can be used to study the cross-sectional structure of inequality in any
variable, not just wealth. In particular, I define top-weighted average labor earnings and

entrepreneurs’ top-weighted share of labor earnings as:

L.\
Fi(C)=E (L—:) l (19)
fE
PL(0) = J—l"ft<(cc>) / (20

respectively, where .ﬁf(C) and .ﬁi\fE(C) are defined as in equations (16) and (17).

3.3 The Structure of Inequality

In this subsection, I present some key analytical results regarding the implications of the
model for inequality, both in the long-run and during transitions following structural changes
in the economy. For expositional simplicity, I consider the simple case of no bequests, Vp =0
in this section. Appendix B.2 extends these results to the general case with bequests.

To examine analytically the implications of this framework for inequality, it is useful to
characterize the evolution of log relative household wealth w;; = log(W;;/W;), that is, the log

of the ratio of individual wealth to average wealth. The log relative wealth of surviving E

and NE households evolves, respectively, as3”-3%
dwft:(I/lf+w(1—wL)—(GE)z/Z)dt+9EdZit (21)
dwlf.\t’E:(Fg\’EJra)(l—wL))dt, (22)

where uf = V}vzv -g = pﬁ, - ylv\fvE)(l — @F) is the mean excess wealth growth rate of surviving

Es relative to the average growth rate of all surviving households, §;, and 6F = (1 - 7)0% is

37These expressions follow from the law of motion of household wealth (3) and Ito’s Lemma.

38For ease of exposition, I omit the time subscript from variables that I take to be constant both in steady
state and during the transition following a structural shift (except possibly for an instantaneous jump). The
assumptions regarding the transition are discussed in Section 4.
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the proportional wealth exposure of E households to the after-tax return to inside equity.
Similarly, Nt = ]A%E ~ g = —uEpt/(1 - pF) is the excess wealth growth of surviving NEs.

E (,NE
pe(pr)
equity premium 7y, all else equal. By the law of large numbers, the proportional wealth

is increasing (decreasing) in the return differential rf, — riVE, and thus the inside

exposure of E households to entrepreneurial risk Z, 6F, is also the cross-sectional volatility
of the instantaneous, after-tax returns to wealth across entrepreneurs. By the optimal choice
of the entrepreneurial investment scale, OF = 7;/y is also increasing in the inside equity

premium 7ty.

Inequality in the long-run Lemma 1 below characterizes the aggregate total wealth and

net worth shares of Es in terms of structural parameters in the steady state of the model.

Lemma 1 (Entrepreneurs’ Share of Aggregates). In steady state, the aggregate share of total

wealth held by Es is

E E afwwp + vNE/mE (23)
=m .
¢ wwy + vNE/mE — yk

The aggregate share of net worth held by Es is

E__E
¢ —-—prwr
’

s (24)

E
PN =
and their aggregate labor earnings share is

afw+vNE/mtE

oL = mE~w+VNE/mE : (25)

Equations (23) and (24) capture the two key distinct sources of heterogeneity affecting
the aggregate wealth and net worth shares of Es and NEs. First, if Es receive higher labor
earnings on average than NEs, af > 1 and thus @f > mF, their aggregate total wealth and
net worth shares, ¢f and q[)f,, will both be greater than their population share m* even
if they have identical returns on wealth, £ = 0.3° In the data, pf/mf ~ 2 (see Table 1).
Second, if Es receive superior returns on average, yE > 0, their wealth and net worth shares
will also exceed their population shares even if they receive the same earnings on average,

E. Moreover, under pf > 0, their aggregate total wealth and net

af =1 and thus ¢f =m
worth shares are increasing both in the level of return differential through pf and in the
cross-sectional persistence of entrepreneurial status (decreasing in the type-switching rate,
vNE), since high persistence implies that a given entrepreneurial household has access to the

superior-average-return entrepreneurial technology for a longer period of time on average.

39This is true for the net worth share under the empirically relevant case of positive aggregate net worth.
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Next, I characterize inequality throughout the wealth distribution. Denote the cross-
sectional distribution (probability density function) of log relative wealth by f;(w), and the
(scaled) distributions for E and NE households by ff(w) and f;NE(w), respectively, which
satisfy f;(w) = ftE(w) + tNE(w). The dynamics of the cross-sectional distributions ftE(w) and
fNE(w) obey a system of partial differential equations known as the Forward Kolmogorov
Equations, given by appendix equations (55) and (56). The steady-state distributions f%(w)
and fNE(w) for the model under the baseline calibration, discussed in the next subsection,
are plotted in appendix Figure B.2.

Similarly, denote the cross-sectional distribution of log relative labor earnings by f;;(w),
and the corresponding (scaled) distributions for E and NE households by flf(w) and fllt\’ Ew).
These distributions also obey a system of Forward Kolmogorov Equations, given by appendix
equations (59) and (60).

The measure of top-weighted average wealth, introduced in the previous subsection, cor-
responds mathematically to the moment-generating function of the distribution of log rela-
tive wealth f(w),*°

A = jm exp(Cw)fy(w)dw, (26)

and similarly for the (scaled) top-weighted average wealth across Es and NEs, F£(C) and
FNE(T), respectively. Similarly, top-weighted average labor earnings correspond to the moment-

generating function of the distribution of log relative earnings f;(1):*!

F(0) =f exp(C1) fis(DdL. (27)

—00

Proposition 1 offers analytical characterizations for the long-run levels of the top-weighted

wealth inequality measures.

Proposition 1 (Top-Weighted Moments). In steady state, the top-weighted aggregate wealth
share of entrepreneurs @F (C) and top-weighted average wealth F (C) satisfy

WY F O+ YNE/mEYpEC)/m® + (1 - wi (F(C)/F(€)) yNE/m”
AE(Q)

40Gabaix et al. (2016) use essentially the same measure to derive theoretical results regarding the speed of
convergence for cross-sectional distributions in continuous-time settings like the present one. They state their
results in terms of the Laplacian transform of the log relative wealth (income) distribution, which is simply the
horizontal reflection of the moment-generating function around the y-axis.

@F(C) =mF

(28)

41 As shown in Appendix Lemma B.1, in the steady state of the model, the cross-sectional distribution of
labor earnings across all households f;(/) coincides with the (exogenous) earnings distribution across newborn
households, fj(!). For this reason, it is also the case that 7;(C) = F(C) in steady state. However, because of type

switching, fls(l) * fls(l), for s € {E,NE}, that is, the equilibrium earnings distribution for each type does not

coincide with the ea~rnings distribution across newborn households of that type.
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and
Fio)= LA 29)
=357 (
where
A0 = w(1-C(1 —wp) +vNE/mE - pFC - (0F)2C(c-1)2 (30)
AVEC) = w(1-C(1—wy)) + vNE/mP - pNFE, (31)
and

AC) = AE@©)pE (@) + AVE@)(1 - 9P () - vNE/mE

E(r)_ ooE 2
:w<1—c<1_wL)>—yE%c—<pE<c>(aE) clc-1y2. (32)

For given C and for uf > 0, both wealth inequality measures are increasing in the mean ex-
cess wealth growth rate of entrepreneurs y* and, when ¢t (C) > (pf(C), in entrepreneurial type
persistence (decreasing in the type-switching rate vIVE). For T > 1, they are also increasing in the

volatility of entrepreneurial returns OF.

The prevalence of entrepreneurs at the top of the wealth distribution, captured by ¢*(C)
for high C > 1, is increasing in the return differential between Es and NEs and in the cross-
sectional persistence of this differential, as in the special case of the aggregate wealth share,
@F = pf(1), presented in Lemma 1.The fraction of Es at the top is, however, also increasing
directly in the volatility of returns across Es, OF. Even in a world with no labor earnings het-
erogeneity between Es and NEs, ¢f = mf, and no superior average returns to entrepreneur-
ship, yE = yN E =0, if there is, for unmodeled reasons, dispersion in realized entrepreneurial
returns, OF > 0, successful entrepreneurs will tend to dominate the top of the distribution
merely as a consequence of the idiosyncratic risk that they take. This highlights the impor-
tance of explaining the entire schedule of the top-weighted entrepreneurial wealth share,
including both its intercept at ¢ = 1 and its slope.

Overall top wealth inequality, as captured by the measure of top-weighted average wealth
F(C) for C > 1, is increasing in top concentration within the labor earnings distribution, as
captured by top-weighted average earnings F;(C). By equation (32), it is also increasing in
the expected return differential between Es and NEs, and the magnitude of this effect is
increasing with the slope of Es’ top-weighted share schedule.

A key insight from equations (29) and (32) is that, after controlling for the schedule of
the top-weighted wealth share of Es, the long-run level of top-weighted average wealth does

not depend directly on the churning rate vVE. As I discuss in Section 4.5, this implies that
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entrepreneurial persistence can be separately identified from the average return differential
between entrepreneurs and non-entrepreneurs by imposing the joint restrictions of observed
top wealth concentration (the schedule F;(C) or top group wealth shares) and the observed
relative wealth of entrepreneurs across the distribution (the schedule ¢£(7)).

Even in a world with homogeneous investment returns, entrepreneurs will be prevalent
at the top of the wealth distribution, @f(C) > mF, as long as they are prevalent at the top
of the labor earnings distribution, (pf(C ) > mE. However, in realistic model calibrations, the
impact of Es’ top-weighted labor earnings share ¢£(C) on their top-weighted wealth share
¢%(C) declines as one moves along the top of the wealth distribution by considering increas-
ing values of C. The reason is that, empirically, the Pareto tail of wealth is thicker than the
Pareto tail of labor earnings. As a result, 7/(C)/F(C) declines to zero as C approaches the
wealth Pareto tail exponent C* from below.#2 As C /" C*, the top-weighted wealth share of
entrepreneurs becomes independent of labor-earnings heterogeneity. The next proposition,
which characterizes the asymptotic right Pareto tail of the wealth distribution, further illus-

trates this point.

Proposition 2 (Pareto Tail in Steady State). Wealth and net worth exhibit a right Pareto tail. In
particular, fE(w) — cF exp(~C'w) and fNE(w) — cNEexp(~C*w) as w — oo, where {* > 1 is the
Pareto exponent of the tail and cE,cNE > 0 are constants.

In any equilibrium where the Pareto tail of wealth is thicker than the Pareto tail of labor

earnings (the empirically relevant case), the Pareto tail exponent solves the equation
/\E(C*)/\NE(C*)_VE/\E(C*)_VNE/\NE(C*):0, (33)

where AE(C) and ANE(C) are given by equations (30) and (31), respectivel;.).43
The (population and wealth-weighted) share of Es in the asymptotic top wealth (and net worth)
group is

CE VNE

cE + cNE — AE(CY)

(34)

Inequality at the very top of the distribution as captured by the Pareto tail exponent,
with a lower exponent corresponding to higher inequality (thicker tail), is determined ex-
clusively by the process of wealth accumulation and is independent of the distribution of

labor earnings.** These asymptotic expressions hinge on the empirically realistic assump-

42Recall from the discussion of Section 3.2 that top-weighted average wealth diverges to infinity as ¢ /' C*.
The same is true for top-weighted average earnings as C Cz, where Cz is the Pareto tail exponent of earn-
ings. However, the fact that the Pareto tail of wealth is thicker than that of earnings implies C* < Cz, so that
FC/FC)NOasC /T

43Note that equation (33) is equivalent to A(C*) = 0, where A(C) is given by equation (32).

44The result that the Pareto tail of wealth is either dominated by the Pareto tail of labor earnings or completely
independent of labor earnings inequality is a celebrated result in formal theories of top inequality that goes back
at least to Grey (1994).
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tion that labor earnings become a negligible fraction of the total income of extremely rich
individuals (e.g. the individuals in the Forbes 400). In the model, non-entrepreneurs in these
very small groups of individuals at the very top are part of these groups solely because they
used to be extremely rich entrepreneurs in the recent past and not due to high labor earn-
ings.*> Although empirically labor earnings is a non-negligible part of the total income of
conventionally studied top groups, such as the top 0.1% and 1% groups, expression (34) for
entrepreneurs’ share in the asymptotic top wealth group offers a useful analytical approx-
imation for the fraction of entrepreneurs, which turns out to be quite accurate in realistic

model calibrations.

Inequality dynamics The final analytical result offers important insights into the predic-
tions of this theoretical framework regarding the transitional dynamics of inequality.

Proposition 3 (Speed of Transition). In response to permanent and unanticipated structural

shifts, the top-weighted wealth share of Es evolves according to

do"(C)
dt

= =5 (O)pf (©)+ vNE + 0w FF )/ F(Q), (35)

with speed of transition
S(2) = AF(0)+ W[ A(CVF(C) = Ay(C), (36)

where AE(C) and A(C) are given in equations (30) and (32). For yf > 0, the asymptotic speed of

the transition in Es’ top-weighted wealth share,*°

s°(C) = lim 57/(C) = A%(0), (37)
for C > 1, is bounded above by the speed of transition of Es” aggregate wealth share:
AE = AE(1) = wwp + vNE/mE — jF, (38)

which is decreasing in entrepreneurial persistence and in the mean excess wealth growth rate of

entrepreneurs, ptE.

45Formally, the fact that E type is not an “absorbing” state at the household level (i.e. vF > 0), so that the
Pareto tail of wealth is not comprised solely of Es, gives rise to the third-degree polynomial equation (33) for the
Pareto exponent. If vE = 0, equation (33) simplifies to AE(¢*) = vNE, a quadratic polynomial equation in C* of
the type commonly found in single-type random growth models (see e.g. Gabaix (2009)).

46The asymptotic exponential rate of convergence is formally defined as

SE(C)E—tlim Og(|(pf (dt) Pss( )l)’

where L denotes the (new) steady-state value of (pf(C).



3 A MODEL OF ENTREPRENEURSHIP AND INEQUALITY 29

Expression (38) for the exponential rate of convergence of the aggregate wealth share
of entrepreneurs illustrates that type persistence, as captured by the churning rate vVE,
and the mean excess wealth growth rate of entrepreneurs puf are the key determinants of
the speed of convergence following structural shifts in the economy, such as an increase in
the inside equity premium. Intuitively, a lower rate of churning and higher wealth growth
differential imply slower reversal of existing wealth differences between entrepreneurs and
non-entrepreneurs and between richer and poorer households. Importantly, the convergence
rate of the aggregate wealth share ¢F is an upper bound for the speed of transition of top
inequality, as captured by the top-weighted wealth shares of entrepreneurs. In particular,
top inequality evolves more slowly when there is large heterogeneity within entrepreneurs,
as captured by the cross-sectional volatility of their realized returns, 6%.

Appendix B.2 shows that these results and intuitions readily extend to the case with
bequests, although the closed-form expressions for the top-weighted inequality measures
hold only as approximations around C = 1. The intergenerational transmission of wealth in

the presence of bequest motives generally amplifies the level of top inequality, all else equal.

3.4 General-Equilibrium Model Extension

The present theoretical analysis does not endogenize the level of the inside entrepreneurial
equity premium, the key determinant of cross-sectional heterogeneity in returns on wealth
in the model. In Appendix E, I present and analyze a general-equilibrium, endogenous-
production extension of the model this section, which endogenizes the inside equity pre-
mium and shows that the key implications for wealth inequality of the partial-equilibrium
model of Section 3 carry over to a setting where entrepreneurial investments are more real-
istically modeled as long-term, illiquid investments.

The model interprets the capital of a real-world firm as a combination of liquid (pledge-
able) capital (e.g. machinery, equipment, buildings) and entrepreneurial capital. Investment
in entrepreneurial capital captures investment in processes and methods tied to the skills of
the individual in charge of the firm. Because the payoff of such investments is tied to the
skills and effort exerted by the entrepreneur or manager, he or she must personally retain
exposure to this payoff for incentive reasons. In reality, this exposure may come in the form
of partial or whole equity ownership of the firm, or long-term performance-based schemes
in managerial compensation.

The key long-term determinant of the inside equity premium in the model is the relative
productivity of entrepreneurial capital relative to liquid capital. An increase in the rela-
tive productivity of entrepreneurial capital can generate the key predictions of the partial-
equilibrium model regarding the evolution of wealth inequality.

The general-equilibrium model also makes additional predictions regarding the response
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of the equilibrium riskfree rate in response to an increase in the relative productivity of en-
trepreneurial capital via the precautionary saving channel. I study the impact of idiosyn-
cratic entrepreneurial risk on the dynamics of the U.S. riskfree rate both empirically and an-
alytically in the context of a related endogenous-production asset pricing model in Tsiaras
(2018).

4 The Drivers of the U.S. Wealth Inequality Increase: Quantitative
Model Analysis

In this section I investigate the drivers of changing U.S. wealth inequality documented in
Section 2 through a calibration and quantitative analysis of the model of Section 3. In par-
ticular, I use the restrictions imposed by the structure of top inequality in the US data to
infer the increase in the inside equity premium that, together with the observed increase in
within-earnings heterogeneity, can account for the increase in top inequality and the relative
wealth of entrepreneurs from the 1990s to the 2010s. I also examine the implications of this
increase for future inequality.

Section 4.1 investigates the top-weighted inequality measures introduced in Section 3 in
the SCF data. Section 4.2 describes the transition experiment at the center of the quantitative
analysis of the model and Section 4.3 discusses the calibration of the labor earnings distri-
bution in the model. Section 4.4 presents the details and conclusions from the simulated
method of moments (SMM) estimation of the model. Section 4.5 discusses the intuition for
and evidence consistent with the inference of high cross-sectional persistence of entrepre-
neurial status. Finally, Section 4.6 discusses micro-level evidence from the SCF pointing to
an increase in the returns to privately-held equity as the main driver of the apparent increase

in the average return differential between entrepreneurs and non-entrepreneurs.

4.1 Top-Weighted Inequality Measures in the SCF

This subsection investigates in the SCF data the top-weighted inequality measures intro-
duced and characterized analytically in Section 3, for the empirically observable wealth
concept of net worth. Matching the schedule of the top-weighted net worth share of en-
trepreneurs is a key goal of the model calibration, as a way to capture the relative position
of entrepreneurs across the net worth distribution.

The top panel of Figure 3 plots decade averages of the schedule of top-weighted average
net worth in the SCF data for different values of C. As is visually evident from the figure,
almost all of the increase in top concentration has taken place from the 2000 to the 2010s
according to this measure, with top concentration barely changing from the 1990s to 2000s.

This conclusion is consistent with the evolution of top group shares, as discussed in Section



4 QUANTITATIVE MODEL ANALYSIS 31

2.3.

The bottom panel of Figure 3 plots decade averages for the top-weighted net worth share
of entrepreneurs in the SCF data. The figure highlights an increase in the value-weighted
share of entrepreneurs throughout the net worth distribution, including at the top, from the
1990s to the 2010s, as the gap between the two schedules is roughly constant across different
C’s (in fact, the average slope is slightly higher in the 2010s). Interestingly, the increase in
the intercept (at ¢ = 1) and the decline in the slope of the measure from the 1990s to the
2000s is consistent with the increase in the aggregate net worth share of entrepreneurs as
well as the decline in their share within the top 1% group over this period (which can be
seen in Tables 1 and A.1, respectively), highlighting the ability of this measure to capture

the relative importance of the two groups at different parts of the distribution.

4.2 Transition Experiment

The quantitative analysis of the model centers on a parsimonious calibration exercise on
transitional dynamics. Starting from the steady state of the model, which I calibrate to
moments from the 1990s, I consider the impact of three permanent, concurrent structural
shifts: a change in the level of the inside equity premium, a change in the cross-sectional
distribution of relative permanent labor earnings (within-labor-earnings heterogeneity), and
a change in the aggregate share of labor earnings in personal income (labor income share).

Starting from the old steady state, at a point in time f; the economy experiences an in-
stantaneous jump in the inside equity premium of A7n; and an instantaneous jump in the
ratio of aggregate labor wealth to total wealth Aw;. Both 7z and w; remain constant at their
new values throughout the transition. Holding constant the ratio w; during the transition
implies that the aggregate labor share of income remains roughly constant throughout the
transition at its new steady state level. At the same time t;, while the cross-sectional dis-
tribution of net worth across households is held constant (does not jump), all households
receive draws from a new distribution of relative labor earnings, retaining their relative
ranking from the old distribution. Accordingly, households’ labor wealth, and hence their
total wealth, experiences a jump at time #,. All other structural parameters are held constant.
These shifts are not anticipated ex ante by agents.

First, I calibrate a simple specification for the labor earnings distribution using data on
the labor income shares of top groups by labor income in the SCF, both in the 1990s and in
the 2010s. Second, I apply the simulated method of moments (SMM) procedure to estimate
several model parameters in the original (1990s) steady state of the model jointly with the
long-run change in the inside equity premium Any and the long-run change in the ratio of
aggregate labor wealth to total wealth Aw;, targeting wealth inequality moments from the

1990s and 2010s together with some aggregate moments.
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Figure 3: Top-Weighted Inequality Moments in the SCF
Notes: The top and bottom panels of this figure plot decade averages of the schedules of top-weighted average
net worth and entrepreneurs’ top-weighted net worth share, respectively, as a function of the exponent C in the
SCF data. These measures (applied to net worth) are defined in equations (14) and (18), respectively. Only
households with strictly positive net worth are considered when computing the measures.
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4.3 Labor Earnings Calibration

I choose a simple specification for the cross-sectional distribution of permanent labor earn-
ings across all newborn households, fj, that captures well the top of the U.S. labor income
distribution as it reproduces its empirically observed Pareto tail. A fraction y; = 10% of
newborn households receive draws from an exponential distribution for log earnings with
Pareto exponent {; and threshold [, while the remaining households receive draws from a
truncated normal distribution with mean m;, standard deviation sy, truncated at [. Because
this is the distribution of log earnings relative to average earnings, there are three free pa-
rameters to be calibrated.

I calibrate these parameters using information on the aggregate labor income shares of
top groups by labor income in the SCF, separately for the 1990s and for the 2010s (using
averages of survey waves from each decade).*”-48 First, I set {} to the value that reproduces
the observed ratio of the top 1% group share to the top 10% group share.*’ Second, I set the
cutoff  to match the level of the top 10% labor income share. Although not directly targeted,
the implied 5% top share is within one percentage point of the actual shares, owing to the
fact that the Pareto distribution offers a remarkably good fit to the entire top end of the labor
income distribution. Finally, I calibrate the remaining free parameter, which controls the
truncated normal distribution, to match the labor income share of the top one-third of the
population. The calibrated distributions are reported in Figure 4. The Pareto exponent C;
declines from 2.09 in the 1990s to 1.85 in the 2010s, corresponding to a significant increase
in within-labor-earnings inequality.

I further allow for distinct average labor earnings for each type, E and NE, while assum-
ing for simplicity that the distribution of earnings relative to type-specific average earnings
is the same for the two types. In the SCF data, the estimate for ratio of average labor earn-
ings across Es to average labor earnings across all households, ¢f/mf, is 2.08 in the 1990s
and declines slightly to 1.96 in the 2010s. These estimates use the factor decomposition of
income after an adjustment for the imputed labor earnings of entrepreneurs who report no

wage income in their tax returns, discussed in Section 2.2. The estimates are similar under

47The measure of household labor income used in the computation of the top group shares incorporates the ad-
justment for the imputed labor income of self-report entrepreneurs who reported no regular salaries, discussed
in Section 2.2.

48This procedure ignores the impact of transitory labor income shocks to the cross-sectional distribution of
annual labor earnings. However, the estimates from the calibration (for the evolution of the Pareto exponent,
in particular) are very similar quantitatively to calibrations that allow for both transitory and persistent compo-
nents in individual labor earnings (see, e.g., Hubmer, Krusell, and Smith (2016)).

49This computation uses the fact that, when a variable is distributed according to an exact Pareto distribution,
the ratio of the top x% group share to the top y% group share, T;/T,), satisfies

log(Tx/T,) = (1 -1/} )log(x/). (39)
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Figure 4: Calibration of Labor Earnings Distribution

Notes: This figure plots the calibrated cross-sectional distributions for relative labor earnings using SCF data
from the 1990s and the 2010s. Calibrated parameters for the 1990s: CZ =2.092,1=0.737, mp =2.012,sp =2.761.
Calibrated parameters for the 2010s: {7 = 1.846, I = 0.740, mp = —0.060, s; = 1.889.

the unadjusted decomposition of income (see Table 1).

4.4 SMM Model Estimation

Taking as given the calibration labor earnings distribution across households before and
after the structural shift (time t;), I estimate the model by the simulated method of moments,

using simulations of one million households.

Fixed parameters I fix several parameters that are directly observable and some preference
parameters, reported in the left panel of Table 2. Given the focus of the model on inequality
at the top, I choose a (capital) income tax rate 7 = 28% close to the effective (and marginal)
tax rates for top groups in the US (Piketty and Saez, 2007; Auerbach and Hassett, 2015) and
an effective estate tax rate tp = 19%, following Carlitz and Friedman (2005). The assumed
death rate = 4% corresponds to an average working life of 25 years.>® The real riskfree rate

is set to 2.2%, the average over the years from 1989 to 1998.5! I assume unit elasticities of

50 Although the implied working life duration is a bit lower than conventional working life estimates of around
30 to 40 years, I choose this value because in this model the parameter w also controls the degree of pledgeability
of the future labor income stream of a household “dynasty”, with lower average generation duration (higher w)
implying lower pledgeability.

51T compute the time series of the annual real rate using inflation expectations from the Survey of Professional
Forecasters.
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Parameter Description Value | Parameter Description Estimate, % (SE)
Fixed Estimated
T Income tax rate 28% Ty Inside equity premium 22.2(0.3)
(95) Estate tax rate 19% yNE Type switching rate 0.1 (0.0)
P EIS 1 (g Price of aggregate risk 33.2(2.4)
J EGS 1 P Time discount rate 1.8 (1.3)
)4 Risk aversion coeff 4 Vp Bequest motive 6.4 (1.1)
w Death rate 4.0% wy Aggr labor-total wealth ratio 51.7 (3.5)
mE E pop fraction 11.7% ATty Change in 1t 4.6 (0.5)
ry Riskfree rate 2.2% Awy, Change in wy -7.5(0.9)

Table 2: Parameters in Baseline Model Calibration

Notes: The left panel of this table reports the model parameters directly calibrated (fixed), while the right
panel reports the parameters (all in percentage-point format) estimated by the simulated method of moments
(SMM). SMM standard errors for the parameter estimates using the covariance matrix of the data moments from
the SCF are reported in parentheses.

intertemporal and intergenerational substitution of consumption and a coefficient of relative

risk aversion equal to 4.

Targeted moments 8 model parameters are left to be calibrated: the inside equity pre-
mium, 7t,; the transition rate from NE to E status, yNE: the price of aggregate risk mg; two
preference parameters (p and Vp); the old steady-state labor-total-wealth ratio wy; and the
changes in the inside equity premium and the labor-total-wealth ratio, Ay and Aw;. I es-
timate these parameters via simulated method of moments to match 14 moments. Ten of
these moments, overweighted in the SMM estimation, are the levels of five key net worth
inequality moments in the 1990s, as well as changes in these moments from the 1990s to
the 2010s. The changes in these moments are compared against the corresponding cross-
sectional moments in the model simulation 19.5 years after the start of the transition.>? The
moments are the aggregate net worth share of entrepreneurs, the top-weighted net worth
share of entrepreneurs evaluated a high value of C = 1.3, and the aggregate net worth shares
of the top 0.1%, 1%, and 10% groups of households by net worth. The first two moments
capture crucial information on the relative position of entrepreneurs along the wealth distri-
bution. These moment targets, estimated using SCF data, are reported in the first and third
rows of Table 3, together with their corresponding bootstrap standard errors.

The four remaining targets, reported in table 4 are aggregate moments: the share of ag-
gregate labor income in total income in the SCF data from the 1990s, the observed decline in

this share from the 1990s to the 2010s (assumed to be permanent in the model), an estimate

5219.5 years is the difference between the midpoint of the four SCF survey waves before 2000 (year 1993.5)
and the three survey waves in the 2010s (year 2013).
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1990s 1990s — 2010s
Data Model Data Model Model, Ay, =0
E share, cj)IE\] 41.4(0.9) 39.1 | +3.8(1.2) +2.8 -0.6
Top-wgt E share, (j)l}f,(lﬁ) 54.2(1.3) 52.6 | +3.5(1.7) +3.6 -0.6
Top 1% share 32.2(0.6) 34.6 | +3.9(0.7) +34 +0.5
Top 0.1% share 12.0(0.4) 154 | +1.4(0.6) +1.8 +0.2
Top 10% share 67.7 (0.5) 67.7 | +7.9(0.6) +3.7 +0.5

Table 3: Key Inequality Moments in the Data and in the Model

Notes: This table reports the 1990s levels and changes from the 1990s to the 2010s in key inequality
measures in the data (columns 1 and 3) and in the baseline calibration of the model (columns 2 ad 4). The data
estimates are from the SCF and are part of the targeted moments in the SMM estimation of the model. Numbers
in parentheses denote bootstrap SCF standard errors. The last column reports the model-implied change in the
inequality moments if the only structrural shift is the increase in within-labor-earnings inequality, that is,
assuming no change in the inside equity premium or the labor income share (Anz = Awp = 0).

Moment Data Model
Labor income share, 1990s 82.0 (1.1) 79.7
Labor income share change, 1990s — 2010s -11.4(1.2) -15.1
Income-net worth ratio 17.8 (0.4) 13.2
Bequests-income ratio 5.0 5.4

Table 4: Aggregate Moments in the Model Calibration

Notes: This table reports aggregate data moments targeted in the SMM estimation of the model. The remain-
ing moment targets (net worth inequality moments) are reported in Table 3. All values reported are percentages.

of the ratio of income to net worth, and an estimate of the ratio of annual bequests to income.
The estimate of the income-net worth ratio is the average value of this statistic across all SCF
waves from 1989 to 2016. I use this average value because my transition experiment does not
incorporate secular shifts that account for the declining trend in this ratio since the 1990s,
notably the large decline in the U.S. real riskfree rate.335* For the ratio of annual bequests
to income I use a target of 5% that is in the range of existing estimates for annual bequests

as a share of GDP, inclusive of inter-vivos transfers (Wang, 2016; Luo, 2017).

Estimated parameters The resulting estimates of the model parameters are reported in
the right panel of Table 2. The original-steady-state level of the inside equity premium,
estimated at 22.2%, is lower than the price of aggregate risk g = 33.2%, that is, the Sharpe

331n the transition experiment, the riskfree rate and premium on the risky financial asset, 7, are held constant
at their old steady state levels. This assumption is made for parsimony given that these asset prices do not affect
inequality directly due to households’ symmetric portfolio choice (proportional wealth exposures) with respect
to financial assets. As a result, the income-net worth ratio in the model remains essentially unchanged following
the structural shifts.

54The simulated value of the income-net worth ratio in the model (at the old steady state) takes into account
the adjustment in the factor decomposition of income for the imputed earnings of entrepreneurs who do not
report regular wage income.
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ratio on the risky financial asset to which all households have access (proxying for non-
business assets, such as public equity and real estate). The corresponding average excess
pre-tax returns (risk price times exposure) on the two assets are I1; = 7705 = 1.7% and
I1p = mgOp = 3.8%, highlighting the ability of a relatively small return differential, captured
by IT, to generate large average wealth differences between the groups of entrepreneurs and
non-entrepreneurs. The estimated entry and exit rates to and from entrepreneurship are
vNE = 0.1% and vf = 0.8%, respectively, corresponding to a large degree of cross-sectional
persistence of entrepreneurial status.

The calibration provides a good fit for the long-run levels of top inequality, as captured
by the 1990s values of the moment targets reported in the first column of Table 3, which is
no small feat given the parsimonious nature of the model with only a single source of ex-ante
rate-of-return heterogeneity and only two free parameters controlling this heterogeneity (7,
and vNE).5> Importantly, the model matches well the entire schedule of the top-weighted
net worth share of entrepreneurs, including its average slope, as can be seen in Figure 5. By
implication, it matches well the net worth shares of entrepreneurs within top groups; for
example, the fraction of top 1% group net worth that is held by entrepreneurs within those
groups is 68% in the 1990s SCF data and 63% in the original steady state of the model.

The calibration infers a 20% relative increase in the inside equity premium, from 0.22 to
0.27, corresponding to a sizeable increase in the average excess pre-tax return to entrepre-
neurial investments from 1.7% to 2.5%, in order to account for the observed increase in the
value shares of entrepreneurs throughout the net worth distribution and the increase in top
net worth inequality. The model can easily account for the magnitude of the changes in the
inequality moments from the 1990s to the 2010s, with the exception of the increase in the
top 10% net worth share. The estimated shifts in the return and earnings heterogeneity can
together account for about half of the large increase in the top 10% share; in other words,
the inequality increase is more concentrated at the very top of the distribution in the model
relative to the data.

The calibrated model also generates a quantitatively realistic level for the saving rate
differential between entrepreneurial and non-entrepreneurial households. The saving rates
of Es and NEs, computed according to equation (12), are 29% and 17%, respectively, in the
original steady state implying a saving rate differential of 13%. This is close to the range of
saving rate differentials (16% to 35%) estimated in median regressions on entrepreneurial
status by Gentry and Hubbard (2004) using a panel dimension in the 1982 and 1989 SCF

surveys.”® In turn, given the prevalence of entrepreneurs at the top of the income and wealth

33For comparison, the calibrated wealth inequality model of Benhabib, Bisin, and Luo (2015), which offers a
similarly good fit for the top of the wealth distribution, features a 5-state Markov chain for the rate of return of
wealth, with 10 free parameters allowing for much greater freedom in the model estimation.

56Gentry and Hubbard (2004) use an empirical definition of the saving rate as the change in net worth divided
by an average of the (pre-tax) incomes in the two survey years, which is comparable to the definition used here,
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Figure 5: Top-Weighted Net Worth Share of Entrepreneurs, Data and Model

Notes: This figure plots the top-weighted net worth share of entrepreneurs as a function of the exponent C in the
SCF data (the average schedule across the survey waves in the 1990s and in the 2010s) and in the model, both in
the original steady state (1990s) and after a 19.5-year transition (2010s). This measure is defined as in equation
(18). Only households with strictly positive net worth are considered when computing the measure, both in the
data and in the model simulation.
distributions, saving rates are positively correlated with wealth in the model as they are in
the data. The level of entrepreneurs’ saving rates in the model is also close to estimates
for the saving rates of households at the top of the net worth distribution.>” In the model
calibration, these large saving rate differentials are entirely driven by the superior average
returns earned by entrepreneurs.>8

The increase in the average returns to entrepreneurship, is essential for matching the
increase in top wealth concentration. The fifth column of Table 3 plots the changes in in-
equality moments following 19.5 years of transition in a model simulation assuming that
the only structural change is the increase in the cross-sectional dispersion of permanent la-
bor earnings, that is Awy = Awy = 0. This shift by itself can generate increases in the net

worth shares of top groups that are only a fraction of the observed increases. And it is com-

equation (12). In particular, the closest model analog would be sygy = (1-7)sy. The authors also emphasize that
starting entrepreneurs have higher saving rates than continuing entrepreneurs, suggesting an important role for
constraints that entrepreneurs face in the external financing of new entrepreneurial ventures.

57For example, using 2000-2009 data, Saez and Zucman (2016) estimate “synthetic” saving rates (constructed
by grouping everyone within a certain wealth fractile and calculating the ratio between changes in total wealth
and total income for this group) of 35% for the top 1% wealth group, 9% for the group of individuals between
the 90th and 99th percentiles and -4% for the group of individuals below the 90th percentile.

58The calibration assumes unit elasticities of consumption substitution, so that saving rates are given by equa-
tion (13). The differentials would be amplified if these elasticities are greater than unity, as entrepreneurs reduce
their consumption-wealth ratios in order to take greater advantage of their superior returns to saving.
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pletely unable to account for the notable increases in the (top-weighted) net worth shares of

entrepreneurs, which decline under this transition experiment.>’

Implications for the dynamics of inequality The sizeable inferred increase in the return
differential between entrepreneurs and non-entrepreneurs is a robust feature of empirically
plausible calibrations of the model. The model requires high cross-sectional persistence
of entrepreneurial status. I discuss the intuition for the inference of high entrepreneurial
persistence in Section 4.5. In turn, the degree of entrepreneurial persistence is the key de-
terminant of the speed of transition of the wealth distribution following structural shifts,
as highlighted by equation (38) for the speed of transition of entrepreneurs’ aggregate net
worth share, with high persistence implying slow transitions. In the baseline calibration,
the (asymptotic) transition half-life for the aggregate wealth share of entrepreneurs is 46
years.®® Given these slow transition dynamics, the model must assume a sizeable increase
in the inside equity premium in order to match the sizeable recent shifts in the structure of
top inequality that have occurred during a period of only 20 years.

The slow transition dynamics of the wealth distribution in any realistic calibration of the
model, driven by the high inferred cross-sectional persistence of entrepreneurial status, also
imply that recent structural shifts may have a protracted impact on inequality in the future.
If the shifts persist in the future, the model predicts a long period of widening inequality
in the future as the wealth distribution slowly converges to its new steady state over several
decades of transition. The solid lines in Figure 6 plot the time paths of the aggregate net
worth share of entrepreneurs and of the top 1% net worth group in a model simulation
under the baseline calibration that assumes that the shifts in the inside equity premium and
in within-labor-earnings heterogeneity are permanent and holding all else constant. The
cumulative changes in the inequality moments from the 1990s to the 2030s (39 years after
time fy = 1993.5) under this scenario are also reported in the second column of Table B.1. For
example, the top 1% net worth share will increase by another 2.9% over the next 19.5 years
from the 2010s to the 2030s, almost as much as its 3.9% increase over the 19.5 years from
the 1990s to the 2010s. Even if the structural shifts are fully reversed going forward, the
economy will only slowly revert to its lower 1990s levels of inequality (the original steady
state of the model), over several decades of transition. The dashed lines in Figure 6 and the

third column in Table B.1 depict a scenario under which the structural shifts that took place

59This version of the transition experiment assumes no change occurs in the aggregate share of labor income,
which has recently experienced a significant decline in the data of 11% from the 1990s to the 2010s. Accounting
for the latter change would further diminish the implied contribution of the increase in labor earnings inequality
to the overall increase in net worth inequality.
60The half-life estimate is computed using the formula half-life = log(2)/AL,, where AL is the speed of transi-
tion /\f from equation (69) evaluated at the new-steady-state level of the excess wealth growth rate of entrepre-
E
neurs, pu".
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Figure 6: Evolution of Net Worth Share Held by Entrepreneurs and by the Top 1% Group in
the Model Simulation

Notes: This figure plots the time paths of the aggregate net worth share of entrepreneurs and of the top 1%
group by net worth in model simulations under the baseline calibration. The solid lines plot the time paths if
the structural shifts are permanent, while the dashed lines plot the time paths if the structural shifts are fully
reversed in the 2010s (after 19.5 years of transition following time ty = 1993.5).

at time 5 = 1993.5 are fully reversed in #; = 2013 following 19.5 years of transition, so that
inequality converges to its old steady state in the future. The simulation estimates show that

it will take far more than 20 years for inequality to return to its lower 1990s levels.

4.5 The Robustness of High Entrepreneurial Persistence

The inference of a sizeable increase in the inside equity premium and of slow transition
dynamics for the wealth distribution in the model calibration hinge critically on the high
inferred cross-sectional persistence of entrepreneurial status, captured (inversely) by the
type-switching rate vVE in the analytical results of Section 3.3. High entrepreneurial persis-
tence is a robust feature of any empirically plausible calibration of the model, because the
model can jointly match both top inequality (the top group net worth shares) and the (top-
weighted) net worth share of entrepreneurs only under high persistence of entrepreneurial
status across households (low vV E).

It is not immediately clear how the level of the return differential between entrepreneurs
and non-entrepreneurs and the cross-sectional persistence of this differential can be disen-
tangled using information from cross-sectional inequality moments, since both of these pa-
rameters directly affect the relative wealth of the two groups. To understand why the model

identifies high entrepreneurial persistence, note from formula (29) that top-weighted aver-
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age wealth, a measure capturing the degree of top wealth concentration, depends directly on

the inside equity premium (through the terms yf-uNE and 6F) but not on the churning rate

vNE, after controlling for the schedule of entrepreneurs’ top-weighted wealth share @ (Q).
Because this schedule is (approximately) observable, the degree of top concentration in the
data can help identify the return differential separately from the degree of cross-sectional
persistence.

If one imposes a low level of type persistence (high churning between types), the model
can match the observed long-run level of top inequality or the observed long-run aggregate
net worth share of the group of entrepreneurs, but not both. On one hand, a calibration
that matches top inequality under low type persistence severely under-predicts the entre-
preneurs’ aggregate net worth share (and the entire top-weighted net worth share schedule,
q[)fj((:)). On the other hand, a calibration that matches the observed aggregate net worth share
of entrepreneurs under low type persistence needs to assume an implausibly high level for
the expected return differential between Es and NEs, implying counterfactually large levels
of top inequality.

To better understand this important point, I conduct a simple comparative-statics anal-
ysis at the original (1990s) steady state of the model. Starting from the parametrization of
the old steady state under the baseline calibration, I increase vVF while at the same time
varying the inside premium 7tz so as to hold entrepreneurs’ steady-state aggregate share of
wealth ¢F (and of net worth, (j)ﬁ,) constant. All other model parameters are held constant
at their calibrated values for the 1990s. Figure 7 plots key variables as a function of the
rate of entry into entrepreneurship, vVE. This entry rate varies from 0.01% to 1%, implying
a corresponding variation in the exit rate from entrepreneurship, vf from 0.8% to 7.6%.5!
The bottom-left panel shows how the decline in type persistence translates into faster tran-
sitions, that is, a decline in the half-life implied by the asymptotic rate of convergence of
the aggregate wealth share of entrepreneurs, Af. This half-life is 33 years in the old steady-
state of the model, and it falls to under 20 years only for values of vNE greater than 0.5%
(exit rates above 3.5%). Accounting for any increase in the inside equity premium relative
to its 1990s level, as in the transition experiment of the baseline calibration, will imply even
longer half-lifes for a given level of persistence.®?

As can be seen in the top-right panel of Figure 7, such low levels of persistence (high
churning) require implausibly high average excess returns IT; on entrepreneurial invest-
ments in order to hold the aggregate net worth share of entrepreneurs close its empirically

observed level. In turn, these extreme return differentials imply counterfactually large levels

61The two churning rates are linked by the inflow-outflow balance condition (1).

62The relevant half-life for the transition experiment is the one computed under the new steady state dynamics
and is significantly larger at 46 years, due to the fact that the convergence rate (half-life) is directly decreasing
(increasing) in the excess wealth growth rate of entrepreneurs u?, and hence in the inside equity premium, for
any given level of persistence, as can be seen in equation (38).
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Figure 7: Comparative Statics Analysis of the Impact of Entrepreneurial Persistence

Notes: This figures plots key equilibrium objects in the steady state of the model as a function of the entry

rate vNE, while also varying the inside equity premium 7tz starting from the original steady state of the base-

line calibration (vertical dash line) in order to keep entrepreneurs’ aggregate total wealth and net worth shares
constant.
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of top inequality when compared to their empirical counterparts from the 1990s, as can be
seen in the bottom-right panel of Figure 7 plotting the steady-state level of the top 1% net
worth share. For example, a value of vNE = 0.5% implies a top 1% net worth share of 58%,
compared to an estimate of 32% from the SCF data for the 1990s.

Multiple types A natural question that emerges from this analysis is whether the parsimo-
nious nature of this two-type model is the reason behind its inability to generate fast tran-
sitions in response to changes in expected-rate-of-return heterogeneity while still matching
quantitatively the key features of the structure of wealth inequality emphasized in this study.
Would the introduction of more household types, for example in the form of heterogeneity
in expected returns within the group of entrepreneurs, alter these predictions? Although I
cannot provide a definitive answer to this question, the answer is negative in the case of a
straightforward extension of this framework with multiple entrepreneurial types. The rea-
son is that the rate of convergence of the aggregate wealth share of entrepreneurs depends
on the average return on wealth across entrepreneurs (relative to non-entrepreneurs) but is
independent of heterogeneity within the group of entrepreneurs. For the same fundamental
reason, the convergence rate in equation (38) does not directly depend on the cross-sectional
volatility of entrepreneurial returns 5. Although high churning between different entre-
preneurial types will likely speed up the convergence of the tail of the distribution in a
model with multiple types relative to the two-type model of this paper, Proposition 3 shows
that the convergence rate of the aggregate wealth share is an upper bound for the speed of
convergence of the upper tail of the wealth distribution, as captured by the speed of con-
vergence of the top-weighted wealth shares. Thus, the key prediction of slow transitional

dynamics for wealth inequality survives in a multiple-type framework.

Evidence on entrepreneurial persistence Finally, existing empirical evidence lends sup-
port to the model’s prediction of high persistence of entrepreneurial status (“entrepreneurs
for life”). Low entry and exit rates to and from entrepreneurship have been documented
empirically in the US. Using the 1984, 1989, and 1994 PSID surveys, Quadrini (2000) finds
much higher rates of re-entry into entrepreneurial ventures by previous business owners
relative to the general population, despite the high failure rates associated with private busi-
nesses. Moreover, recent empirical work by Fagereng et al. (2016) using panel tax data from
Norway documents a high degree of persistence in the heterogeneity of rates of return on
wealth across households. Although they do not directly address the persistence of entre-
preneurial status, they show that their estimates of the cross-sectional persistence in return

heterogeneity fall substantially when entrepreneurs are excluded from the sample.
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4.6 The Drivers of the Increase in Return Heterogeneity

In this subsection, I investigate the drivers of the apparent increase in the average return
differential between entrepreneurs and non-entrepreneurs. Section 4.6.1 offers micro-level
evidence of an increase in the average returns to private businesses, conditional on their sur-
vival in private form, relative to returns on passive financial investments using SCF. Section
4.6.2 shows that there is no evidence of an increase in the aggregate risk taking of entre-
preneurs relative to non-entrepreneurs, as captured by households’ portfolio exposure in
risky assets, which could account for the increase in the return differential between entre-
preneurs and non-entrepreneurs. These results point to an increase in the average returns to
entrepreneurial ventures as the most likely driver of the recent increase in entrepreneurial
wealth.

4.6.1 Estimates of the average returns to private equity

This subsection offers an analysis of a cross-section of excess returns to entrepreneurial in-
vestments using SCF data at the household level. For each entrepreneurial household in
the SCF (about 1,200 observations in the 2016 wave) I construct the long-term return to
its business with the largest inflation-adjusted initial investment (cost basis) as the sum of
a measure of annualized capital gains over the life of the business and an estimate of the
average dividend yield of the business.®®> The construction of the capital gains component
uses survey data on a household’s initial investment on their business, the current market
valuation of the business as estimated by the respondent, and business age. Because the SCF
does not offer reliable information on the average dividend yield (distributed earnings as a
share of firm value) of an individual business and to facilitate transparent comparisons over
time, I use the time average (over all SCF waves) of an estimate of the aggregate dividend
yield on inside private equity (8.9%) as an estimate of the dividend yield component of the
return of each business. I subtract the geometric-average annual return of the S&P500 index
over the life of the business to obtain an estimate of the annualized long-term return of the
business in excess of the return to a liquid investment over the same period. The details of
the construction and further analysis of this cross-section is presented in Appendix A.4.5.
Figure A.6 plots an estimate of the probability density function for the cross-sectional
distribution of simple excess business returns from the 2016 SCF wave. The distribution
displays extreme skewness and kurtosis, with a long right tail of extremely high return re-
alizations (only partly displayed in the figure). The key limitation of this cross-sectional

sample is that it only contains information on private businesses that are still in operation as

63The overwhelming majority of entrepreneurial households have a single business. For households with more
than one business, I construct alternative measures that combine the returns to all businesses at the household
level. The results from an analysis based on this alternative construction are very similar quantitatively.
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Figure 8: Cross-sectional Moments of Private Business Returns in the SCF, Conditional on
Survival in Private Form

Notes: This figure plots averages across SCF waves before and after the year 2000 for the cross-sectional mean
of the annualized excess simple returns and the cross-sectional standard deviation of the annualized excess log
returns on private businesses, and for the ratio of these measures (Sharpe ratio). Annualized returns are

adjusted by a factor of VT, where T denotes business age, when computing the standard deviation. The
errorbars denote 95% confidence intervals. SCF population weights are used through the analysis.

private businesses at the time of each survey. It excludes businesses of surveyed households
that have failed or have been liquidated, that have been acquired by other businesses, or that
have gone public in the past. Accounting for firm failure, the most important source of risk
for entrepreneurial ventures, would push down estimates of the average return and push up
estimates of the volatility of returns,while accounting for firms that have been acquired or
gone public would likely go in the other direction.A second limitation is that by construc-
tion the cross-sectional distribution of returns captures variation only in the capital gains
component of returns but not in the dividend yield component.

Figure 8 reports the average levels of the cross-sectional mean of excess simple returns,
the cross-sectional standard deviation of excess log returns across survey waves before and
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after the year 2000. For a comparable estimate of the volatility of returns across firms of
different ages (investment horizons), annualized business returns are multiplied by a factor
of VT, where T denotes business age in years, to compute an estimate of the standard devi-
ation of one-year-ahead log returns. This is an appropriate benchmark because, in a model
where one-period-ahead (excess) returns are identically and independently distributed con-
ditional on survival, the standard deviation of the cumulative return grows with the square
root of the horizon, so one would expect the term structure of the standard deviation of log
returns constructed as such to be flat under that benchmark.Figure 8 also reports averages
of the ratio of the cross-sectional mean over the adjusted cross-sectional standard deviation,
which is an estimate of the Sharpe ratio of private business returns conditional on survival
in private form.

The conditional cross-sectional mean of the excess simple returns has experienced a large
increase in post-2000 surveys relative to pre-2000 survey waves, although the uncertainty in
the estimates of average returns is large. In contrast, the conditional cross-sectional volatility
of one-period-ahead log returns has not experienced a significant change since the 1990s. As
a result, the ratio of these two cross-sectional measures (conditional Sharpe ratio) more than
doubled from an average level of 27% in pre-2000 surveys to 68% in post-2000 surveys,
a large and statistically significant increase of 41.0% (standard error 15.7%).%* Although
the magnitudes of these estimates are sensitive to details of the construction of returns,
the qualitative conclusion of a substantial increase in conditional average returns and the
conditional Sharpe ratio is robust across different constructions.

This analysis does not provide a definitive answer on the trends in the corresponding
unconditional moments, after accounting for the full range of possible firm outcomes, in-
cluding business failure, transition to public status, and acquisitions. For example, a possi-
bility is that an increase in firm failure rates has occurred since the 1990s, biasing upward
the reported estimates of average returns conditional on survival. However, recent empirical
studies using panel data show a post-2000 decline in the (unconditional) firm-level idiosyn-
cratic volatility of publicly traded stock returns relative to their level in the 1990s.> It would
be surprising if the volatility of private firms followed an increasing trend since the 2000s,

especially in light of the fact that it did not even share the increasing trend of public stocks

64 Appendix Figure A.7 reports survey wave averages of the same measures for each decade (1990s, 2000s,
and 2010s), and shows that the increase in average returns and the conditional Sharpe ratio is particularly
pronounced during the 2000s.

65Brandt et al. (2010) show that the increasing trend in the firm-level idiosyncratic volatility of public stocks
up until the late 1990s, emphasized by Campbell et al. (2001), was reversed by the early 2000s. In particular, the
equally-weighted annualized idiosyncratic standard deviation of the simple returns to public stocks, estimated
using daily data and the variance decomposition of Campbell et al. (2001) rose to 80% on average in the 1991-
2000 period but came back down to around 60% in the 2000s, and remained in low pre-1990s level in the early
2010s, notwithstanding the temporary spike of the measure during the recent financial crisis. (Brandt et al.,
2010; Lebedinsky and Wilmes, 2018).
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during the 1980s and 1990s (Davis et al., 2006).%°

The conclusions from the analysis above are consistent with estimates of the time vari-
ation in the aggregate returns to private equity in recent years. Kartashova (2014) repeats
in an updated sample the methodology of MV2002 for estimating the premium earned by
private equity over an index of publicly traded stocks using aggregate data from the SCF
(aggregate dividend yield and change in the aggregate market value of private businesses).
This methodology makes several adjustments at the aggregate level, including adjustments
for firm births and for firm exits due to initial public offerings and mergers and acquisi-
tions.%” Kartashova (2014) finds that the aggregate returns to private equity in excess of
the returns to public equity (the CRSP index of publicly traded stocks) were substantially
higher in the 2000s relative to the 1990s. The conclusions are also consistent with those of
Smith et al. (2017), who use U.S. administrative tax data linking pass-through firms to their
owners and find that more than 80% of the increase from 2001 to 2014 in the income of
S-corporations owned by individuals in the top 1% group by income is due to rising prof-
itability per unit of scale (worker) rather than rising scale, strongly suggestive of an increase

in the returns to these firms.

4.6.2 Aggregate risk taking by entrepreneurs and non-entrepreneurs

The model abstracts from sources of return heterogeneity other than entrepreneurship. In
particular, agents in the model, which assumes homogeneous preferences across households
and complete financial markets with respect to aggregate risk, choose an identical propor-
tional wealth exposure O to aggregate risk. In reality, there is large heterogeneity in the
degree to which households take on aggregate risk implicitly or explicitly through their fi-
nancial portfolios and nontradable assets (e.g. their labor income streams), with wealthier
households being significantly more exposed to aggregate fluctuations than poorer house-
holds (see e.g. Parker and Vissing-Jorgensen (2009)). In light of the sizeable risk premia in
financial assets (such as the U.S. stock market) in recent decades, this asymmetry is likely
to be an important source of cross-sectional return heterogeneity. This begs the question of
whether an increase in the aggregate risk exposure of entrepreneurs (i.e. private business
owner-managers) relative to non-entrepreneurs since the 1990s has contributed to the ap-

parent increase in the expected return differential between the two groups of households in

66 Davis et al. (2006) show that the volatility of employment growth rates declined for private firms by about
50 percent between the early 1980s and the late 1990s, in contrast to the increasing trend for public firms over
this period. They also estimate a ratio for the employment-weighted volatility of private firms relative to that of
public firms of 1.6 in 2001.

67This measure of the private equity premium based on aggregate data has two important limitations. First,
the return to the average single private business may be very different from the aggregate return on private
equity, as pointed out by MV2002. Second, the time series for aggregate private equity returns is silent on
changes in the riskiness of entrepreneurial investments.
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recent years.68

To investigate this possibility, I examine some aspects of the portfolio allocation of en-
trepreneurs and non-entrepreneurs in the SCF data. Table A.5 reports the cross-sectional
average share of household gross assets (net worth plus debt) invested in different types
of assets across entrepreneurs and non-entrepreneurs, including within top groups by net
worth. The asset categories are: inside private equity (“private equity” in the table), public
equity, all equity, and all risky assets. Public equity includes all financial investments in
publicly traded stocks, whether held directly, through mutual funds, through IRA accounts,
or other accounts.® “All equity” is the sum of inside private equity, public equity, and out-
side (not actively managed) private equity. The measure of “all risky assets” adds housing,
vehicles and “other non-financial” assets to equity.”®

Table A.5 shows that entrepreneurs have significantly larger shares of their wealth in-
vested in equity and risky assets in general than entrepreneurs on average, both across the
population and within top groups. However, inside private equity accounts entirely for
the larger total equity shares of entrepreneurs and, for top groups, there is a significant
crowding-out of public equity by inside private equity in entrepreneurs’ portfolios relative
to those of non-entrepreneurs in a given wealth group. This crowding-out effect is consistent
with the presence of a premium for inside private equity relative to public equity and need
not imply differences in the risk tolerance between entrepreneurs and non-entrepreneurs.
For example, the model of this paper makes this prediction, under the realistic assumption
that private firms have comparable aggregate risk exposures to those of public firms.”!

Examining the evolution of the portfolio share differentials between entrepreneurs and
non-entrepreneurs, I do not find consistent evidence of an increase in the (aggregate) risk
taking of entrepreneurs relative to non-entrepreneurs across SCF survey waves. In fact,
the estimates of Table A.6 show that the positive difference between entrepreneurs’ and
non-entrepreneurs’ portfolio share of equity (public plus private) appears to have declined
slightly from the 1990s to the 2010s, including within top groups, although the changes are
not statistically significant. There appears to be a meaningful increase in the risky asset
share differential between the two groups within the top 1% group, which is completely

due to housing and takes place from the 2000s to the 2010s. However, the increase is not

68 An interesting possibility is that asymmetric aggregate risk taking can amplify the impact of an increase in
the returns to entrepreneurial activity. For example, if privately-held equity has similar aggregate risk exposure
to that of public equity and if there are frictions making it hard to short public equity, entrepreneurs may have to
indirectly increase their aggregate risk exposure when scaling up their investments to private equity in response
to an increase in the expected returns of the latter.

691 use the SCF Bulletin measure for household-level public equity throughout this analysis, but the conclu-
sions are unchanged under other (narrower or broader) definitions.

70The remaining (non-risky) assets are mainly cash-like assets, bonds (directly and indirectly held), and re-
tirement accounts.

71Recall that inside equity in the model should be interpreted as inside privately-held equity stripped of its
systematic risk exposure.
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statistically significant and is not reflected in the estimates for other top groups.

5 Conclusion

This paper has presented survey-based evidence pointing to an important contribution of the
returns to entrepreneurs, identified empirically as owner-managers of private businesses, to
the increase in U.S. wealth inequality and concentration at the top over the last three decades.
Moreover, an analysis of a calibrated model of entrepreneurship and inequality shows that
an increase in the average return premium to entrepreneurial investments can account for
most of the recent increase in top wealth inequality and is likely to have a protracted impact
on inequality in the future.

An open question for future empirical and theoretical work relates to the structural
forces that have led to the apparent increase in the returns to entrepreneurial and man-
agerial capital and whether these forces will remain relevant in the future. A conjecture is
that these developments are related to the rising importance of intangible investments in the
modern economy. Intangible investments, defined to include software development, R&D,
and investments in process engineering, have overtaken tangible investments as a share of
aggregate firm investment in most developed countries over the last three decades (Corrado,
Hulten, and Sichel, 2006; Haskel and Westlake, 2018). These types of investment are by
their nature less pledgeable and tied to performance of the entrepreneur or manager who
undertakes them. Another possibility is that some entrepreneurs have been able to enjoy a
lower effective tax rate on their business income by exploiting the differential tax treatment

of pass-through legal forms of business organization in the U.S. since the 1980s.
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A.1 Additional Figures and Tables
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Figure A.1: Entrepreneurs Across the Net Worth Distribution

Notes: This figure plots the fraction of entrepreneurs who are in each decile of the net worth distribution across
all households, using the 2016 SCF survey wave.
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Figure A.2: Share of Inside Private Equity in Household Gross Assets Across Net Worth

Quantiles

Notes: This figure displays moments (equally-weighted mean and the 25th, 50th, and 75th percentiles) of the
cross-sectional distribution of the ratio of inside (i.e. actively-managed) privately-held equity over total house-
hold gross assets for different groups of entrepreneurial households. The data are from the 2016 SCF survey
wave. “All Es” refers to the group of all entrepreneurs, while “0-50” refers to the group of entrepreneurs that
are between the Oth and 50th percentile in terms of net worth, where the percentiles are defined across all US
households. The remaining net worth quantile groups are defined similarly.
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Figure A.3: Wealth and Income Top Inequality in the SCF
Notes: This figure plots the net worth share of the top 1% group by net worth over time, as measured in the
SCF and also by the income-capitalization method of Saez and Zucman (2016). The colored bands represent
95% confidence intervals for the SCF estimates based on bootstrap standard errors (see Appendix A.4.3). Gray
shaded areas denote NBER-designated recessions.
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Figure A.4: Decomposition of Top 0.1% Net Worth Share by Entrepreneurial Status over
Time

Notes: This figure plots the share of aggregate net worth held by the entrepreneurs (E) and non-entrepreneurs
(NE) that are part of the top 0.1% group by net worth. The colored bands represent 95% confidence intervals for
the SCF estimates based on bootstrap standard errors. Gray shaded areas denote NBER-designated recessions..
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Figure A.5: Income Factor Decomposition for Top 0.1% and 1% Shares Over Time (Tax Data)
Notes: This figure plots components of the aggregate income of the top 0.1% income group (top panel) and the
top 1% income group (bottom panel) since the 1970s. The data, based on IRS administrative tax data, and the
classification of income based on categories (lines) in US tax returns are from an updated version of the dataset of
Piketty and Saez (2003). The plotted categories do not include realized capital gains. Gray shaded areas denote
NBER-designated recessions.
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Figure A.6: Cross-Sectional Distribution of Annualized Long-Run Excess Simple Business
Returns, 2016 SCF Wave

Notes: This figure plots the probability density function for annualized long-run excess simple private business
returns, conditional on no firm exit (due to business failure, acquistion by another firm, or transition to a public
firm), from the 2016 survey wave. The plot of the probability density estimate uses the unified dataset across
all implicates and a normal kernel function (with bandwidth equal to 3).Only businesses with an
inflation-adjusted cost basis of at least $5,000 and survey-year market value of at least $1,000 are considered.
See Appendix A.4.5 for details on the construction of business-level returns.
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Figure A.7: Cross-sectional Moments of Excess Private Business Returns in the SCF Across
Decades, Conditional on Survival in Private Form

Notes: This figure plots decade averages for the cross-sectional mean of the annualized excess simple returns
and the cross-sectional standard deviation of the annualized excess log returns on private businesses in SCF,

and for the ratio of these measures (Sharpe ratio). Annualized returns are adjusted by a factor of VT, where T
denotes business age, when computing the standard deviation. The errorbars denote 95% confidence intervals.
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Figure A.8: Mean and Standard Deviation of Long-Run Excess Private Business Return

Against Business Age, Conditional on Survival

Notes: This figure plots cross-sectional moments of annualized long-run excess private business returns for
different business age groups at the time of the survey. The top panel plots the equally-weighted mean and the
25th, 50th, and 75th percentiles of excess simple returns, and the bottom panel plots the standard deviation
of excess log returns. The reported moments are averages across the three SCF survey waves in the 2010s.

Annualized returns are adjusted by a factor of VT, where T denotes business age, when computing the standard

deviation. See Appendix A.4.5 for details on the construction of the long-run entrepreneurial business returns
at the household level.
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Figure A.9: Change in Mean and Standard Deviation of Long-Run Excess Private Business

Return Against Business Age, Conditional on Survival (1990s to 2010s)

Notes: This figure plots the change from the 1990s to the 2010s in cross-sectional moments of annualized long-
run excess private business returns for different business age groups at the time of the survey. The top panel
plots the change in the cross-sectional mean of excess simple returns and the bottom panel plots the standard
deviation of excess log returns. Annualized returns are adjusted by a factor of VT, where T denotes business
age, when computing the standard deviation.
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Top 1% Share By Es By NEs Top 1% Share By Es By NEs

Level, 32.23 21.98  10.25 14.97 9.25  5.72
90s (0.60) (0.80)  (0.66) (0.64) (0.69)  (0.42)
Change, 0.86 -0.43  1.29 4.54 124 3.30
90s — 00s (0.71) (1.06)  (0.92) (0.94) (0.85)  (0.89)
Change, 3.02 313 -0.11 0.61 121 -0.60
00s — 10s (0.56) (1.03)  (0.90) (0.89) (0.74)  (0.98)
Change, 3.88 270 1.18 5.15 245  2.70
90s — 10s (0.73) (1.10)  (0.92) (0.85) (0.88)  (0.73)

Table A.1: Decomposition of the Increase in the Top 1% Net Worth and Income Shares By
Group

Notes: This table reports the decomposition of the top 1% share (in percentage point format) and its increase
by group, entrepreneurs (E) and non-entrepreneurs (NE), for net worth and income from the 1990s to the 2010s.
The top 1% group is defined using household rankings with respect to net worth and income, respectively.“Share
by Es” refers to the share of aggregate net worth or income held by the entrepreneurs that are part of the top
1% group. For all rows, the components of each decomposition sum to the total inequality level or change. SCF
standard errors are reported in parentheses.

Net Worth Income
Top 0.1% Share By Es By NEs Top 1% Share ByEs By NEs

Level, 12.02 8.79  3.24 6.03 417  1.86
90s (0.41) (0.48)  (0.35) (0.58) (0.57)  (0.28)
Change, -0.47 -0.55  0.08 1.40 -0.47  1.87
90s — 00s (0.50) (0.61)  (0.49) (0.78) (0.67)  (0.67)
Change, 1.91 2.15  -0.24 0.23 1.09  -0.85
00s — 10s (0.51) (0.63)  (0.47) (0.69) (0.56)  (0.78)
Change, 1.44 1.60  -0.16 1.64 0.62  1.02
90s — 10s (0.59) (0.70)  (0.48) (0.74) (0.72)  (0.57)

Table A.2: Decomposition of the Increase in the Top 0.1% Net worth and Income Shares By

Group

Notes: This table reports the decomposition of the top 0.1% share (in percentage point format) and its in-
crease by group, entrepreneurs (E) and non-entrepreneurs (NE), for net worth and income from the 1990s to the
2010s. The top 0.1% group is defined using household rankings with respect to net worth and income, respec-
tively.“Share by Es” refers to the share of aggregate net worth or income held by the entrepreneurs that are part
of the top 0.1% group. For all rows, the components of each decomposition sum to the total inequality level or
change. SCF standard errors are reported in parentheses.
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R
Net Worth  36.11 24.69 11.43 45.21 54.61 20.84
Non-Bus 30.30 16.44 13.85 33.67 48.82 20.84
Bus 63.72 63.72 0.00 100.00 63.72
Income 20.12 11.70 8.42 27.43 4255 11.62
Labor 13.55 5.30 826 2245 23.62 10.67
Capital 35.63 27.33 8.30 40.36 67.68 13.93
Population 1.00 0.63 0.38 11.43 553 043

Table A.3: Top 1% Share Decomposition by Group

Notes: This table reports the decomposition of the value share of the top 1% by group, entrepreneurs (E) and
non-entrepreneurs (NE), for several key variables, where the top 1% group is defined with respect to total net
worth for rows 1-3 and 7 (net worth and its components, and population) and with respect to total income for

rows 4-6 (income and its components). Business net worth refers to inside (actively-managed) private equity
and non-business net worth refers to all other components of net worth. The decompositions for labor and
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capital income are reported after an adjustment for the unpaid labor of self-employed entrepreneurs, detailed

in Appendix A.4.4. All estimates are averaged over the three latest survey waves (2010, 2013, 2016) and are

reported in percentage point format.

Top 1% Income Share

Total Labor Capital Other
by Es by NEs by Es by NEs

Level, 14.97 6.24 3.57 2.67 8.55 5.56 2.99 0.19
90s (0.64) (0.34) (0.29) (0.30) (0.66) (0.64) (0.31) (0.05)
Change, 454 244 042 2.02 2.19 0.89 1.29  -0.08
90s — 00s (0.94) (0.57) (0.45) (0.52) (0.93) (0.73) (0.70) (0.07)
Change, 0.61 036 -0.47 0.83 -0.21 1.60  -1.81 0.46
00s — 10s (0.89) (0.67) (0.45) (0.67) (0.82) (0.57) (0.69) (0.24)
Change, 515 2.80 -0.04 2.84 1.97 249  -0.52  0.38
90s — 10s  (0.85) (0.60) (0.41) (0.59) (0.83) (0.78) (0.42) (0.24)

Table A.4: Decomposition of the Increase in the Top 1% Income Share by Factor and Group

Notes: This table reports the decomposition of the top 1% share and its increase by group, entrepreneurs
(E) and non-entrepreneurs (NE), for both labor and capital income from the 1990s to the 2010s. Household-
level estimates of labor and capital income are adjusted for the unpaid labor if self-employed entrepreneurs, as
discussed in the text and detailed in Appendix A.4.4. The top 1% group is defined using household rankings

with respect to total income.
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Entrepreneurs Non-Entrepreneurs
Equity Risky Assets ‘ All Equity Risky Assets
Private Public All ‘
All 23.2 10.2  34.0 83.6 9.4 75.5
(0.4) (0.3) (0.5) (0.3) (0.1) (0.2)
Top 1% 38.3 17.7  59.5 84.3 42.7 68.5
(1.8) (1.2) (1.5) (1.0) (2.0) (1.9)
Top 0.1% 47.4 16.6  69.5 85.9 48.8 74.6
(2.7) (1.6) (2.2) (1.2) (3.9) (2.9)
Top 0.01% 53.6 18.3 75.2 86.2 70.6 82.8
(4.8) (3.5) (3.2) (2.9) (6.2) (4.6)

Table A.5: The Portfolio Allocation of Entrepreneurs and Non-Entrepreneurs, 2010s
Notes: This table reports the cross-sectional average of the fraction of household gross assets held in different
types of risky assets for different groups of households. See the text (Section 4.6.2) for details on the asset
categories. Top groups are defined using household rankings with respect to household net worth. All estimates
are averaged over the three latest survey waves (2010, 2013, 2016) and are reported in percentage point format.
SCF standard errors are reported in parentheses.

Equity Risky Assets

1990s 1990s — 2010s 1990s 1990s — 2010s
All 25.6 -1.1 6.9 1.3
(0.6) (0.7) (0.6) (0.7)
Top 1% 18.3 -1.5 11.3 4.6
(3.2) (4.0) (2.5) (3.3)
Top 0.1% 23.7 -2.9 12.4 -1.1
(4.8) (6.6) (5.7) (6.5)
Top 0.01%  22.0 -17.5 13.2 -9.8
(7.3) (10.2) (7.8) (9.6)

Table A.6: Change in Portfolio Share Differentials Between Entrepreneurs and Non-

Entrepreneurs

Notes: This table reports the level in the 1990s and the change from the 1990s to the 2000s in the difference
between entrepreneurs’ and non-entrepreneurs’ cross-sectional average of the fraction of household gross assets
held in equity (“All Equity” in Table A.5) and in risky assets, for different groups of households by net worth.
All estimates are reported in percentage point format. SCF standard errors are reported in parentheses.
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A.2 Group Decomposition of the Top 1% Group for Several Variables

Table A.3 shows a decomposition of the top 1% share for several variables by entrepreneurial

status:

T=TF 4 TN

= ¢ T +(1-¢")T", (40)
where T is the aggregate value share of the top 1% group, TF (TNE) is the aggregate value
share of the entrepreneurs (non-entrepreneurs) that belong to the top 1% group, ¢* is the
aggregate value share of entrepreneurs (reported in Table 1), and T (TNE) is the aggre-
gate value held by entrepreneurs (non-entrepreneurs) in the top 1% group expressed as a
share of the aggregate value of all entrepreneurs (non-entrepreneurs). The latter measure
can be interpreted as a measure of concentration at the top within each subpopulation of
households.”?

The group decomposition for the 2010s, reported in Table A.3, offers several insights on
top inequality. First, net worth and capital income are more concentrated at the top relative
to labor income (and thus total income); the top 1% net worth (income) groups own 36%
of aggregate net worth (capital income), while the top 1% income group owns only 14%
of aggregate labor income. Inside private equity in particular is extremely concentrated at
top with the entrepreneurs in the top 1% group by net worth holding 64% of aggregate
inside private equity. (By definition, only entrepreneurs hold inside private equity.) Second,
entrepreneurs within the top 1% groups hold a larger fraction of aggregate net worth and
capital income relative to non-entrepreneurs (25% for Es relative to 11% for NEs), while
non-entrepreneurs hold a larger fraction of labor income (8% for NEs relative to 5% for Es).
Third, the degree of within-group top inequality as proxied by the measures T.f and TN*
is larger for the group of entrepreneurs for all variables. The results are quantitatively very
similar for the unadjusted factor decomposition of income (see the discussion of Section and
Appendix A.4.4).

A.3 Group and Factor Decomposition of Household Income

The trends in top income inequality are more complex relative to those for net worth in-
equality discussed in Section 2.3 due to the importance of labor income. An appropriately
capitalized version of the total current and future labor income stream of households is a key
component of the total economic wealth of households that is missing from the conventional

measure of net worth (net assets). Table A.4 decomposes the top 1% income share by factor

72For all variables, the top 1% group is constructed using the rankings of households with respect to total net
worth or income, not the rankings with respect to the corresponding wealth or income components.
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and, additionally, by group within each factor. It shows that labor and capital income each
account for roughly half (60% for labor and 40% for capital, excluding the “other income”
category) of the increase in top income inequality since the 1990s.”3

Further, Table A.4 shows that the increase in the labor income of the top 1% income
group mainly occurred during the 1990s and almost exclusively through non-entrepreneurs.
In contrast, the increase in capital income is exclusively due to entrepreneurs and has mostly
taken place since 2000. Another important development is the collapse of the capital in-
come of non-entrepreneurs following the Great Recession of 2007-2009, which resulted in
an overall decline of the total income of non-entrepreneurs from the 2000s to 2010s (see the
last column of Table A.1) and a slight decline in the total capital income of the top 1% group
(see the fifth column of Table A.4). The capital income of entrepreneurs in the top group in
fact fell by the same amount (2.3 percentage points of aggregate total income from the 2007
survey to the 2010 survey), but the decline was not enough to reverse the sustained increase
in the capital income of this subgroup over all other three-year time periods from 2001 to
2013.

An analysis of US tax data also suggests that an important shift in the composition of
top income inequality and its increase occurred around the early 2000s, as emphasized by
Guvenen and Kaplan (2017). Figure A.5 plots the components of the income of the top
1% and 0.1% groups by income over time, using the classification of pre-tax income into
wage income (wages, salaries, and bonuses, including exercised employee stock options),
financial income (interest income, dividends, and rents) and business income (referred to as
“entrepreneurial income” in Piketty and Saez (2003)), the latter category defined to include
the profits of partnerships, sole proprietorships, and type-S (pass-through) corporations,
and royalties. The secular trends based on tax data are qualitatively consistent with the
results of the analysis based on the SCFE. Figure A.5 shows that the growth in the wage income
for the top groups has stopped or even reversed since 2000 (certainly so for the top 0.1%
group), while business income has experienced an unabated and sustained increase since
the 1980s up until the end of the data series in 2015, with a significant uptick in the early
2000s. Income classified as financial income also experienced a similar uptick in the 2000s,
but that was reversed in large part during the Great Recession of 2007-2009, consistent with
the decline in the capital incomes of both entrepreneurs and non-entrepreneurs in the SCF

data discussed above.

73Table A.4 shows that the contributions of labor and capital income to overall income inequality are of com-
parable magnitudes, both in levels and in changes over time. This is perhaps surprising both for the level decom-
position, given the much larger share of labor income in total income (70% in the 2010s), as well as the change
decomposition, given the decline in the labor share. The explanation for the former observation is that capital
income is in general much more unequally distributed than labor income, and the reason for the latter is that
the decline in the labor share over the last 30 years was accompanied by a large increase in within-labor-income
inequality.
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Taking stock, the present analysis based on SCF data suggests a compositional change
in top income inequality and its increasing trend, from within-labor-income inequality in
the 1990s to within-capital-income inequality since the early 2000s, a change confirmed by
existing analyses based on tax data. Moreover, the group decomposition of top income and
net worth inequality strongly suggests that the increase in capital income and net worth
inequality at the top is primarily due to entrepreneurs and thus due to increasing returns
to actively-managed forms of capital investments, as opposed to “passive” financial invest-

ments, to which all households have access regardless of entrepreneurial status.

A.4 Additional Details on SCF Data Analysis
A.4.1 Sample Selection Design

The SCF employs a dual-frame sample selection design incorporating an area-probability
sample, which provides good information on financial variables that are broadly distributed
in the population, and a special list sample selected from a sample of recent tax records.
The list sample oversamples households that are more likely to be wealthy, thus providing
superior information on financial variables that are highly correlated with wealth, such as
business assets, ownership of stocks, and real estate investments. As with other surveys, re-
sponse rates for the SCF have fallen in recent years, a problem affecting the wealthy oversam-
ple in particular. Changes in the survey design have been implemented recently to address
this issue (Bricker, Henriques, and Moore, 2017).

A.4.2 Bulletin Measures of Household Assets and Income

The SCF Bulletin measure of household gross assets is the sum of all financial assets owned
by the households, including directly-held stocks and bonds, transaction accounts, mutual
funds, life insurance, annuities, trusts, and quasi-liquid retirement (IRA and Keogh) ac-
counts, and of the household’s non-financial assets, which include real estate, vehicles, and
actively and non-actively managed private business equity (including net loans from the
household to its business). The net worth measure subtracts from the gross assets measure a
measure of the value of the household’s total debt, including mortgages, collateralized and
non-collateralized loans, and credit card debt.

The net worth measure, constructed using all available information in the survey, misses
two important components of US household wealth relative to the economically preferable
concept of total non-labor wealth that includes all assets, net of liabilities, over which a
family has a legal claim that can be used to finance its present and future consumption:
defined-benefit (DB) pension wealth (which has grown in importance in recent years) and
the wealth of the members of the Forbes 400 list of wealthiest individuals, which are by de-

sign excluded from the survey. Bricker et al. (2016) argue that accounting for these missing
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components via macro-level imputations leaves the usual measures of wealth concentration
at the top of the distribution largely unchanged, with the addition of DB pension wealth
pushing them down and that of the Forbes 400 wealth pushing them up.

SCF total income largely corresponds to the IRS measure of income, but also contains

certain non-taxable sources of income.

A.4.3 Statistical Inference in the SCF

The SCF employs a multiple imputation technique to deal with the issue of missing or in-
complete information in households’ responses. In particular, five distinct observations
called implicates are provided in the data for each household surveyed. Any missing val-
ues for the household are replaced with five values generated to simulate the conditional
sampling distribution of the missing values.

To properly analyze the data, one must use repeated-imputation inference (RII) tech-
niques (Rubin, 1987; Montalto and Sung, 1996). RII requires that separate analyses be per-
formed on each of the five data sets corresponding to the five implicates. Specifically, the
best point estimate for a statistic is constructed as the average of the five separate point esti-
mates computed in each of the five data sets. An estimate of the total variance of the overall

point estimate is given by the formula:

1
2_ 2 2
0" = Oyithin T (1 + a)abetween’ (41)
where U‘iithm is an estimate of within-imputation variance, or an estimate of the sampling

variance of the point estimate within an implicate dataset, and aﬁetween is between-imputation
variance defined as the sample variance of the set of the five point estimates. 1+ 1/m, where
m =5 is the number of implicates, is an adjustment factor for using a finite number of im-
plicates.

To obtain good estimates of within-imputation variance, capturing uncertainty due to
sampling variability and taking into account the survey sample design, the SCF group at the
Fed makes available a set of 999 bootstrap replicate weights for the first implicate of each
raw observation. These weights are produced using the same sample selection techniques
used to choose the actual survey sample.”* The sampling variance of the point estimates
across these replicates is then an estimate of Gv%zithin'
Confidence intervals at the 100 - a significance level are constructed as

x+t,(a/2)o, (42)

74These techniques are not fully disclosed publicly, which is why the SCF group directly provides these repli-
cate weights.
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where x denotes the point estimates and t, (a/2) is the 100 - /2 percentile of the student ¢

distribution with v = (m—1)(1 + 1/rm)2 degrees of freedom, where

2
_ (1 + 1/1’11) Opetween (43)

Yy = >
Owithin

is the relative increase in variance due to non—resporlse.75

To compute statistics involving estimates from different survey waves, such as decade
averages or relative changes over time, I use the standard Gaussian rules for the propagation

of uncertainty, which assume that sampling errors are uncorrelated across survey waves.

A.4.4 Imputation of Labor Income for Self-Employed Entrepreneurs in the SCF

The starting point for the factor decomposition of pre-tax income at the household level
are the reported components of pre-tax household income through a series of survey ques-
tions that closely follow key lines in the IRS personal tax return, Form 1040. In particular,
my pre-adjustment measure of labor income is reported wage and salary income (which in-
cludes bonuses). My pre-adjustment capital income consists of the following categories: sole
proprietorship and farm income; rental real estate, royalties, partnerships, S corporations,
trusts etc.; realized net capital gains; tax-exempt and taxable interest income; dividend in-
come, ordinary and qualified; Social Security, pensions, annuities etc. A third category of
“other income” includes the remaining categories, mainly transfer income: unemployment
and worker’s compensation; child support, alimony; welfare transfers (TANF, SNAP tec.);
any other sources.

I perform a regression-based imputation of the labor income of self-employed entrepre-
neurs who report that they are not paid regular wages. The method follows Moskowitz and
Vissing-Jorgensen (2002) and is similar in spirit to the methodology of the Bureau of Labor
Statistics for calculating its estimate of the labor share. It makes use of the work hours in a
year reported for all households in the SCF, including the unpaid entrepreneurs, and a pre-
dicted estimate of the hourly wage of the unpaid entrepreneurs based on a regression of the
log hourly wage of employed households (separately for the household head and partner) on
demographic characteristics (age, education, and gender).

My post-adjustment measure of labor (capital) income is wage (capital) income plus (mi-
nus) the imputed labor income of self-employed entrepreneurs reporting zero wage income.

My estimate of the labor share (pre- or post-adjustment) is aggregate labor income di-
vided by the sum of aggregate labor income and aggregate capital income, that is, I ignore

the “other income” category.

75For most statistics in the SCF the degrees of freedom are large enough that the corresponding t distribution
essentially coincides with the standard normal.
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A.4.5 Construction and Further Analysis of Long-Term Private Business Returns in the
SCF

For each household, I consider its primary business with the largest inflation-adjusted cost
basis. I construct the annualized long-term return to this business as the sum of a measure
of annualized capital gains over the life of the business and an estimate for the average
dividend yield of the business.

For the latter return component, I use the time average (across survey waves) of the aggre-
gate dividend yield of inside private equity, which is 8.9%. The aggregate dividend of inside
private equity for a given survey year is constructed as the aggregate net income (profit) of
all private businesses, adjusted for the share of each business owned by a managing house-
hold, for corporate taxation,’® for retained earnings (a uniform 30% earnings retention rate
for all businesses), and for the imputed labor income of self-employed entrepreneurs who
do not report regular wages (see Appendix A.4.4).”7

To construct a measure of the capital gains component of the return I take the reported
cost basis as the value of the original investment and the reported current market value of
the business (multiplied the share owned by the household) as the current price. I then
compute the geometric-average annualized capital gains rate taking into account the age of
the business. Businesses with an inflation-adjusted cost basis of less than $5,000 or survey-
year market value of less than $1,000, in 2016-equivalent US dollars, are excluded from
the sample throughout the analysis in order to avoid data outliers due to artificially large
capital gains or extremely negative log returns (for businesses with near-zero survey-year
market value), respectively.

Appendix Figures A.8 and A.9 display levels and changes in conditional cross-sectional
moments for different age groups of firms. Figure A.8 displays the term (firm age) structure
of estimate moments of one-year-ahead private business returns for 5-year age groups, while
Figure A.9 plots changes in these moments from their average levels in the 1990s to their
average levels in the 2010s. The top panel of Figure A.9 shows that the increase in average
returns is mainly driven by the youngest firms (up to 20 years old), confirming that the
increase is a relatively recent phenomenon.”® The bottom panel of Figure A.9 shows that the
change in the estimated standard deviation from the 1990s to the 2010s is not statistically

significant at the 5% level for almost all age groups and the estimate of the change is negative

761 assume a uniform 30% corporate tax rate if the business is a non-S corporation. I impute the legal classi-
fication of non-primary businesses (in the SCF the legal form is reported only for the first two or, prior to 2010,
the first three businesses) based on the legal classification of the primary businesses. If the legal classification of
the primary businesses is “mixed”, that is, if at least one business is pass-through and at least another one is a
non-S corporation, I assume all remaining businesses are non-S corporations.

77 All income data in the survey are in fact for the year preceding the survey year.

780n average across the three survey waves in the 2010s, about 29% of firms in the sample are of age 1-5 years,
19% are of age 6-10, 15% are of age 11-15, 10% are of age 16-20, 8% are of age 21-25, and the remaining 19%
are older than 25 years.
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for most age groups. Similar conclusions follow when looking at other indicators of the

riskiness of the return distribution, such as higher cross-sectional moments.

B Model Supplement

This appendix contains supplemental material on the model of Sections 3 and 4. Section B.1
contains additional figures and tables related to the analysis of Sections 3 and 4. Section B.2
contains additional exposition, details, and results on the model of Section 3. The proofs of

the lemmas and propositions of Sections 3 and B.2 are located in a separate appendix, D.

B.1 Additional Figures and Tables
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Figure B.1: Top-Weighted Average Wealth When Wealth Follows An Exact Pareto Distribu-
tion
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Notes: This figure plots the scaled cross-sectional distributions (probability density functions) for the log relative
wealth of Es and NEs in the original steady state of the model, calibrated to fit inequality moments from the

1990s (see Section 4).

1990s — 2010s | 1990s — 2030s 1990s — 2030s
no reversal reversal
E share, ¢ +2.8 +4.7 +1.7
Top-wgt E share, ¢%(1.3) +3.6 +6.4 +1.8
Top 1% share +3.4 +6.3 +2.8
Top 0.1% share +1.8 +3.7 +1.5
Top 10% share +3.7 +5.8 +2.3

Table B.1: Future Change in Inequality Under the Baseline Model Calibration

Notes: This table reports the cumulative change in the top inequality moments targeted in the calibration from
the 1990s to the 2030s (39 years of transition) under two scenarios: fully permanent structural shifts (column
2); and full reversal of the shifts at time #; = 2013.
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B.2 Supplement for Section 3
B.2.1 Optimal Agent Policies

Proposition B.1 (Optimal Policies). Let U® = (exp(v*)W)' ™7 /(1 — y) denote the equilibrium
lifetime utility of an agent of type s € {E, NE} with wealth W.

Then the optimal consumption and bequest (annuity) policies are characterized by consumption-
wealth ratios ¢® = C;/W;; and bequeathed-to-surviving-wealth ratios wj, = Wp;/Wj = (1 -

Tp)(1 - 6},) given by: ,

¢’ =(p+w)¥exp((1-)°)), (44)
_ " N
v, :(11 _Tf VD) exp((1-P)v°). (45)

The optimal wealth exposure to the (after-tax) liquid financial asset return is the same for all

agents,
(1-7)0p=—=, (46)

and the optimal wealth exposure of entrepreneurs to the (after-tax) inside equity return is

TC
0F =(1-1)6% = 72 (47)

B.2.2 Wealth Dynamics

This section states the results for the general case with bequests, Vp > 0 and thus wp(s) > 0
for s e {E,NE}.
The aggregate wealth growth rate g; and the average wealth growth rate across surviving

households g; satisfy:
=0t iy + (1= @ " (48)
8 =8 —w(l-—wp—wpy), (49)
where wp; = gofwg +(1 —(pf)ng.
The log relative wealth of surviving E and NE households evolves according to
dwk = (,7; _ (GE)2/2)dt L 0FdzZ, (50)

dwlF =NEat, (51)
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where
ﬁ‘f:y{fv—gt:yf+w(l—wL—th) (52)
']Zi\]E:y%E—gt:ny+a)(l—wL—th). (53)

As in the main text, uf = uf, - g and p'F = pl\F — g, are the mean excess wealth growth rates
of surviving Es and NEs, respectively, relative to the average growth rate of all surviving
households.

The log relative wealth of a newborn household i of type s; with permanent log relative
labor earnings draw [; whose parent household j has log relative wealth w; at the time of its

death, is given by

wir = h(wj,L;,s;) = log (wp (s;) exp(wj;) + wy exp(L;)). (54)

Standard arguments imply that the dynamics of the cross-sectional distributions of log
relative wealth across E and NE households, fF(w) and fNE(w), satisfy the following Forward

Kolmogorov equations:

dfE(w 1 , 1 ,
) o — S0P PP )+ 5 (0P £ )+ 9N FYE ) (F + ) £ )+ B L)
(55)
AF7 ) _ GV FNE () 4 vE FE(w) - (N + )V ) + 0BVE £V ) (56)
dt - i ’
where the functional operator B® for s € {E, NE} is defined as
. fi’ (w—log(wy)) if wp(s)=0
B {f }(w) = - exp(w—ﬁ(w,l,s)) s ’-’:{ l s l dl f 0 (57)
fl<w—log(wL) mSwp(s) f ( (w’ ’S))fi( ) 1 wD(S) > U
Here, mNE =1 —mF, and function ﬁ(w, l,s) is the inverse function of h(w,1,s) (with respect to

the argument w),

h(w,1,s) = log(exp(w) — wy exp(l)) —log(wp(s)). (58)

The Forward Kolmogorov equations for the equilibrium labor earnings distributions are:

E
_df;t(l) = vNEANE(D) = (vF + ) fE(1) + wfE(1) (59)

NE
(1) =vEFED) - (NE+ @) V() + w fNE(D). (60)

dt
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For notational simplicity, I omit the dependence of the cross-sectional distributions on
time in equations (55)—(57) and (59)—(60), as I also do in equations (90)—(91) describing the
law of motion for top-weighted average wealth.

Lemma B.1 (Labor Earnings Inequality in Steady State). In steady state, the equilibrium dis-
tribution of log relative labor earnings across all surviving households, fi(1), coincides with that of
log relative labor earnings across newborn households, fi(1).

The steady-state top-weighted labor earnings share of Es is given by

w(pf(C)/mE + yNE /i

Pr(C)=m" , (61)

w+ vNE/mE
where pF(C) = fexp(Cl)flE(l)dl/fexp(Cl)fL(l)dl is the top-weighted labor earnings share of new-
born Es relative to all newborn households.

Although distributions fj(I) and f;(I) coincide in steady state, this is not true in general
for the type-specific distributions, f*(I) # f;’(I) for s € {E, NE}, because of churning between
the two types.

Proposition B.2 (Top-Weighted Moments). Consider the general case with bequests. In steady
state, the top-weighted aggregate wealth share of entrepreneurs @F(C) and top-weighted average
wealth F (C) satisfy

wi (FCVF €)@+ vNE/mE)pf (C)/mE + (1 = wf (A(C)/F (€)) vNE/mE

E(r\ . ,.E
and
FO~ L5 (63)
( )~m 1(C),
where
M) =0 (1-C(1 = wp —wpy) - (wh) ) + vNE/mE — uFC—(0F)’C(C - 1)/2 (64)
AVE@) =0 (1 - C(1 —wp —wpy) = (wh ) ) + vNE/mF — pNEC, (65)
and

Q) = A5Q)@F () + ANE@)(1 - @F (0) - vNE/mE
= CL)(l — C(l -wg _th) _(PE(C)(U/]%)C _ (1 _(pE(C))(ng)C)

P () - " 2
—MEWC—QE(C)(QE) C(Cc-1y2 (66)
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Equations (62) and (63) hold exactly for C = 1 and approximately so for C close to 1.

Proposition B.3 (Pareto Tail in Steady State). Consider the general case with bequests. The
results of Proposition 2 still hold, but with functions AF(C) and ANE(C) defined as in equations
(64) and (65).

Proposition B.4 (Speed of Transition). Consider the general case with bequests. In response
to permanent and unanticipated structural shifts, the top-weighted wealth share of Es evolves

approximately as

dQDdEt(C) ~—sE(@Q)pF )+ vNE +wa}f(C)/~7:t(C), (67)

with approximate speed of transition

st (C) = AF(0) + wwy O/ F(C) = M(Q), (68)

where A\E(C) and A(C) are given in equations (64) and (66).

The convergence rate for Es’ aggregate wealth share is:
AF =25 (1) = 0(wp - (1 - of Ywh —wiF)) + vNE/mF - uf, (69)

which is decreasing in entrepreneurial persistence and in the mean excess wealth growth rate of

entrepreneurs, yf .

C Epstein-Zin Preferences with Bequests: Characterization and

Derivation

This appendix introduces an extension to the continuous-time version of Epstein-Zin (EZ)
preferences (the Kreps-Porteus case of the stochastic differential utility class of Duffie and
Epstein (1992)) that allows for utility from bequests in settings where agents are subject to
random times of death. Section C.1 introduces the specification, Section C.2 formally derives
it as the continuous-time limit of a natural extension of discrete-time EZ preferences. The
optimal policies implied by this specification for the setting of the model of Section 3 are

given in Proposition B.1.

C.1 Preference Specification

Households die stochastically at a Poisson rate w. They derive utility from their own con-
sumption stream as well as from the level of wealth bequeathed to their offspring.

The lifetime utility U;; of household i over its consumption in case of survival [Ci;];>
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and its bequeathed wealth in case of death [Wp;,],>; is defined recursively through

T—00

Ui = E; [‘[ f(Ciz, Upir, Uir)dt + lim Ui’c]l (70)
t

where felicity function f is given by (under y, 1, 1 # 1)

1 _ _ 9 3 3
f(C,Up,U)= m[(pm)cl A=) e ((1-7)Up) (1=p)U)
—(p+w(1+VD%))(1—y)U]. (71)
Here, the utility from bequeathed wealth and the composite parameters are defined, respec-
tively, as
1-y
W
Un, = /9 Dt , (72)
Dt D 1— y
and
1-1
d= /1,[1, (73)
1=y
~ 1-1/9
d= /1[) (74)
1=y

Parameters p, y, and 1 denote the rate of pure time preference, the coefficient of rela-
tive risk aversion, and the elasticity of intertemporal substitution (EIS), respectively, as in
the standard EZ preference specification. Specification (70)- (74) introduces two additional
exogenous parameters: the marginal value from bequeathed wealth Vp > 0 (with Vp =0
corresponding to no bequest motive), and the elasticity of intergenerational substitution of
consumption 1?5

In equation (70), consumption C;, denotes the household’s consumption flow at time 7
conditional on survival up to time 7, while Up,, is the level of wealth bequeathed to the
agent’s offspring conditional on death taking place exactly at time 7.”%

Section C.2 shows that specification (70)- (74) is the continuous-time limit of a contin-
uum of discrete-time optimization settings, indexed by period duration A > 0, in which the

agent’s utility Ut(A) is defined recursively through

1-1/¢

1-1/ n 1-1/¢ 3 I T
_ —~ _ — 1-1
v (<1—nD<A>vD>Ut+A<A>1 “hnD(A)vDWD,M) ﬂ } ,

Ui(A) = {(1 —B(A)C, T + BA)E,

(75)

79Formally, the expectation in (70) is taken with respect to all events other than the household’s random time
of death.
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where

B(A) = exp(—(p + w)A) (76)
tip(A) =1 —exp(-wA). (77)

The utility of specification (70)- (74) corresponds to the limit

U, (A7
U, = tim 2187
A—0 1 4

C.1.1 Special Cases
When ) =1, i # 1, the felicity function is given by

wVp 1-1/¢ 1-3
—W 1-y)U
—1/g P (1=y)U)

_(thlog((l—y)U)+ @ ~)(1—7/)U. (79)

f(C,Up,U) =(p+ w)log(C)(1 - y)U +

When ¢p 21, =1 and Vp >0,

pt+w

:mC“W (1= U)'" + wVplog(Wp)(1 - y)U

f (C, UDI U)

—(1p_+17 + wVplog((1 —y)U)U). (80)

When =1, =1,and Vp >0,

f(C,Up,U) =(p+w)log(C)(1-y)U +wVplog(Wp)(1-y)U
—(p+w(1+ Vp))log((1-y)U)U. (81)

Finally, the simple case y = 1/1 = 1/1 corresponds to time-separable power utility with

bequests:
— 1-
clr w7

Ut:ft exp(-{p +o)ls =) £ + Vo 12|

(82)
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C.1.2 Transversality Condition

A transversality condition must hold in any equilibrium to ensure that the agent’s lifetime

utility and policy functions are well-defined (finite):5°

lim exp(-(p + w) (7 — 1)) [Ui] = 0, (83)

T—00
where U;; is the household’s utility under the optimal consumption stream (the value func-
tion), U;; = max Uj;.
C.2 Derivation

Proposition C.1. Assume that the continuum of discrete-time optimization settings given by
equations (75)—(77) and indexed by period duration A > 0 satisfies the following condition:

i EelUeea ()71 - Uy(a)
AN A

exists and is finite.

Then,
U, (A7
lim &

- U, 84
A—0 1—’)/ t ( )

where U, satisfies the recursive definition of equations (70)— (74).

Proof. To Be Added. O]

80The limit in (70) is zero only under the stronger transversality condition lim;_, [E; [Ui7|tiD = oo] = 0. See

the appendix to Duffie and Epstein (1992) written by Dulffie, Epstein, and Skiadas on this point. However, a
weaker transversality condition of the form of (83) suffices for the validity of the equilibrium.



D PROOFS 82

D Proofs of the Analytical Results of Sections 3 and Appendix B.2

Proof of Proposition B.1. Applying Ito’s Lemma on the conjecture for the value function U =
(exp(vS)W)lfy /(1 —y) when the agent is of type s € {E, NE}, we have

du _dw 1 22 a2 wi-r
a0 w 371" (6 +06%)dt +

[exp((1—y)v™°) —exp((1—y)v*)]dF;, (85)

where —s refers to the other type and F} is a Poisson counting process governing the transi-
tion from type s to type —s.
The Hamilton-Jacobi-Bellman (HJB) equation is

0=max f(C,Up,U)+E;[dU], (86)

where the felicity function f is given by (71). Dividing (86) by (1 —y)U and rearranging, we
obtain the HJB for type s as

p+a)(1+VD%) p+w y
prott+¥oy) _ PO e s
1-1/y Wl Toipy P11/

i —ai/v,'BVD [(1—p)(1 - Bp)]" ¥ exp(~(1 - 1/§)v")

+ (1 —T)(Tf + Q)GD + T(BQB + ]lS:Eleez) —Ccw

S

1 v
—5y(1=0X(05+07) + 5

[exp((1 =)™ = %)) 1] (87)
The first-order condition (FOC) with respect to the consumption-wealth ratio cw is
(p+w)ew P exp(-(1-1/p)°) =1, (88)

which yields (44).
Using wp = (1 —1p)(1 — Op), the FOC with respect to the fraction of wealth invested in

the annuity asset O can be written as

V(1 - tp)wi’? exp(—(1 - 1/§)0*) = (1 - 1), (89)

which yields (45).
Optimal policies (46) and (47) follow immediately as the FOCs with respect to 65 and
07, respectively. O]

The proofs of the propositions regarding the long-run level and dynamics of inequality
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use the following lemma:

Lemma D.1 (Law of Motion for Top-Weighted Average Wealth). Top-weighted average wealth
across E and NE households, FE(C) and FNE(C), evolves over time according to

P C) —_(RE(Q) vV FED) + WEFNE(D) + B (D) (90)
% =~ (ANEQ) ~vE) FNEQ) +vEFE ) + BN (D), (91)
where
AL(Q) = 0+ yNE/mE T~ (05)20(C - 1)/2 (92)
ANE(C) = w+ vNE/mFE - aNEC, (93)
and
wi F¥(0) if wp(s)=0

B5(C) = BS{FS)(Q) =
(€) {f*}0) %flJwexp(Ch(W;lfs))fs(w)ff(l)dwdl if wp(s) >0,

forse{E,NE}.

Proof of Lemma D.1. The proof uses the following assumption on the equilibrium probability
density functions fF(w)and fNf(w):3! Let v(w) be an arbitrary bounded and twice differen-

tiable function; then the integrated conjuncts vanish,

(7 - 307 7) ) - 3072 £ oty + 5@ '] =0 (99)
[N E@pw)]| " =0 (96)

Multiplying the FK equations (55) and (56) by exp(Cw) and integration from —co to +oo,

81This integrated conjunct assumption is in fact necessary for the Forward Kolmogorov equations to hold, as
it ensures that the backward and forward Kolmogorov operators are formal adjoint operators. See any text on
stochastic processes, e.g. Hanson (2007). It essentially requires that the density functions decline to zero fast
enough as w — +oo0 and as w — —oo so that the cross-sectional distributions are convergent.
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we get

E +00 +oo
T (7= 50%2) | espunPuidu 3057 | exp(cu)® widu

dt 2 —00 —00
+WNEFNEQ) - (vF + @) FF(0) + f exp(Cw)B"{f (w)}dw (97)
Py f 7 exp(Cu) N (i + vEFE(D) - (Y + o) FVE(Q)
+CUJ-3XP(CW BNE fNE( }dw (98)

Using integration parts and condition (95) with v(w) = exp(Cw), the first two terms on
the right-hand side (RHS) of (97) equal

1 1
(7 - 5052 )CFE(0) + 5052 FE Q) (99)
Similarly, using integration parts and condition (96), the first term on the RHS of (98) equals
i FCFNE(Q), (100)

In the case of no bequests wp(s) =0 for s € {E, NE},

BHFI(C) zfexp(cmj(w - log(wy)dw

=wy Jexp (ch fl
=w{ F(Q). (101)

With bequests, wp(s) >0,

_1 Ih(w,Ls) ., ~ .
ZTJJ;W Jogwr) eXP(Cw)Tf (h(w, l,s))fi(l)dldw
jJeXP (Ch(w,L,9))f*(w)f (dldw, (102)

where the first line changes the order of integration, and the second line uses a change of
variables (I, w) — (L, w = h(w,1,s)).

Collecting the results above and using vE+yNE

= vNE/mE which follows from the inflow-
outflow balance condition, (1), we obtain equations (90) and (91).
O

Proof of Lemma 1. Equations (23) and (25) follow by evaluating equations (103) and (61) at
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C =1 and using the fact that (pf(l)/mE =aF.
Equation (24) follows from the definition of net worth N;; = W;; — W;;; and the linearity
of the expectation operator. O

Proof of Proposition 1. Under no bequests, AE(T) and ANE(7), given in equations (92) and
(93), are equal to AF(C) and ANE(C), given in equations (30) and (31), respectively.
Using the fact that, in steady state, d]-"E(C)/dt = 0, and dividing both sides of equation
(90) by F(C), we get
wwi FEC)/F(C)+vNE

E _
p=(C) = 0 . (103)

Equations (103) and (61) imply equation (28).

Adding equations (90) and (91), we obtain the law of motion of top-weighted average
wealth,

dF(C)

o = ~MOF(0) + 0w A(C). (104)

Using the fact from Lemma B.1 that, in steady state, ]-l((:) = F(C) and imposing d F (C)/dt = 0,
we obtain equation (29) for the steady-state level of top-weighted average wealth.

The positive dependence of the steady-state levels of both top-weighted inequality mea-
sures on uF and, for > 1, on OF is obvious. For the impact of the level of type persistence,

inversely related to the churning rate vV£, note that

dpE(C) 1 E©) F(Q) (P ()
PE(C) H(PmE —1)+w%ﬁ( an —1)] (105)

JyNE /\E(C)
Given that w%]-}(C)/}"(C) = MC)/w < 1 from equation (29), a sufficient condition for
APt (C)/dvNE <0 is ¢pF(C) > (j)f(C), which is the empirically relevant case.
O

Proof of Proposition 2. 1 offer two proofs for the proposition characterizing the Pareto tail of
wealth.

The first proof proceeds by substituting the conjecture f¥(w) — cf exp(~C*w) and fNE(w) —
cNVEexp(—C*w) as w — oo into the system of FK equations (55) and (56). We use the result
that, when the Pareto tail of wealth is thicker than that of labor earnings, Cj(s) > C*, for

s € {E,NE}, where f’(I) — ciexp(—C}i(s)l),82

. fi’(w—log(wy)) Ciwgi(s)
BT W) et g ol =0 (106)
L

82The Pareto tail exponent of the distribution of equilibrium relative earnings, fj(l), is min{C; (E), 7 (NE)}.
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Note that this result also implies that wealth and net worth have the same Pareto tail expo-
nent. Substituting the conjectures into equations (55) and (56), dividing by exp(C*w), and
using (106), we get a system of two equations in two unknowns, the ratio cf/cN¥ and C*:

CE(/\E(C*)—VNE):CNEVNE (107)
NE(ANE(C) - vE) = cFoE, (108)

This system yields expressions (33) and (34).

A second method of proof uses a “Tauberian” result from Mimica (2016), also included as
Proposition 7 in the Appendix of Gabaix et al. (2016). From equation (29), a number >0
that satisfies A(C) = 0 constitutes a negative abscissa of convergence for the Laplace trans-
form of f(w), thatis, F(C) converges for 0 < C < E, diverges for C > a and has a singularity at
C. The Tauberian result then implies that this number C is the Pareto tail exponent of f(w).
Finally, note that equation (33) defining C* is equivalent to A(C*) = 0. Therefore, C* = Eis the
Pareto tail exponent of wealth.

O]

Proof of Proposition 3. Using the laws of motion (90), (91), and (104) for F£(C), FNE(C), and
F(C), respectively, we have

B FHO) g F(O)
A FE©)
=— )\f(C)+ww%£—/\t(C) QDE(C)-i-VNE-i-a)w%L— (109)

(C) ()

Using equation (104) and the fact that, as t — oo, dF(C)/dt — 0, we obtain
s"(C) = lim 57(C) = A*(C). (110)

Finally, using w; < 1 and pf > 0, it follows that A¥(C) is a decreasing function of C, so that
AE(1) is an upper bound for the asymptotic speed of transition.
Also note that an analytical upper bound for the speed of transition of ¢F(C) at any time
t is given by AE(1) + % (C)/F(C).
O

Proof of Lemma B.1. Adding the FK equations for relative labor earnings, equations (59)-
(60), and using the fact that f;(1) = ££(I)+ fNF(1) and £i(1) = £F(1) + £;VE(]) yields

df;’il) =w(fi(h) - fi(D). (111)
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In steady state, the cross-sectional distribution is time-invariant, df;(l)/dt = 0, for all
I € R, so fi(I) = fi(I). This also implies F(I) = F(I).
Multiplying equation (59) by exp(C/) and integrating over /, we obtain

dFE(C)
dt

= WNEENE(C) - (v + @) FE(C) + 0 FE(C), (112)

Imposing time invariance of the earnings distribution in steady state, dividing both sides by
Fi(l) and using FNF(C)/FA(C) = 1 - f (C), we get

0=vNE(1-9f(Q) = (vE + ) (0) + wef (O). (113)
Solving for (pf(C), we have

a)(pf(C) +yNE a)(p}j(C) +yNE

E
- _ , 114
v () w+vE+yNE o+ yNE/mE (114)

where the second equality follows from the inflow-outflow condition, (1). O

Proof of Propositions B.2 and B.4. Consider a first-order approximation of exp(Ch(w,1,s)) as a

function of € around C = 1:

exp(Ch(w,1,5)) = [wp(s)exp(w) + wy exp(l)]

~ (wfa)c exp(Cw) + w exp(Cl). (115)

Using this approximation in the case of bequests, we obtain

BP0 = o | [ ewlchtuLonr wgidia

~ (wh) Fow) + wE F (D) (116)

It follows that the type-specific top-weighted average wealth measures approximately follow
the laws of motion:

dFE@Q)
dt
dFNE(@) (
dt

~ -(IE(Z;) —w(wh)" - vNE)]-"E(C) + VNEFNEQ) + owp FF(0) (117)

E

Q) -w(whF) - vF) P R ouf V@), (118)
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These laws of motion have the same form as those for the case of no bequests, but with

C
AE(€) = XH(0) - w(wp) (119)
AVEQ) = TVE() - o (w]F ) (120)
Equations (62)-(63) and (67)-(69) then follow by repeating the steps in the proofs of

Propositions 1 and 3.
O

Proof of Proposition B.3. Performing a change of variables,

X ~h(w,1, —
Bf)(0) = fl ) P ML) s (w, 1,5)) £ (1l
<w-log(wr)

mswp(s)

=—-—— eXp w) S(1\ £5 X _ . B —
) J o) —wpexply P loB(exp(w) ~wp(s)exp(h) - log(wn)) i

(121)

Dividing this by f*(w) and taking the limit as w — oo,

I __ T exp(w) .

i, msj f [w%exmw—wm exp(i)
£ (log(exp(w) —wp(s)exp(h)) - log(wr)) | _
- F(w) }dh

] (1+C1(9)

‘%Lo fs(~[1}gr;o% [1 wp(s)exp(h—w) eXp(—(C}i(s)—C*)w)}dﬁd

(122)

where the first line follows by changing the order of the limit and the integration, the second

line uses the fact that
llim S (1) = exp(=Cp(s)]) (123)

and the third line uses the fact that wealth has a thicker tail than earnings C* <min{Cj (E), (; (NE)}.
O
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E A General-Equilibrium Model of Entrepreneurial Capital

This section introduces and analyzes a general-equilibrium (GE), endogenous-production
extension of the model of Section 3. Sections E.1-E.3 introduce the different components of
the model. Section E.4 characterizes the inside equity premium in terms of fundamentals.
Section E.5 briefly addresses the equilibrium determinants of the riskfree rate.

To ease the reader’s introduction to the key features of the model, I delegate many tech-
nical details, including generalizations of propositions and additional results, to Online Ap-

pendix F. The proofs of all formal results are located in Online Appendix G.

E.1 Setting

The overlapping-generations and labor earnings structure and household preferences are as
in the model of Section 3. As I only analyze the GE model qualitatively, for expositional
simplicity I assume no taxes, T = 7p = 0, and no bequests, Vp = 0.

Production of the final good requires as inputs labor and two types of capital, liquid
capital K and entrepreneurial capital Kf. A stock of liquid capital can be operated by any
agent and traded frictionlessly in financial markets. In contrast, entrepreneurial capital is
tied to an entrepreneur and subject to a financial (skin-in-the-game) friction: only he can
operate his stock of entrepreneurial capital and expand it via investment; its future income
stream cannot be pledged to outsiders. The rest of this subsection presents the details of the

setup.

E.1.1 Production
There are three types of firms: entrepreneurial firms, liquid firms, and final-good producers.
Intermediate goods An entrepreneurial firm, operated by an entrepreneurial household,

holds and accumulates entrepreneurial capital, which produces a good that serves as an

intermediate input to final good production. Denoting the quantity of the capital stock of

firm i by Kﬁ, the firm’s cumulative flow of the entrepreneurial good S 5 follows®?
st =KEdJE, (124)
where
Kii = ARk (125)

83Unless otherwise indicated, all equations describing the evolution of household- or firm-level variables in
stochastic differential equation form are conditional on the survival of the household or firm over the time
increment.
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denotes the quality-adjusted stock of firm i’s capital, accounting for firm-specific productivity
Aft. The dynamics of firm-level productivity are discussed in Section E.1.3.

]ﬁ is a scaled Poisson process,?*

djf = %dTE

£ (126)
where Tlf is a Poisson counting process with intensity Af. Note that ]Etf[d]ih;] =dt. ]5 cap-
tures a firm-specific production risk with a purely transitory effect on the firm’s income
stream.Applying a law of large numbers across the continuum of entrepreneurial firms, the
aggregate quantity of the entrepreneurial good produced at time t equals IE’;[dSII:;] = KEat
where [E}[-] is the cross-sectional expectation operator and KF is the aggregate (quality-
adjusted) stock of entrepreneurial capital.’

The entrepreneurial good is traded on a Walrasian market at price pf in units of the final
good (the numeraire). The cumulative business income flow yﬁ to entrepreneur i thus fol-
lows dyﬁ =ptds 5 and the corresponding aggregate entrepreneurial income flow is simply
pEKEdt.

The production function of liquid firms, which produce a different intermediate input, is
defined symmetrically. The cumulative flow S;; of the intermediate good of liquid firm i with
capital stock KC;; follows dS;; = K;;d];; where K;; = A;;K;; is the quality-adjusted stock of firm
i’s capital and J;; again captures a source of idiosyncratic income risk with E;-[d];;] = dt. The

intermediate good produced by liquid capital is traded at a unit price p;.

Final-good producers Final-good producer j combines gft and Gj; units of intermediate in-
puts from entrepreneurial and liquid capital, respectively, with £;; units of labor to produce

Yj; units of the final good according to the production function

¢ 1-¢
Yie=(95) (AFLi) (127)
where AL denotes the productivity of labor, and the composite intermediate input from cap-
ital is defined as

1
1
€

i [E(gﬁ)l_i +(1 —E)(th)l_:]l‘ (128)

84More generally, ]£ can be any Lévy subordinator process, that is, a stochastic process with non-negative
increments that are stationary and identically and independently distributed (iid) over time, which is also iid
across firms and satisfies [E;- [d]ib;] =dt.

85 All exogenous sources of idiosyncratic risk in the model, such as the process ]ih;, are distributed indepen-
dently across households and independently from each other and from the aggregate source of risk B;. See
Appendix F.2 on the application of the law of large numbers.
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where ¢ > 1 is the elasticity of intratemporal substitution between entrepreneurial and liquid
capital intermediate goods, and E € (0, 1) controls the productivity of entrepreneurial capital

relative to liquid capital.

Factor income shares The equilibrium policies of final-good producers (see appendix F.3)

imply the following distribution of aggregate income among the three factors of production:

pEKf =&Y, (129)
Pth:(l—'ft)CYt (130)
L, =ptAl =(1-0)Y, (131)

where Y is aggregate output and pF is the wage (i.e. aggregate earnings L;) normalized by
the level of aggregate productivity. (Equation (131) assumes a unit aggregate labor supply.)

Thus, parameter ¢ equals the capital income share, and

- -1 =(wE\1-1/¢
1-8 -(1-1) S(KP)
Se=E8(n88) =1+ — o= , 132
=8 ) g ] E(KE)1-Ve 4 (1 - B)(K,)1- 1/ (132)
is the share of entrepreneurial income in total capital income. Here,
Kf
=t 133
Nt K, (133)

is the entrepreneurial capital ratio, that is, the ratio of the two aggregate (productivity-
adjusted) stocks of capital. Under the assumption that entrepreneurial and liquid capital
are substitutes in production in the Pareto-Edgeworth sense, ¢ > 1, the share of entrepre-
neurial capital is increasing in the entrepreneurial capital ratio. In particular, an increase in
the relative productivity of entrepreneurial capital leads to a higher capital ratio and hence

to a higher share of capital income accruing to entrepreneurial firms.

Labor productivity I assume that labor productivity is proportional to the composite ag-
gregate capital stock, possibly due to knowledge spillovers from capital accumulation as in

Romer’s (1986) endogenous growth model with capital externalities:
AL =pl/0-9ke, (134)

where

Kfz[E(Kf)l‘i+(1—z)(Kt) P (135)
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and b > 0 is a constant. An implication of this assumption, and its raison d’étre, is that

equilibrium aggregate output is proportional to the composite capital stock,
Y; = bK{. (136)

E.1.2 Households

Every household is characterized by its type (E or NE), the level of its liquid (i.e. non-
business) wealth W, and, in the case of entrepreneurial households, its stock of entrepre-

neurial capital th;

E.1.3 Entrepreneurial firms

The cumulative entrepreneurial income flow and the idiosyncratic component of the pro-

ductivity of entrepreneurial firm (household) i evolve according to

dyE = pFKEast (137)
dAE —E
— = 0dB, +dJE;, - dFf - dF;,, (138)

it=

where the diffusion B; captured aggregate, total factor productivity shocks, process ]5, in-
troduced in section E.1.1, captures purely transient income shocks, process ]Eit captures
. E —E . . Cl - .- E
permanent income shocks, and F;; and F;; are Poisson counting process with intensities v
and v, capturing business failure shocks as discussed below.
I assume that transient and permanent income shocks are driven by the same idiosyn-
cratic underlying shocks,

dJb., = sgdJ%, (139)

where sg; may depend on the aggregate state of the economy.
The inclusion of both transient and permanent income shocks and the specification of

their relationship in (139) are made for tractability reasons, as I discuss in Section E.3.

Failure risk Entrepreneurial firms of surviving households fail at a rate vF+v* losing all of
their capital (their capital becomes completely unproductive, hence worthless), a risk cap-
tured by the counting processes Fﬁ and fﬁ. If failure is driven by an FiEt shock, dFiEt =1,
the household operating the firm becomes a non-entrepreneur. If failure is driven by an 1_35
shock, dfi =1, the household receives an idea (blueprint) for a new entrepreneurial ven-
ture immediately upon failure of its existing firm, retaining its status as an entrepreneurial

household. This structure serves to disentangle the persistence of entrepreneurial status,
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governed by the churning rate v as in the model of Section 3, from the business failure rate,
governed by vE +vE.

If the household dies, its stock of entrepreneurial capital is similarly lost.5¢

Capital investment Entrepreneurial firms accumulate capital via an investment technol-
ogy subject to convex adjustment costs, as in the g-theory of Hayashi (1982). In particular,

the quantity of the capital stock of an entrepreneurial firm i evolves as

dKEt
—t = (xf) - oK, (140)
where x(-) is a concave function, LiEt =1 iEt/Kib; is the ratio of the firm’s investment expenditure

flow If; to its productivity-adjusted capital stock Kl.h;, and 6F is the rate of depreciation of

entrepreneurial capital.

E_

Combining equations (138) and (140), a household’s quality-adjusted capital stock Kj; =

Afthft evolves according to

E
dKit

E
K-

=(x ()~ 6F)dt + odB, + dJ};, — dFE — dF,. (141)

E.1.4 Entrepreneurial firm creation

At every point in time a mass vNEdt of non-entrepreneurial households become entre-
preneurs and establish new entrepreneurial firms, an event that occurs according to the
household-specific Poisson counting process Gf\t] E capturing the arrival of an idea (blueprint)
for a new entrepreneurial venture. Additionally, a mass ¥£dt of entrepreneurial households
(whose businesses have just failed) also establish new entrepreneurial firms.

Founders of new entrepreneurial firms decide on their initial investment in the firm,
AIft.87 (A tilde below a variable indicates that the variable is associated with entrepreneurial
firm creation.) The process of new firm creation is subject to convex costs at the aggregate
level, capturing diminishing returns to the implementability of new ideas and methods. In

particular, the initial (productivity-adjusted) capital stock of an entrepreneurial firm is given

by

~it —

E lf E

86 An alternative assumption with the same qualitative implications is that, upon the household’s death, its
stock of entrepreneurial capital is converted into liquid capital. As I abstract from bequests and do not calibrate
the model in this section, I choose the simpler assumption that the household’s stock of entrepreneurial capital
is fully destroyed upon death.

87Capital investment expenditures at the time of firm creation are discrete (lumpy) at the household level, in
contrast to the smooth flow of capital investment expenditures by existing entrepreneurial firms.
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where x,(-) is a concave function and

1Edt = J 15di (143)
i€l

. ~TE
=|[t,t+dt)

is aggregate investment by founders of new entrepreneurial ventures.5:89

E.1.5 Liquid firms

Liquid firms face no financial frictions. As discussed in the next subsection, ownership
claims to liquid firms are pooled together, so that all idiosyncratic risks to their income and
productivity are fully diversified away. Hence, the structure of their idiosyncratic risks is
irrelevant for the determination of aggregate equilibrium prices and quantities. Therefore,
without loss of generality for the present purposes, I assume a time-invariant set of liquid
firms IX and that firm-level productivity is only affected by aggregate risk (TFP shocks):

dAlt
At

=0dB,, (144)

for all i € IX.
Liquid firms accumulate capital via the same investment technology as entrepreneurial

firms,
aK;;
dt

where 1;; = I;;/K;; and 9 is the rate of depreciation of liquid capital.

= (x(tit) = 0) Kiy, (145)

Combining equations (145) and , the productivity-adjusted stock of liquid capital K;; =
A;1 ;s evolves as
dKlt

= (x (1) - 8)dt + odB,. (146)
Ki;

E.1.6 Financial markets

Financial markets are formally complete with respect to all risks, aggregate as well as id-
iosyncratic. However, entrepreneurs are not able to issue claims against the future income

streams of their entrepreneurial firms for moral hazard (skin-in-the-game) reasons.” More-

88 Function Z(,(LE) is defined onLE > 0, satisfies x(0) = 0 and K’(O) = o0, and may be a function of the aggregate
state vector ¥; defined in Section E.3.

891ﬁ trdt) denotes the set of households who become entrepreneurs over the infinitesimal time interval [t,¢ +

dt).

99The framework can easily be extended (without loss of tractability) to allow for partial outside financing
of entrepreneurial capital investments, by assuming that entrepreneurs must at all times retain ownership of a
minimum fraction ® € (0, 1] of the future income stream of its entrepreneurial firm.
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over, the arrival of an idea (blueprint) for a new entrepreneurial firm is not contractible ex-
ante. Appendix E.5 discusses related microfoundations for the assumed form of the financial
friction.

The market value of a liquid firm can be written as Q;;K;;, where Q;; equals the market
price of the claim to a unit of firm i’s capital stock.”! By absence of arbitrage, liquid capital
price Q;; equals the present discounted value of the future stream of net profits to the firm
normalized by its current capital stock:

Kir

(pe —tir) 7—dt|, (147)

Qi = max [E; K.
it

Lt lr=t

t Mt

where M, denotes the pricing kernel for financial assets.’? Liquid firms choose their invest-
ment policy to maximize market value as in the neoclassical theory of the firm.
Taking into account all types of traded assets, aggregate liquid (non-business) wealth in

the economy is the sum of aggregate financial wealth and aggregate capitalized labor wealth:

W; = QK + W = QiK; + QtLA£' (149)
where
0F = | {7 M expl-wir - )ptita (150)
(=B MteXp (T )pTAtL T

denotes aggregate labor wealth normalized by the level of labor productivity.

E.2 Equilibrium

In this subsection I discuss the optimization problem of households and market clearing for
final output. The formal statement of equilibrium is given in Definition 1 in the appendix.
Households solve the following maximization problem for all t € [t;o,t;p), where t; is

household i’s time of birth and ¢;p its random time of death:

U= max U, (151)
C;0,IF IE

1In this model, average or Tobin’s q equals marginal q in g-theory terms due to the proportional specification
of investment adjustment costs in (145).
92The (unique) pricing kernel in this economy follows
dMy

Mt :—Tftdt—TlBtdBt, (148)

where rf; and 7tp; denote the riskfree rate and the price of aggregate risk, respectively. To the extent that they
can be traded, idiosyncratic risks have a zero market price because they are fully diversified away by risk pooling.
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subject to

Wiy >0 VYt e[t tip), (152)

where the utility function Uj; is given by (70) and the households’ liquid or tradable wealth

at time t is

=l
=l
A
>
®

Wt:

it +y£_J\ IEdT Z J\ CzrdT; (153)

financial & labor income

entrepreneurial income

and WJiﬁ 0= Q{;OA{;O.% O; summarizes the household’s financial portfolio policy, which affects
the returns to its liquid portfolio ng, and t denotes a stopping time associated with the
creation of a new entrepreneurial firm.

The solvency constraint takes the form of (152) because I have defined initial wealth
W;tio to include the present discounted value of all pledgeable sources of future wealth,
in particular future labor income. In other words, the constraint still allows for real-world
borrowing. However, liquid wealth does not account for households’ future business income,

which is non-pledgeable.”*

Non-entrepreneurs Non-entrepreneurs face a simple consumption and financial portfolio
choice problem as in standard financial portfolio choice theory, and their (non-business)
wealth W, evolves according to equations (3)- (5).

Due to the scale independence of preferences, non-entrepreneurs’ value function can be

written as

UNE = 14, (WNE) = 17/(WNEeXp( vNEY)', (154)

1
where the normalized value function VN is the same across non-entrepreneurs, since they
face the same investment opportunities going forward. For notational simplicity, I omit the

dependence of VNE on the aggregate state of the economy, as I also do below for V.

Entrepreneurs The problem of an entrepreneur is more complicated because of his ad-

ditional decision over the capital investment policy of his entrepreneurial firm. A key

BIfiis part of the initial cohort, t;g = 0, its initial wealth is as described in Section E.6.

94This constraint never binds strictly in the model. The reason is that if it did, that is if entrepreneurs at any
point chose to hold only illiquid wealth (E capital) and zero liquid wealth, they would be left with no wealth
at all and be forced to choose zero consumption in the event that a business failure shock occurred in the next
instant, an event with strictly positive probability. Under Epstein-Zin preferences, zero consumption at any
point implies infinite disutility so it cannot be part of the optimal consumption policy.
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household-level state variable for entrepreneurs is their liquidity ratio

KE
it
Kit = =’ (155)
Wit
that is, the ratio of their entrepreneurial (productivity-adjusted) capital stock to their liquid
wealth. Using this definition, an entrepreneur’s liquid wealth follows

WE
dWE
T E
Wi t

=(rpr+ @ = cWh, ) dt + Opy (mpedt + dBy) + i (pFdJf - thydt) (156)

where, as in Section 3, Cﬁﬁ = CiEt/WIE,

choice. The law of motion (156) shows that the effective proportional exposure of liquid

and Op;; captures the entrepreneur’s financial portfolio

wealth to income risk,

STt = Pt Kins (157)

is endogenously increasing in the price of the entrepreneurial good pf and in the entrepre-
neur’s liquidity ratio «;;. Forces such as an increase in aggregate entrepreneurial productiv-
ity that increase the equilibrium price of the entrepreneurial good and lead entrepreneurs
to invest more of their wealth into entrepreneurial capital will lead to an increase in the
quantity of idiosyncratic income risk borne by entrepreneurs.

The scale independence of preferences again implies a simplified form for the value func-

tion:
s 1 — 1-y
UE = U,(WE, KE) = E(wlfexp(vf(Kit))) ) (158)

where now the normalized value function VE(k;;) depends not only on the aggregate state
of the economy but also on the entrepreneur’s allocation of his wealth between liquid and

illiquid forms, captured by the liquidity ratio.

Founders of new entrepreneurial firms When a household receives an idea for a new
business venture, it faces a one-off choice over the initial capital investment I, in its new

entrepreneurial firm. It solves

max Out(’v‘v’if,gi), (159)
~iprVVit=

subject to the budget constraint

L5+ Wi < Wy, (160)
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where the initial capital stock Ki is given by (142) as a function offft, and W, (W/Zf) is the
household’s level of liquid wealth right before (after) it establishes the entrepreneurial firm.

The dynamic programming formulation of the optimization problems for each house-
hold type and their optimality conditions are presented in appendix E.7.

Final good market clearing Final output is used for consumption and capital investment:
Yi=CF+CNF+If+15 +1,, (161)

where CE and CNE are the aggregate consumption levels of the groups of entrepreneurs and
non-entrepreneurs, IF and IF are aggregate investment expenditures by existing and new

entrepreneurial firms, respectively, and I, is aggregate investment by liquid firms.

E.3 Aggregation

The aggregate state of the economy ¥ is essentially described by the following variables:
the aggregate capital ratio 1 = KE/K, the aggregate liquid wealth share of entrepreneurs
@F = WE/W, and the joint cross-sectional distribution of relative liquid wealth and liquidity
ratios across households, f(w,«,s), where s € {E, NE}. As the in the model of Section 3, the
aggregate state is unaffected by fully symmetric (total factor productivity) shocks driven by
Brownian motion By, as all agents choose the same proportional exposures to aggregate risk.

In general, the model features a non-degenerate cross-sectional distribution of liquidity
ratios across entrepreneurs. Heterogeneity in liquidity ratios translates into heterogeneity
across entrepreneurs in the exposure of total household wealth to inside entrepreneurial
equity, which is realistic (see Figure A.2). However, for tractability purposes, I make a set of
ad-hoc functional form assumptions implying that all entrepreneurs optimally choose the
same liquidity ratio, which coincides with the aggregate liquidity ratio, x, = KF/WE. These
assumptions result in a parsimonious two-type model, directly comparable to the two-type
model of Section 3. In particular, the cross-sectional distribution of relative wealth and
liquidity ratios is not needed as part of the aggregate state vector X, resulting in a finite-

dimensional aggregate state space for the model.”>

Proposition E.1 (Tractable Aggregation Assumptions, TAA). Assume that, at all times,

1. the exposure of entrepreneurial capital productivity to idiosyncratic income shocks satisfies

Skt = Pt K, (162)

95This implies in particular that, starting from the model’s steady state, the transition paths of aggregates in
response to structural shifts are independent of the cross-sectional distributions.
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2. function x(-) in equation (142), controlling the efficiency of investment in new entrepreneur-
ial firms, satisfies
E
I _1- VKE(Kt)Kt
X\ CE | TV E ey (163)
K; Vie (k)
where «; is the aggregate liquidity ratio of entrepreneurs.
Then, the economy converges in the long-run to a degenerate cross-sectional distribution for

liquidity ratios, equal to «; for all entrepreneurs.

E.4 The Valuation of Inside Equity

Proposition E.2 (Shadow Prices). Assume the Tractable Aggregation Assumptions of Proposition
E.1 hold, and x;; = x; forall i € E.
Define the shadow capital price of inside equity

VE
Qf = —"E(Kt) , (164)
1= Vie(xcp)x
total household wealth
Wi = Wi+ QFKE (165)
~———
inside equity
and the shadow risk prices
E -V
_ Pr Ky
T(]tzl—(l-i—T) >0 (166)
— E NE E
rpe =1 -(1+Qf ey )exp((1-7) (VNE - VE(xy))) <0 (167)
g =1-(1+Qf k) <. (168)

Then, the equilibrium consumption and portfolio policies of agents coincide with those in a
setting (the dual economy) without illiquid investments in entrepreneurial capital but where each
entrepreneur i perceives his wealth to be given by (165) and can frictionlessly trade on the sources
of risk ]ﬁ, Fﬁ, and fi at risk prices 1y, W, and T, respectively.

The shadow capital price of inside equity QF does not satisfy a pricing equation analo-
gous to equation (147) for the liquid capital price Q; it implies a higher discount rate on the
future cash flows of the entrepreneurial firm because undiversifiable idiosyncratic firm-level

risk is priced in equilibrium.%®

960ne can define the price of outside entrepreneurial equity, as the normalized present discounted value of
the future stream of net profits of the entrepreneurial firm, discounted using the pricing kernel from financial
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The proportional exposures of total entrepreneurial household wealth, given by equation

(165), to firm-level risks ]ﬁ, FiEt, and fﬁ are given by:

65, =pfK;>0 (170)

elgt — QE QE(Kt)Kt

PP <0. (171)

To relate the expected returns on inside equity in this setting, which features jump risks
at the firm level, to the expected returns on inside equity in the diffusion setting of the

partial-equilibrium model of Section 3, it is useful to define the process Z;; through

iz, = é (eft (4JE—dt)+OF (dFE —vEdt)+ 0F (dl_fft —vEdt)), (172)

t

where

oF = \/(th)z//\E +(6F,) vE+(0F ) v (173)

is a measure of the overall proportional exposure of total household wealth to firm-level
risks. By the properties of Poisson processes, the increment of the Z;; process has zero mean

and variance equal to dt, just like the Brownian motion assumed in the setting of Section 3.

Proposition E.3 (The Inside Equity Premium in Equilibrium). The excess return earned by the
average entrepreneur on entrepreneurial investments is

Mz = 7,05, + v, 0F, + 7o nk 6L . (174)

The inside equity premium (Sharpe ratio) can be defined as

Iz,

Bzt 175
oF (175)

Tzt =
and is increasing in the relative productivity of entrepreneurial capital, 2, all else equal.
Wealth inequality Once expressed using the formulation of Proposition E.2 in terms of

shadow prices, the dynamics of log relative total household wealth w;; = log(W;;/W;) sat-

isfy a set of Forward Kolmogorov equations, given in Appendix F.8, which are very similar

markets (which assigns a zero price to idiosyncratic risk):

~ o N KE
E t(,E_E it
E—E ST (pEE) it ge|, 169
Qlt t [J; Mt (pT quj) KlEt‘ T ( )
Then, in equilibrium the shadow price of inside equity is always lower than the price of outside equity, Qﬁ < (jﬁ
(There is a zero gross supply of outside equity in this setting.)
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qualitatively to the Forward Kolmogorov equations (55)—(56) in the partial-equilibrium set-
ting of Section 3. Hence, the key implications of the partial-equilibrium model regarding
the impact of entrepreneurship dynamics on the evolution of inequality also apply in this

setting.

E.5 Precautionary Savings and the Riskfree Rate

Proposition E.4 (The Riskfree Rate in Equilibrium). In the case of a unit elasticity of intertem-

poral substitution, i = 1, the riskfree rate is given by

rpr=p+ 8+ w(l—wy) = (yo’ + ¢f Tlz). (176)

where g, is the aggregate wealth growth rate, wy, = Wy,/W,, and @t is the aggregate (total) wealth
share of entrepreneurs.
In steady state, the riskfree rate is decreasing in the relative productivity of entrepreneurial

capital, E, all else equal.

The expression for the riskfree rate is similar to the standard expression in a representa-
tive agent economy. The riskfree rate is increasing in the time discount rate p, increasing in
the aggregate wealth growth rate (with an adjustment of w(1-wp) for the wedge between the
average wealth growth rate of surviving households and the aggregate wealth growth rate),
and decreasing in precautionary saving demand, an effect captured by the last two terms in
equation (176). An increase in the inside equity premium, which may be due to an increase
in the relative productivity of entrepreneurial capital E, raises the quantity of idiosyncratic
risk borne by entrepreneurs on average in equilibrium, since entrepreneurs increase their
wealth exposure to inside equity in order to take advantage of its higher return. In turn, this
makes their future consumption stream riskier, increasing their demand for precautionary
savings. As a result, the riskfree rate as well as discount rates on all liquid financial assets
decline in equilibrium.

Thus, besides its effects on the evolution of US wealth inequality in recent years, an
increase in the inside equity premium may also help to account for part of the long-term

decline in the US real riskfree rate since the 1980s.



	Entrepreneurial Capital, Inequality, and Asset Prices
	Recommended Citation

	Introduction
	Entrepreneurship and U.S. Wealth Inequality: Empirics
	The Prevalence of Entrepreneurs at the Top
	Entrepreneurs and U.S. Aggregates 
	Entrepreneurs and Top Wealth Inequality

	A Model of Entrepreneurship and Inequality 
	Setting and Optimal Policies 
	Top-Weighted Inequality Measures
	The Structure of Inequality
	General-Equilibrium Model Extension 

	Quantitative Model Analysis
	Top-Weighted Inequality Measures in the SCF
	Transition Experiment
	Labor Earnings Calibration
	SMM Model Estimation
	The Robustness of High Entrepreneurial Persistence
	The Drivers of the Increase in Return Heterogeneity
	Estimates of the average returns to private equity
	Aggregate risk taking by entrepreneurs and non-entrepreneurs


	Conclusion
	Empirics Supplement
	Additional Figures and Tables
	Group Decomposition of the Top 1% Group for Several Variables
	Group and Factor Decomposition of Household Income
	Additional Details on SCF Data Analysis 
	Sample Selection Design 
	Bulletin Measures of Household Assets and Income 
	Statistical Inference in the SCF 
	Imputation of Labor Income for Self-Employed Entrepreneurs in the SCF 
	Construction and Further Analysis of Long-Term Private Business Returns in the SCF 


	Model Supplement
	Additional Figures and Tables
	Supplement for Section 3
	Optimal Agent Policies
	Wealth Dynamics


	Epstein-Zin preferences with bequests
	Preference Specification
	Special Cases
	Transversality Condition

	Derivation 

	Proofs
	A General-Equilibrium Model of Entrepreneurial Capital 
	Setting
	Production 
	Households
	Entrepreneurial firms
	Entrepreneurial firm creation
	Liquid firms
	Financial markets

	Equilibrium
	Aggregation
	The Valuation of Inside Equity
	Precautionary Savings and the Riskfree Rate


