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Abstract

This paper conducts a theoretical and quantitative arsabyfshow entrepreneurs choose
firm size, capital structure, default, and owner consumptiananage firm risk, including how
these choices change with risk aversion. We decompose mapegrieur’s default decision into
three elements: the fraction of firm debt; the potential o&idua in personal consumption from
losing the firm; and the ratio of personal wealth to firm scalkich determines an entrepre-
neur’s ability to inject personal funds to continue openati Data from the Survey of Small
Business Finances is used to calibrate the model and esten&iepreneur risk aversion. We
determine the evolution of entrepreneur net worth, congiampand firm assets over time. We
find that many entrepreneurs have lower net worth and consomiman non-entrepreneurs
with the same preferences, but the densities of the disiitgi of consumption and net-worth
have wide upper tails. Thus, entrepreneurship can be a patird great wealth and high
consumption for the top quantiles of entrepreneurs.
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1 Introduction

Willingness to take risks has a long tradition as an imparntharacteristic of successful entrepre-
neurs, see Cantillon (1755). One view suggests that eetmeprs may be less risk averse than the
population at large, e.g., Knight (1921) and Kihlstrom arafant (1979). An alternative view is
that entrepreneurs are particularly skilled at managiedy tixposure to risk. For example, Paul
Brown in Forbesreports that entrepreneurs “don't like risk. They acceptsitpart of the game
and then work extremely hard to reduce it to a minimdmi/e evaluate these views in a dy-
namic model in which entrepreneurs manage risk by sele@itimgsize, capital structure, default,
and their own consumption. Individuals are risk averseghascess to a constant returns to scale
production technology, and a given amount of initial prevatealth.

Entrepreneurs can invest personal funds in their firm, ameiadrom an outside lender, e.g., a
bank. In each period the entrepreneur chooses the scalesstinent and the fraction that is self-
financed. The remaining fraction of firm capital is borroweait the lender via a debt contract
with an interest rate (or face value) that equates the lendrpected payd to the cost of funds.

In the next period the project’'s random return is realized e entrepreneur chooses whether to
repay the loan or default. If firm assets are ndfisient to repay the debt, the entrepreneur can
use private assets to cover théelience. If instead default is chosen, firm assets are litpdcdzt

a cost, assigned to the lender, and the entrepreneur isdextftom the credit market and unable
to operate a firm for several periods. The paper has four negunts.

First, we decompose an entrepreneur’s default decisiortlimee elements: the initial level of
firm debt, the reduction in personal consumption from loghey firm, and the ratio of personal
wealth to firm size. In static models, only the firsfeet is present and default occurs if and only
if firm assets are less than debt. In contrast, in our dynanoidaeicontinuing to operate the firm
has an option value. As a consequence, an entrepreneur magecto inject additional personal
funds to pay the firm’s debt to avoid default. The entrepreéaability to bail out the firm depends
on the ratio of personal wealth to firm size, which we refersdte “wealth-asset ratidfect.”
Willingness to bail out the firm depends on a “consumptios kEiect,” which is the entrepreneur’s
permanent loss in consumption from shutting down the firm. sWaw that these twofkects are
monotone in risk aversion, but move in opposite directioki@re risk averse entrepreneurs run
smaller firms in comparison to their wealth, i.e., the weallset ratio is large, and they are better
able to inject personal funds into their firms. Willingnesesawvoid default is smaller, however,
since losing a small firm results in a small consumption I@asantitative analysis is necessary to

1h‘ctp ://www.forbes.com/sites/actiontrumpseverything/2012/04/12/are-you-risk-adverse-you-could-be-the-perfect-entrepreneur



determine the outcome of these countervailifigas, which we provide in a calibrated model.

Second, we identify an existence problem that arises whensiale is variable. Running an
extremely (i.e., infinitely) leveraged firm can be profitabkcause if the failure rate is less than
one, the entrepreneur’s payonay be infinite. The lender gets the entire project with phalis
close to one, and unless liquidation costs are very high jstenough to cover the lender’s cost of
funds. Existence of a solution to the firm’s problem must audesuch “gambling” by both parties.
We do this by introducing a borrowing constraint, where thedwing limit is set endogenously to
a level at which the constraint does not bind locally, ilee, Lagrange multiplier on the constraint
is zero? This problem would not arise if firm or investment size weredix

Third, we calibrate the model and show that with the endogsfmrrowing constraint firms
are more leveraged and entrepreneurs invest less wealh firih than in the data. This leads to
larger firm size, but a smaller fraction of entrepreneursabee more default and are subsequently
excluded from the credit market. We then use the model tonesti a borrowing constraint that
better matches the data. The Lagrange multiplier is p@siindicating that entrepreneurs are credit
constrained. This tighter constraint leads to a lower defate that is consistent with data. We
find that up to a 50% reduction in default can occur, relativéhe case where the constraint does
not bind. We also permit risk aversion tdi@ir, and use the model to estimate it. We find modest
differences, with a median level of 1.6, in line with Mazzoccd@Q0and parameter values used in
the real business cycle literature. Thus, entrepreneur®tiseem to have very low risk aversion,
rather they seem to use firm size, capital structure, dedaaltconsumption to manage risk.

Finally, we investigate the evolution of entrepreneur netthy consumption, and firm assets
over time, with tight and locally slack credit constrain@agetti and De Nardi (2006) and others
document that the path towards wealth is closely connecttdemtrepreneurship. In our model
entrepreneurs are willing to sacrifice significant consuompusing retained earnings to grow their
firms, in hope of achieving high wealth in the future. Althbuguccess may often elude them, the
high potential gains of entrepreneurship, the downsideeptmn from bankruptcy, and the ability
to manage risk through firm size and capital structure erplantrepreneurs’ willingness to try.

In the remainder, section 2 contains stylized facts. Se@ispecifies the model, an individual
agent’s problem, considers existence and characteriZasltieSection 4 maps the model to U.S.
data, discusses model fit, and analyzes the dynafi@cts of risk aversion. Section 5 concludes.

2A local constraint means that if a much larger loan were psssagents could gamble. This problem is distinct
from standard Ponzi schemes, as it would occur even in a twodmodel.



2 Stylized Facts about Small Firms

We want the model to be consistent with several stylizedsfdatgely from the Survey of Small
Business Finances (SSBF). This survey is administered byBbard of Governors of the Federal
Reserve System and the U.S. Small Business Administrafionducted in 1987, 1993, 1998, and
2003, each survey is a cross sectional sample of about 4@Bfanm, non-financial, non-real estate
small businesses that represent about 5 million fifnhe surveys contain information on the
characteristics of small firms and their primary owner (eoginer age, industry, type of business
organization), firm income statements and balance shestts|sdon the use and source of financial
services, and recent firm borrowing experience includiaddrcredit and equity injections.

Fact 1: Small firm returns are very risky.

Table 1 provides summary statistics for real return on ageesmall firms in the 1993 SSBF.
The median return is.9% and the mean is 30%. SSBF firms are noticeably risky, agaheard
deviation indicates, with the high risk somewhat compestséty a high mean. About 12% of
SSBF firms lost more than 20% of assets invested in the firmt @eab equity), 7.4% lost more
than 40%, and 3.8% lost more than 100%. Returns can also Btastial: 20.7% exceeded 50%,
10.4% exceeded 100%, and 3.8% exceeded 200%. Skew is poditie 95% confidence bands
are computed using bootstrap sampling. For the mediannteeguartile range is reported.

Table 1: Real Firm Return Summary Statistics, 1993 SSBF

moment median mean standard dev. skewness kurtgsis

1993 SSBF|  1.094 1.30 1.57 13.2 290
95% conf. | [1.08,1.11] [1.22,1.38] [0.952.13] [2.3,17.3] [29,488]

Figure 1 shows that returns are not distributed normallgothpares the empirical ROA dis-
tribution to a normal distribution with the same mean andarare. The empirical distribution is
tighter around the median than a normal distribution besaasiance is generated by some firms
that do exceptionally well, which also generates the higtidsis in table 1. Figure 1 also shows
that returns can be negative. To understand why this occonsjder for example an entrepreneur
who starts a bakery by borrowing $5,000 from a bank for maainses trade credit to acquire
perishable inputs worth $2,000, and hires an employee wiicbwipaid a salary of $3,000 at
the end of the period. Suppose the business fails and earn$ @0ly the bank’s investment is

3All surveys are available 4ittp;Avww.federalreserve.gov.
4Only the 1993 survey has the interest expenses requiredripute the return on assets (ROA). See section 6.2.
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Figure 1.Empirical firm return pdf versus normal pdf, SSBF 1993

recorded in the data, a total firm loss of $10,000 on an initastment of $5,000 is reported, a
gross return on assets o1 >

Fact 2: Owners invest substantial personal net-worth in their firms

Table 2 reports the percentage of personal net-worth ieddsy entrepreneurs in their firm
in the 1998 SSBE.The median amount of net-worth invested is 21%, but the datate a
surprising lack of diversification for some entreprene@fg:invest more than 80% of personal net-
worth in their firm, 11% invest more than 60% and 25% investariban 40%. This concentration
of personal funds in a business is puzzling in view of theyrigturns documented by table 1.

Table 2: Net-Worth Invested, 1998 SSBF
% net-worth invested | > 20% >40% >60% > 80% | mean mediarn
H % of entrepreneurs 52% 25% 11% 3% H 27%  21% H

Fact 3: Most owners work at their firms.

For incorporated firms, the percentage of primary ownerswiid at their firms is 79%, 89%

5The worker and trade credit supplier absorb the losses 6083nd $2,000, respectively. This standard account-
ing issue does not matter for the quantitative part of ouepagxcept for a loan rate adjustment. See Michelacci and
Quadrini (2005) for a theoretical model of wage dynamicsmehveorkers implicitly provide trade credit since wages
are paid ex-post.

60wner net-worth is listed only in the 1998 SSBF, consistihgarsonal net-worth plus home equity. We report
percent net-worth invested for incorporated firms with pesinet-worth outside the firm, for firms with non-negative
equity and assets of at least $800. This lower bound on assets is the smallest number tthatdigenerate numerical
problems in our empirical analysis but left almost all of #aenple intact.
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Figure 2: Cdfs of EquitjAssets for firms with positive equity: 1993 and 1998 SSBF Data

and 87% in the respective 1993, 1998 and 2003 SSBFs. Thisawomdp the risk return puzzle
because if the firm fails, owners lose the funds invested lagid jobs.

Fact 4: The average annual default rate on small business loanig 5%.

Glennon and Nigro (2005) find the default rate on small bissh@ans guaranteed by the Small
Business Administration is 3.5% and Boissay and Gropp (RG@ble 2.4, find a default rate on
trade credit of 4.5% for small French firms (trade credit ifiedtof all firms’ total liabilities in
most OECD countries.)

Fact 5: Incorporated firms’ negative equity is 15.7% in 1993 and 24.i6 1998.

Negative equity means that firm liabilities exceed assekimng it likely that the firm needs
additional funds, which could be the owner’s personal fusrdsnpaid bills absorbed by creditors.

Fact 6: The distribution of firm capital structure is uniform.

Figure 2 shows that the cdfs of Equifyssets in the 1993 and 1998 SSBF are approximately
uniform. By definition, total assets consist of debt plusiggthus EquityAssets is a measure of
firm capital structure. The approximately uniform cdfs, etved in both data sets, indicate that all
capital structures are equally likely. This empirical femtthe distribution of all firms, of course,
does not preclude a particular firm from having a determissétecture. If capital structure of
individual firms is optimal and the distribution is uniforthe data suggest agent heterogeneity.



The facts show that small firm returns are risky. Owners inggmificant personal net worth
and are likely to work at the firm, which compounds the risk.nylirms have negative equity, yet
the default rate is low. Why do firms forbear in the face of spebr performance? Putftierently,
why do these entrepreneurs not default on their loans? Iiidil debt-equity ratios are equally
likely, indicating heterogeneity. We now construct a matiat is consistent with these facts.

3 The Model

Consider an economy with= 0, 1,... time periods. A risk-neutral competitive lender has an
elastic supply of funds and makes one-period |dak¢e begin by considering the problem of an
individual, with discount ratg and a CRRA utility function over consumption

This individual has initial endowmeni, and access to a constant returns to scale production
technology. If the individual operates the technology,ftima produces output per unit of assets
investedA. The firm’s return is given by random variabfewith cumulative distribution function
F(X) and probability density functiof(x), which is strictly positive on suppork[x] with x < 0,

x > 0, andx iid across periods. A negative realization means firm logsasyear exceed current
assets, and the owner either uses personal funds to stansohdefaults. In all periodst > 1, the
individual’s net-worthw; is derived from the return on investment in the firm and in aerahtive
investment opportunity with retunn Net-worth is known at the beginning of each period.

An entrepreneur is an individual who runs a firm by making aeatmen# > 0.° At any time
t, the entrepreneur chooses the fraction of self-financat{gqy and debt finance 4 . The total
amount of self-finance is therefo¢d and the entrepreneur’s opportunity cost of fundsAEL+r).
For the total amount of funds borrowed,{%)A, the entrepreneur owe# next period. Thus, the
loan rate is given by, = v/(1 - €) — 1. The face value of debt or equivalentlyr, is determined
endogenously from the lenders’ break even condition, gilierrisk free rate on the lenders’ cost
of fundsr;. In summary, there are two exogenous interest ratasdr, and the endogenously
determined loan rate . In the model calibration, we will allow to be larger tham;. This reflects

"We consider a composite lender that supplies all liabdlifeank loans, trade credit and other liabilities) and can
infer borrower risk aversion. The average maturity on Idarsnall firms is less than one year in the Federal Reserve’s
Survey of Terms of Business Lend{tiyese firms lack audited financial statements, paymentafit fristories, or
verifiable contracts with workers, suppliers or customers)

8As we explained, this can occur if the firm has trade credif tré loan has an overdraft provision. In the data,
this corresponds to the case where the firm has negativeyemdtdefaults.

9An individual that does not wish to run a firm ses- 0.
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the fact that net worthy, includes less liquid assets, such as home equity or retirtesavings,
that are more costly to use. In the calibration the endogetuwan rater, will exceedr, i.e., the
cost of debt is higher than self-finance if there is no defalthis cost advantage of self-finance is
counterbalanced by the fact that in the case of default ae@m®ineur with more debt-finance will
lose less personal funds.

After production occurs the firm has assatsand liabilitiesAv, and the entrepreneur chooses
whether to repay loaAv or default!® When default occurs, bankruptcy follows immediately and
is described by two parametesand T. A court determines the total value of firm assets and
transfers 1 ¢ to the lender, wheré is a deadweight bankruptcy loss (e.g., firm assets are sold at
a loss)!! Since the firm is incorporated, the entrepreneur is proddaydimited liability and only
firm assets can be seized. If bankruptcy occurs, the entrepreloes not have access to the firm’s
returns forT periods, which has two interpretations. First, corresjpantb Chapter 7 in the U.S.
Bankruptcy Code, the firm may be liquidated. Because bamgyupmains on a credit record for
a period of time, creditors and customers would be unwilt;mdo business with the entrepreneur
during this period. Second, corresponding to Chapter Elfith may continue to operate, but is
owned by the debt-holders who make investments and recaimmgnts, or shut it down. After
T periods the credit record is clean, and the entrepreneueitid@r restart a new firm or regain
control of the original firm, in Chapter 7 or 11 respectively.

The timing of events for incorporated firms is as follows:

1. Beginning of period (ex-antg entrepreneur net-worth is. There are two cases:

(a) The entrepreneur did not declare bankruptcy in any of theiptes T periodsChoose
consumptiorc, firm assetdA, self-financee (debt is 1- €), and amounfw to repay,
subject to the lender receiving at least ex-ante expectgatip@d — €)A(1 + r¢).

(b) The entrepreneur declared bankruptcy k periods aglbe owner cannot operate the

firm for the nextT — k periods. Hence, only current consumption is chosen.

2. Atthe end of period (ex-pos} the firm’s return on assets, is realized. Total end-of-period
firm assets ardx. The entrepreneur must decide whether or not to default. If

10A firm may default if it is unable to repagw (firm plus personal assets are less thuor is unwilling to repay.
The entrepreneur can “bail out the firm” with personal asgefsrestall bankruptcy, but cannot be forced to do so.
The owner’s personal credit historffects business loans, causing a credit interruption. Més897) p. 7 finds that
in small business loan scoring models, “the owner’s creidtohy was more predictive than net worth or profitability
of the business” and “owners’ and businesses’ finances ser cbmmingled.”

Athreya (2004) considers an additional cost, stigma, whicbld lower the default rate.



(a) Default: Only firm assets are seized. The entrepreneur is left witbgmed net-worth
(1 +r)(w— €A - c), invested at outside interest rate

(b) No Default: Entrepreneur net-worth i&(x — v) + (1 + r)(w — €A — ¢), which includes
both net-equity in the firm and the return on personal assets.

3.1 The Problem of an Individual Entrepreneur

Consider the optimization problem of an individual entezpur, with a given cdgcient of risk
aversionp and net-worthw at the beginning of the period. We state the problem receissiv
Our initial goal is to determine the structure of the valuedtion. If bankruptcy occurred in the
previousT periods, then the state is given b, k, w) wherek is the number of periods since
default andB denotes bankruptcy. Otherwise, the state is giverhy), andS denotes solvency.
Denote the value functions By  (w) andVs(w), respectively. Aftell periods the firm can restart,
thusVgr(w) = Vs(w). Let B denote the set of asset return realizatiarfer which bankruptcy
occurs, with complemern®. We specify a problem for each default state.

If the firm did not default in the previouE periods, the individual solves:
Problem 1 Vs(w) = max a.;u(c) +,BUB Ve1((1 + r)(w — eA-c))dF(X)
+ Jue Vs(A(X = 1) + (1 + 1)(w — €A - ¢)) dF(x)|
Subject to:

f%mR xdF(x) + f%%(l—(s)xdF(x) " fB dF(Y) > (1- &)(L+11) )
x € B if and only if V51 (1 + r)(w — €eA—¢)) > Vs (A(X— 1) + (1 + r)(w — €A - ©)) 2
(1-eA<bw @)

c>0, A>0, 0<e<1l (4)

The objective is the utility of current consumption plus thecounted continuation value of end
of period net-worth. Constraint (1) ensures that the lemgleiilling to supply funds. The right-
hand-side indicates the fraction,—le, of funds the lender invests in the firm must earn at least
reservation return % r¢. The left-hand side is the lender’s expected return frormdhe per unit
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of assetdA: The first term permitx < 0, which are losses absorbed by the lender in default. The
second term is the net amount the lender can recover fromrtherfidefault, when there is a
positive amount to seize (deadweight |l@sarises only ifx > 0 and the firm has not lost more
than the value of its assets in the period). The third ternmésfixed debt repayment when the
firm is solvent. Constraint (2) specifies ex-post optimadityhe default decision: An entrepreneur
defaults if and only if the expected continuation pfiyadter default exceeds that from solveriéy.
Borrowing constraint (3) may limit business loans to fraotb of entrepreneur net-worth. We
discuss this constraint in the next section. (4) is stantfard

Now consider the problem of a firm that defaulted T periods ago. Aftell periods the firm
can operate again, th¥g 1(-) = Vs(:). Letw’ denote net-worth next period:

Problem 2 Vg (w) = max,,, u(c) + SVek:1(w’)

Subject to:

c+n+w <w(l+r) (5)

cw >0. (6)

The objective of problem 2 is expected ex-ante utility. Ifaddt occurred the entrepreneur cannot
run the firm forT periods and chooses only consumption and saving, givengbwagstraint (5)
and non-negativity constraint (6).

Theorem 1 uses the fact that CRRA utility is scalable in wetdtdetermine the structure of
the value function, which allows us to restate Problem 1 aseadimensional fixed point problem.
The proof is in Appendix B.

Theorem 1 Suppose that the entrepreneur has constant relative riskseon. Letvs = V(1) and
vex = Vex(1). Then \4(w) = w'*vs and \ex(w) = w*vgk.

Applying Theorem 1 to Problem 2, it is straightforward to qurtevgy as a function obs.
We need onlyvg 1, the continuation utility given that default was just annoed, andvs. To

12Bailing out the firm with personal funds means that the eménegur continues to operate the firm evenr i o.
In a one period model (instead of the dynamic model) hithandVs would be the identity mapping, and (2) would
reduce tax € B if and only if (1+r)(w — eA-c) > A(x—1) + (1 + r)(w — eA— c), which impliesx € B if and only if
x < v (bankruptcy occurs only if the return is less than debt pitsrest).

13Ex ante 0< € < 1, but ex-post negative equity may occur. This distinctidses because the non-negativity
constraint on equity only applies ex ante. Ex-post, if thejgut realization is low, assets are low and end-of-period
equity will be negative due to the accounting identity: #ssadebt+ equity.

9



simplify notation, writevg for vg;. Lemma 1 and Lemma 2 in Appendix B prove that the investor’s
constraint binds and bankruptcy $is a lower interval with cutfi x*. Thus, the problem can be
rewritten as follows, where all endogenous variables apeessed as a fraction of net-worth

Problem 3 vs = max,a+U(©) + Bve [ [(1+1)(1- eA—c)| * dF(x)

+pos [([AG=0) + @ +1)(1-eA-0)| " dF()]

Subject to:
f; min{(1 - 6)x, x} dF(x) + f:m F() = (1-e)(L+r1) (7)
X = max{v_— [1 - (Z—z)l_ 1+ r)(lA_ A- C),z} (8)
c+eA<1 9)
(1-eA<b (10)
c>0,A>00<e<1. (11)

The objective is the utility of current consumption and tiecdunted value of end of period net-
worth, for the default setx] x*), and the solvency setx{, x]. Constraint (7) corresponds to lender
individual rationality constraint (1), and binds by LemmanlAppendix B. Constraint (8) is the
optimal default cutff and follows from (2) by Lemma 2. (9) ensures feasibility af@)(is the
borrowing constraint. (11) is obvious.

3.2 Existence, Unigueness and the Borrowing Constraint

The individual’s problem is stated for a given risk averspamametep. In this section we show
that solutions to Problem 3 exist unless risk aversion iswel cutdf value, and we explain
the borrowing constraint’s role in ensuring boundednesthefconstraint set. We consider risk
aversion and the borrowing constraint separately in oml&etter understand their distinct roles.
We first state the main existence result. The proofs are ireAgix B.

10



Theorem 2 There exisp < 1 andr > [—13 — 1 such that Problem 3 has a solution for all> p and
forallr <r.

In the proof, A(vs) is expected utility given continuation valug. In generalA’(vs) > 1 for
all vs close to 0. ThusA is not a contraction mapping and the standard fixed pointrémedor
contraction mappings does not apply. Instead, the proafsitivatA (0) < 0 andvs exists such that
A(vs) > 0 for risk aversiorp > 1. As a consequence of the intermediate value theorem ncityti
of A implies thatA has a fixed point. By continuity, the result extends for spmel.14

3.2.1 Non-existence for Low Risk Aversion

No solutions exist fop < p because the product gfand expected gross return+Ir exceeds 1,
and an individual with sfiiciently low risk aversion would defer consumption indegiyt This is
obvious for a risk-neutral individual and by continuity ertls to moderately risk averse entrepre-
neurs. In order to better understand the model, we compatitver-cutdt for existence in the
simple case where the investment technology is deternarast there is no outside finance. We
make the latter assumption to show that non-existence dspmnthe scalability of the project but
not on an entrepreneur’s ability to choose the firm’s findrstiaicture.

Leti denote investmenR denote its return, aneldenote endowments. The entrepreneur solves
the following optimization problem:

(o) 1—p _ l
max ﬁtct—
Ci,it,teN =0 1- P

subjecttoc; + i1 = & + Ri (12)

The first order conditions yieldc,,; = (R8)Y*c,, or ¢, = (RB)YFc,. It is easy to check that if

In(1/8)
n(R)

get existence for lowes by reducings, but this is not economically plausible (i.e., entrepreseu

this solution forc, is substituted into the objective, the sum is finite_) it 1- We can

become too impatient to make sizeable investments).

The failure of existence for very low levels of risk aversibepends crucially on flexible in-
vestment size. If project size is fixed At then utility is always bounded because consumption
each period can be at mosR

141f more than one solution to the recursive problem exists,shlution with the maximals corresponds to the
solution of the infinite horizon problem where agents sedequences for consumption, assets, debt-equity and tlefaul

11



3.2.2 Non-Existence without the Borrowing Constraint

We now show that absent borrowing constraint (10) soluttonBroblem 3 may not exist, be-
cause a firm’s ability to choose scale and capital struceselts in a “gambling” problem, where
entrepreneurs would run extremely (i.e., infinitely) leged firms.

Assume that investment proje¥t bankruptcy cosd, and the risk-free rate satisfy
E[X] >1+r;—06. (13)

In table 1 in section Z;[X] = 1.3. The risk-free rate in the U.S. is below 5%, thus (13) iss$iatl
even if bankruptcy losses are a quarter of firm assets. Bogdarith (1994) find is 10%. Bris,
Welch, and Zhu (2006) estimate costs of 0-20% of assets hamplies that (13) holds.

To see that no solution exists to the entrepreneur’s opatioia problem if (13) is not satisfied,
chooses, A, such that,A, = 1/nandA, — «, i.e., the entrepreneur increases firm size to infinity,
but equity in the firm converges to zero at the same timew).be the face value of the debt that
satisfies borrowing constraint (10) from Problem 3. Thera(¥) (13) imply"= lim sup,_,.. vn < X,
else the left-hand side of (7) is strictly larger than thétigand side. As a consequence, (8) implies
thatx* — v since (1+ r)(1 — A, — ¢)/A, = (L +r)(2 - (1/n) — ¢)/A, — O, in other words the
probability of default is strictly bounded away from 1. Thasn — oo the entrepreneur’s paffo
converges to infinity since

Aim Bus fax [An(x =) + (1 +1)(1 - €A - c)]l_p dF(X) = o (14)

Intuitively, the entrepreneur runs an infinitely sized fidout defaults with probability below
1. As a consequence, he receives an infinite flayih positive probability. At the same time
the investor gets all of the project return most of the timeicl is suticient to cover the lender’s
cost of funds. In this case, the entrepreneur’s optimirgtimblem has no solution. The borrow-
ing constraint remedies this. The problem is not relatedkistence problems caused by Ponzi
schemes. Instead, it is generated by the entrepreneulity &bichoose both firm size and capital
structure, which allows the entrepreneur to run an extrgtegeraged firnt?>

3.2.3 Locally Slack Borrowing Constraints

Borrowing constraints are essential in dynamic models witomplete markets, but a key ques-
tion is how to endogenize the constraint. Alvarez and Jem{20600) establish a second wel-

150ur effect difers from Vereshchagina and Hopenhayn (2009), where eatreprs choose risky projects to gen-
erate lotteries that convexify the objective function.
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fare theorem for an economy with limited commitment, byadtrcing “not-too-tight” constraints
on borrowing. These constraints, which are taken as giveadgants in the competitive equi-
librium, ensure that all market participants are willingpay back their debt in all states, while
simultaneously permitting as much risk sharing as posstghatterjee, Corbae, Nakajima, and
Rios-Rull (2007), Livshits, MacGee, and Tertilt (2007)dakrellano (2008) consider models with
incomplete markets where, unlike Alvarez and Jermann (R@@Bault occurs in equilibrium. For
example, in Chatterjee, Corbae, Nakajima, and Rios-R0OIDT2 borrowing is possible until the
household’s level of debt reaches a point at which the pritiabf repayment becomes zero. At
this point the price of debt becomes zero, and no lender woNipge additional funds. This ap-
proach does not work in our framework because of the nortexas problem: both the lender and
the borrower are betterffiowhen the firm gambles by using extreme levels of leverageik&im
Chatterjee, Corbae, Nakajima, and Rios-Rull (2007), tipayment to the lender does not go to
zero in our model even if the loan size goes to infinity.

To determine an analog of a not-too-tight constraint for madel we allow borrowing until
gambling becomes an issue. Formally, this is achieved byidgfia locally slack constraint. We
use Problem 3 and reldxuntil the Lagrange multiplier on constraint (10) is zero. tAis point
entrepreneurs are locally unconstrained, i.e., they wooldwant to increase their level of debt
by any small amount. However, the entrepreneur is congtledmom choosing a much larger loan
that would lead to very high leverage and gambling. In thentjtative analysis we will investigate
whether our locally slack constraint or a tighter constrdower b) better fits the data.

3.3 Characterization of Default

Knowing the shape of the value function, we can now deriveraia that links firm and owner
characteristics to the default decision. In Problem 3, tang (8) gives default cutd x*. We
decompos&® into three distinct ffects that we analyze individually. Leg andcs be the constant
consumption over time that would result in a utility@for vs, respectively. It follows that

1
Cs [uvs\"”
cs \vs '

Assuming that default occurs with positive probabilitg.jx* > X, bankruptcy constraint (8) is

equivalent to

Cs

(L+1)(1-eA- c)]

®Martins-da Rocha and Vailakis (2011) introduce a refinertteattresults in a unique not-too-tight constraint.
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The default cutff terms are: ex ante firm debt the consumption loss from firm bankruptcy,
and the entrepreneur’s personal net wealth outside the fienfom scale, which determines the
entrepreneur’s ability to inject more personal funds i@ firm. In words,

X" = ex-ante debt consumption loss wealth-to-firm-scale ratio (15)

Consider the three forces that determine the defaulticimnto:

Ex-ante debt: In static models, agents default if their assetsre less than delbt and hence all
firms with negative equity default, cf., Townsend (1979) &ale and Hellwig (1985).

Consumption loss: This term measures the percentage decline in consumptam lfssing the
firm, wherecs andcg are the constant consumption streams that yield the sarity as the
entrepreneur’s actual consumption in solvency and bangyigtates, respectively.

Wealth-to-firm-scale ratio: In order to prevent firm bankruptcy, an entrepreneur carcimer-
sonal assets held outside the firm to cover firm debThis is easier to do if the firm is small
relative to the entrepreneur’s net-worth.

If only the first term were present, all firms with negative gwould default, and hence the
fraction of firms with negative equity and the default ratendocoincide. Facts 4 and 5 in Section 2
show there is in fact a big gap between the two numbers, whiicates the importance of the last
two terms of (15). We now provide theoretical results thaeggnsight into the relationship between
risk aversion and the last two terms. Theorem 3 states gonditinder which the consumption
loss is decreasing in risk-aversion. The intuition is tharenrisk-averse agents invest a smaller
fraction of their assets in the firm and, as a consequenceljfiieeence between default and non-
default utility is small. Theorem 4 shows that the wealtHitm-scale ratio is decreasing as long
as risk-aversion and default are not too large. Intuitivelgre risk averse individuals run smaller
firms and hence the ratio of wealth outside the firm to firm agsdarge.

Theorem 3

1. Suppose thgtl + r)8 = 1 and T = c. Then the consumption loss is decreasing.in

2. For givenp, there exists d eN, andn > 0 such that the consumption loss is decreasing in
pforany T>T,andrandBwithl—n< (L+r)B<1+1.

We next show that and A are both monotonically decreasinggni.e., a more risk averse
individual will choose a higher debt-equity ratio and a lowsoject scale.
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Theorem 4 Suppose thatl + r)8 = 1, T = o, and that the borrowing constraint is locally slack.
Let the density f of return distribution F be continuous, asdume that £x) = Oimplies f(x) = 0.
Thene and A are decreasing in for all sufficiently low levels of risk aversion and forfgaiently
small default probabilities.

Theorem 4 indicates two major channels through which arepregneur can lower risk. First,
the entrepreneur can run a project at a smaller scale. €gtaibus, this lowers the default prob-
ability since the wealth-to-firm-scale ratio is increas&#bcond, a more risk averse entrepreneur
would wish to increase the project’s leverage. In this ceeserage is not used to increase project
scale, but rather to reduce the amount of entrepreneur fiedlap in the firm. As a consequence,
more entrepreneur funds can be invested outside the firrsldéss rate, providing a cushion if
default occurs. Theffect on the default probability from increased leverage ibigoous: Ceteris
paribus lowering raises the wealth-to-firm-scale ratio, which reduces defeiwever, reducing
€ means the firm borrows more, increasing ex-ante debt iglgele constraint (7)), and raising the
default probability. We will see in the calibrated modeltttie first éfect dominates the second,
and default is generally lower asdecreases. We now calibrate the model to U.S. data.

4 Mapping the Model to U.S. Data

Table 3: Exogenous Parameters

Parameter Interpretation Value Commeny Observations
s lender opportunity cost | 1.2% real rate, 6 mo T-Bill, 1992-2006
r entrepreneur opportunity cost4.5% | real rate, 30 year mortgage, 1992-2006
B discount factor 0.97 determined front andr ¢
T default exclusion period 11 U.S. credit record
1) default deadweight loss | 0.10 Boyd-Smith (1994)
f(x) pdf of firm returns SSBF 1993 (Appendix D)

We use U.S. data to assign values to five model parametersamiistribution of firm returns
in table 3. We identifyr¢, the lender’'s opportunity cost of short-term funds, wite tiverage
real return on 6 month Treasury bills between 1992 and 200The interest rate charged by
the lender will be strictly higher thany because of bankruptcy costs. We identify the owner’s
opportunity cost of funds with the real rate on 30 year mortgages over the period; tkeafo
using home equity to finance a business loan will also betlsthgher.3 = 0.97 is approximated

1"We use monthly data for T-Bill rates and deduct for each mimrCPI reported by the BLS.
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by 1/(1 + 0.5r¢ + 0.5r), with r andr; weighed equally (firm risk cannot be diversified since a
portfolio of small firms does not exist). The bankruptcy esabn parameter i$ = 11, because in
the U.S. after 10 years past default is removed from a creddrd. The bankruptcy deadweight
loss isé = 0.1, as in Boyd and Smith (1994) and the midpoint ef 0% of assets in Bris, Welch,
and Zhu (2006). Firm return distributidi{x) is computed from SSBF data on incorporated firms,
see section 6.2. The remaining parameters are jointlyreadid by choosing, o and possiblyb

to minimize the distance between model predictions and S&#&.

4.1 Heterogeneous risk aversion

In order to match the SSBF data we must construct distribatiavhich in turn requires us to
model a source of underlying heterogeneity. Because @giliss to bear risk is at the heart of
entrepreneurship, we extend the model specified for anichea agent to a setting where agents
may be heterogeneous with respect to risk aversion paramafee first construct distributions in
the SSBF, and then construct the counterpart implied by theetn

Empirical Distributions: We focus on three empirical distributions derived from SSB#a that
are important for small firms: firm assets, personal nettwovested in the firm, and the ratio
of equity over assets. Since in our model all quantities arenalized by the entrepreneur’s net-
worth, we define them as follows:

owners’ share equity

net-worth outside the firm owners’ share equity
owners’ share asset

net-worth outside the firm
owners’ equity in firm

firm assets

Normalized net worth:w =

Normalized assetsa =

Equity-Asset ratio:e =

We denote the cdfs of the empirical distributions\tW(w), W¢(a), and E®(¢), respectively. We
constructWe¢(w) only for firms with non-negative equity, to avoid possibieision by zero.

Distributions implied by the modelL.et ¢, ,(0) be a normal distribution over risk aversion, and
@, +(p) its cdf. Given firm return pdf (x) the following cdfs are predicted by the model:

Cdf of Net-Worth. After xis realized, firm assets afdp)x and debt isA(p)v. Equity in the firm
is A(p)(Xx—v(p))—which is non negative ik > v(p), while the entrepreneur’s net-worth outside the
firmis (1+r)(1 - c(p) — e(p)A(p)). The fraction of total net-worth invested is therefore

_ Alp)(X - v(p))
Ap)(x = v(p)) + (L +1)(1 - cp) - e(p)Alp))

W (16)

16



We can solve (16) fox = x(w, p). Sincew is strictly increasing irx, the entrepreneur’s net-worth
invested in the firm is less than or equakiaf and only if x < x(w, p). Finally, since we only use
firms with positive equity to compute net-worth invested floe empirical distribution, we must
do the same for the model predicted distribution, i.e., watriet attention to firms with return
realizationsx > v(p). For firms with positive equity, the model-predicted cdheft worth invested
in the firm is therefore given B§

L2 1090 (0) dx+ [ F 1 (0 (0) dX o

Wi (0) = —= — : 17
o) f@f(x)cbﬂ,a(g)dﬂ fe [y F0960(0) dx o (7

Cdf of Equity /Assets. After project returrx is realized, the fraction of equity is given by

_ Alp)(x - v(p))

¢ = AQ)X (18)

Let x = X(e, p) solve (18). Then for firms with positive equity, the cdf ofuigy/assets is
(e.0) oo X(e,0)

Fin” FO0®ucrlp) dx+ [ [0 (00 (0) dx cp

fv_;) F (D, (0) dX + fe " [y f008,0(0) dxdo

o (¢) = (19)

Cdf of End of Period Assets. The current realization of end of period assets as a fraction
net-worth outside the firm is:

B A(p)x
"= TN clp) = €)AP) (20)

Let x = X(a, p) solve (20). Then the cdf of end of period assets is

X(a,0) 00 X(a,0)
AT (o) = f ~ (XD, (p) dx+ f f (), (0) dX . (21)

4.2 Model Calibration

Given the values for the exogenous model parameters in Bakle will use the model to compute
the remaining parameters in both borrowing constraintcase

Locally slack constraint: In this case only: ando- must be determined. Chooggeo- to minimize
the supnorm distance between the cdf implied by the modetlenddf from the SSBF data:

min W, (0) — W)l + (0.431— a,)" + (0, — 0.519)" (22)
o> ’

18The denominator is the probability that the entreprenesrdusitive equity, wherg is the lowest parameter for
which a model solution exists. For all< p we assign the model solution fpras explained in section 4.3.
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Table 4: Calibrated Parameters and Fit

Model Model
Parameter Interpretation with with
Endog. b Fixed b
b% borrowing constraint: loag bw NA 215
u median of distribution of risk aversion 1.56 1.55
o standard deviation of distribution of risk aversipn 1.50 0.83
| fit | Distance to fitted cdf & assetsin (22) | 0.145 | 0.042 |

The cdf of net-worth invested implied by the modaf} (w), is given by (17). The supremum norm
I/l is taken over all non-negative fractions of net-wotthThe second and third terms impose
penalties only for asset values outside the 95% confidenesal for firm assets, which Herranz,

Krasa, and Villamil (2009) find is [43.1,51.9]. Since we ex® firms with negative equity when

determiningWe, net-worth invested is between 0% and 100%, but assets hoeinded?

Tight constraint: In this case, solve problem (22) ougru, o

4.3 Performance of the Model

Table 4 reports parameter values for both cases, first wiheegies endogenously such that the
borrowing constraint is locally slack, and second whers determined by (22) for all entrepre-
neurs. In both cases the table shows that the median enteepreask aversion is between 1.5
and 1.56. To put the estimates in perspective, MazzoccaojaEes the Consumer Expenditure
Survey to estimate a median ¢bheient of risk aversion of 1.7 for men. While one may expect
entrepreneurs to be somewhat less risk averse than theajpopulation, the model indicates that
matching the data does not require very low levels of risksiga. We find that- is 1.50 or Q83

for the two cases, where non-zero values indicate agentdyeteeity?! Table 4 shows the model
with a tight constraint has a better fit than the slack con#tr@.042 versus 0.145.

The left panel of figure 3 shows the cdf for net-worth investetthie SSBF data (red), the model

19To compute the supremum norm we evalydtg (w) — We(w)| at 1,000 equi-distant points between 0 and 1, and
take the maximum.

20For example, 5% of firms had assets over ownership sharexbetéed owner net-worth by 500%.

2!Mazzocco (2006) does not estimate the distribution of rigkrsion, so his estimate of the standard deviation of
0.96 is not directly comparable to ours. The calibrated patars do not vary significantly with legal parametérs
andT. The insensitivity to changes ihis due to the low equilibrium default rate. The best modekfibbtained at a
value of T = 13. Thus, if we calibrat& instead of choosing it to be consistent with U.S. institagsicthe numbers for
the calibrated parameters and model results do not chagigificantly.
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Figure 3: 1998 SSBF data and model with slack & tight constsainet-worth & assets cdfs

with tight borrowing constrairih (blue), and the locally slack constraint (greéhY.he model with

a slack constraint does not match the level that entreprenewest in their firm. Intuitively, a
slack constraint makes it possible for the entreprenewgdaae risk by putting less personal funds
at stake. This generates the higher level of default in tabl€he tighter credit constraint forces
entrepreneurs to use more of their own money and this rediefaslit>®> The right panel shows
asset levels in the SSBF data and the predictions of the twatelmo Both models do not match
the assets of few large firms for reasons we explain belowgdnupared to each other the model
results are similar. Table 5 shows the overall point préafist largely fall within the data ranges.

Our model is quantitatively plausible along a number of disiens. As discussed above, the
left panel of figure 3 shows the fraction of net-worth an owingests in the firm. Since we fit to
this empirical cdf one would expect to see a match, but thatcaimed model does a very good
job replicating the facts in table 2 in section 2. Owners stv@ibstantial personal net-worth in
their firms: the median is 21% and the mean is 27%. The righ¢lpainfigure 4 compares the
predicted cdfs of firm assets to the data. The match is alsd,dm both models miss a few large
firms2* The model predicted median asset levels of 48.1% and 51.9%bla 5 are within the

220nly the 1998 SSBF has owner net worth, personal net-worth pbme equity. The data cdf for net-worth
invested is for firms with positive net-worth outside the fimon-negative equity, and at least $50,000 in assets.

Z3Glover and Short (2011) also provide evidence that a tigidiciconstraint may apply for incorporated firms.
They find that incorporated firms pay an interest rate prentiampared to unincorporated firms, which they argue is
a consequence of a “contraction in the supply of credit."theowords, the credit constraint binds.

2%0ne reason the model predicts fewer very large firms is tHatisos do not exist below = 0.74. Atp, the ex-
ante level of andA are 0.720 and 0.766, respectively. Thus, end of period etivoutside the firm, (2eA-c)(1+r)
is about 0.470. Using median retuxn="1.094 from table 1, the ex-post level of assets as a fractiorebfvorth for
risk aversion levep is AX/(1 - eA—c)(1+r) = 1.786. In the figure, this is where the model predicted curvegsamo
away from the (red) data.
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Figure 4: 1993 & 1998 SSBF data and model with tight constraipital structure cdfs

95% confidence interval of [48 51.9].

Figure 4 compares the constrained model prediction (bhe) lfor firm capital structure to
the cdfs for 1993 and 1998 SSBF data (red and green lines)lefthganel shows that the model
misses somewhat equissets. This occurs because no model solutions exist pelatyp = 0.74
the associated value ofis 0.335. At median return levet = 1.094, this gives an ex post value
of equityassets ofX= v)/X = 0.7, which is where the kink in the left panel occurs. If the cfif o
€ is computed conditional oa< 0.7, the model does an excellent job of replicating the emaliric
distribution of equityassets among firms — see the right panel. By definition tosatasre debt
plus equity, thus equifgssets is a measure of firm capital structure. The approgiynahiform
cdf indicates that all capital structures are equally yikahd this suggests agent heterogeneity, if
individual firm capital structure is optimal.

Table 5: Point estimates: Borrowing constrained modelpunatrained model & data

Model Model
Parameter Interpretation with with Data
Endog. b Fixed b
medianA% median firm assets (size) 51.9 48.1 [43.1,51.9]
consumption %9 consumption as a fraction of net worth 3.2 3.6 3-5
default % average default rate 6.4 4.4 3.5-4.5
neg. equity % negative equity in the firm 16.1 10.6 15.7,21.0

Table 5 shows that the model replicates successfully ottigets. Median firm assets match
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well (as discussed above) and consumption is in the stamaagd?® The default point prediction
for the model with the tight borrowing constraint is consigtwith Fact 4 in section 2 that the
average annual default rate is 3.5-4.5% on small business loThe default prediction is higher
for the model with the locally slack constraint. When the stoaint is tight, 10.6% of firms have
negative equity, which is below the empirical values forfiaths of 15.7% in 1993 and 21.0% in
1998, see fact 5 in section 2. The value of 16.1% for the lgpddick constraint is closer to these
targets. In the next section we consider how these magmsitealy with risk aversion.

4.3.1 The Hfect of Risk Aversion on Default and Negative Equity

In Section 3.3 we identified thredfects that determine default: (i) The ex-ante level of debt
(ii) the consumption loss from firm bankruptcy; and (iii) thvealth-to-firm-scale ratio. The first
effect is the only one present in a static model, where a firm wdetdult if and only if the return
realizationx < v, i.e., if the firm has negative equity. The other twfieets are a consequence of
the value of continuing to operate a firm when equity is negati a dynamic model.

9 30
----- locally slack constraint
8 —— tight constraint 25
. "
7 220
= -~ m
= S o
g o6r 0 T z 15
s :
S5 z 10
X
4 st - locally slack constraint
—— tight constraint
3 0

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 1.0 15 2.0 25 3.0 3.5 4.0 45
Risk Aversion Risk Aversion

Figure 5: Model predicted default probabilities and negatéiquity as risk aversion varies

The left panel of figure 5 shows the default rate in our dynaméziel?® In both panels the
solid lines indicate the model with a tight credit consttgmhereb is 21.5%) and the dotted lines
correspond to the locally slack constraint. When an indiglt risk aversion reaches about 2.2,
the credit constraint is slack in both models and the dottelsalid lines coincide. The right panel
shows the fraction of firms that have negative equity for &gikevel of risk aversion. This would
correspond to the default rate in a static model, where dymeftiects (ii) and (iii) are inoperative.

25point estimates for the expected fraction of net-worth spenconsumption and the default probability are
0 “(ep) 00 X(e,p)
o) Puc(p) + ;7 (p)duo (o) do and [ F (Do) dx+ 7[5 (X (0) dx .

26The graphs are not smooth nget 1 due to roundfi errors as CRRA preferences converge to log utility.
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Figure 6: Default determinants: debt, consumption lossltléo size ratio & dynamicféect

Our model indicates that these dynamiiieets induce many firms with negative equity to continue
to operate, thereby reducing the default rate. The gap lesttes fraction of negative equity and
the default rate is especially strong for more risk averseepreneurs.

Figure 6 graphs the individual components of default. Réaah (15) that

ok

X' = ex-ante debt consumption losg wealth-to-firm-scale ratio

Theorem 3 proves the consumption hit from losing the firm izrel@sing in risk aversion, which
raises default cutd x* asp increases. We can see this monotonicity in the top left pairfejure 6.
Theorem 4 proves the wealth-to-firm-scale ratio is incregas risk aversion, which we also see
in the figure. The product of these two terms is the dynarfiece (bottom right panel) which is
theoretically ambiguous. For the calibrated model withlt@lly slack constraint the dynamic
effect is increasing ip, i.e., it reduces default asis increased. In the case of the tight constraint
the dynamic fect is not monotone, butit is increasing for mpstThe bottom left panel shows that
v increases witly, which results in an increase in negative equity and defahk lower default in
the model with the tight constraint whens low is primarily due to an entrepreneur’s lower debt
v in this range. Compared to the slack constraint, the botight panel shows that the dynamic
effect provides additional default reduction when risk averss between 1 and 2.2, and a slight
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Figure 7: Hfect of risk aversion on asset&)(and the equitjasset ratiod)

increase for levels lower than 1, which results in the ihitlashape in the default probability in
the left panel of figure 5.

4.3.2 The Hfect of Risk Aversion on Loan Rates, Assets, Equity, and Consaption

Theorem 4 proves that assets and the efpsget ratia are decreasing ip, for suficiently small

p, for the model with the endogenous constraint. Figure 7 shinat these functions are indeed
decreasing over the whole range of risk aversion for whictcampute solutions. The intuition
for the decrease iA ande was discussed after the statement of Theorem 4: Both thetiedun
project scale and the increased use of outside funds rebda@ntrepreneur’s exposure to risk.
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Figure 8: Hfect of risk aversion on loans, (e€)A, and interest rates

Consider figure 8. The left panel shows the total amount cfidaetloans, (+ €)A. Theorem 4
indicates the overallféect of risk aversion on loans is theoretically ambiguousesiz- € increases,
while A decreases. In our calibrated modeldecreases faster than-1e increases, and outside
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loans decreas®€. When the constraint is tight, borrowing by entrepreneurth wifficiently low
risk aversion is constant and equakte:- 0.215. The right panel of figure 8 shows that loan rates
track default rates. Note that the loan rate on a debt cantiiitface value and loan amount4e

is given byr, = li;—l. In the data some firm returns are negative, which means \seadjust this
rate. Formally, suppose some amount of debin the initial investment is not observed, where
0 < « < 1 (see the bakery example in section 2). Then the total anafutebt is (1- € + k)A,

~— — 1. Since the lender is risk-neutral, the present

resulting in an “adjusted” loan rate of = —

value of the negative returnsas= (1/(1 + r¢) fxo x dF(X).
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Figure 9: Hfect of risk aversion on consumption

Figure 9 shows how consumption changes with risk aversibe.bbrrowing constraint has no
effect on the outcome. At level of risk aversipywhere solutions to the optimization problem start
to exist, consumption is arbitrarily small. There are twasens for this. First, the intertemporal
elasticity of substitution is higher for lower, which implies the entrepreneur is more willing to
substitute current for future consumption. Second, theepreneur is more willing to bear risk
and therefore forgoes current consumption to increasertijeqt’s scale.

4.4 Dynamics of Consumption, Net-worth and Assets

In this section we investigate the dynamics of entrepresensumption, net-worth and firm as-
sets. In each time period, an entrepreneur receives a rapdgject return, which determines
consumption and net-worth in the following period. Figufeshows the density functions of the
distribution of net worth and consumption after 5, 10, andi2 periods for a person with risk

2/Chen, Miao, and Wang (2010) study how risk aversion and yaiosatic firm risk @ect firm capital structure
and default in a model with fixed scale and CARA preferencég gaper shows how the standard corporate finance
approach breaks down when idiosyncratic risk cannot bersified away. They find that borrowing rises with risk
aversion, while it falls in figure 8.
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Figure 10: Pdf of net-worth and consumption foe 1.5 after 5, 10, and 20 time periods

aversiorp = 1.5, the model’s estimate for the median entreprei&lihe densities shown are for
the case of the locally slack constraint — the predictionghef model with the tight constraint
are very similar. The density functions for consumption aettworth are closely related, since
consumption is the same fraction of net-worth in all nonadéfstates. At the start of the model,
net worth is normalized to 1, but the density functions assignificant mass to points less than
1, which means that these unsuccessful entrepreneurs ¢osymOn the other hand, the densities
have a “fat” upper tail, indicating that some entreprenéuange the chance to be very successful.
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Figure 11: Entrepreneur & non-entrepreneur dynamies,1.5: 10%, 25%, 50%, 75% quantiles

We next compare quantiles of the distributions of net-wartd consumption for two types of
individuals with risk aversiom = 1.5: an entrepreneur with access to a production technology
and a non-entrepreneur whose consumption and net worthaaesl entirely on a deterministic

28To determine the density functions we first use Monte Cartaations to generate firm returns. We then deter-
mine the density function by applying a Gaussian kernel itheastimation to the generated data.
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endowment?® In figure 11, the solid lines show the deterministic net-Wwamd consumption pro-
files of the non-entrepreneur. The dashed lines are the 18%, thedian, and 75% quantiles of
the distributions of the distributions for entrepreneiirgVe find that the median entrepreneur has
higher net-worth in all periods compared to the non-en&reeur, and only the bottom 10% of
entrepreneurs do worse. The wealffeet from having access to a project implies that all entrepre
neurs have slightly higher consumption in the initial pdrioompared to non-entrepreneurs with
the same utility function. Similarly, only the consumptiohthe bottom 10% of entrepreneurs is
lower in subsequent periods, while the upside gains for 8 quartile are substantial. The figure
shows that entrepreneurs are very successful at minimihmgubstantial downside project risks
evident in the previous figure, while retaining access tajftsde gains.
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Figure 12: Entrepreneur & non-entrepreneur dynamies0.8: 10%, 25%, 50%, 75% quantiles

Figure 12 compares the dynamics of an entrepreneur andmtogpeenuer (solid line), when
both have with low risk aversion @f = 0.8. Compared to figure 11, lower risk aversion results in
entrepreneurs willing to run projects at a larger scalegitnerisking bigger losses. Now the net-
worth of the bottom 25%, instead of just the bottom 10%, isWehat of the non-entrepreneur for
all 24 time periods. On the other hand, the most success#utitpiof entrepreneurs has a net-worth
in period 24 that is about 5 times higher than the 1.5 entrepreneurs. The lower risk aversion
and increase in the intertemporal elasticity of substtutiesult in lower initial consumption for
entrepreneurs. It takes 6 years for the top quartile to capcko the consumption of the non-
entrepreneur, while the median entrepreneur must wait 8dgse The median entrepreneur also

29\We assume the non-entrepreneur has access to the sameddamsatrepreneur to focus solely on théetence
between being endowed or not with a production technology.

30In each time period a ffierent entrepreneur may be at a particular quantile. For phara firm that ends up in
the 75% after 20 years could have been at the bottom in thédiwsgears and then experienced success in later years.
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ends up with net-worth that is only about two times that ofrtbe-entrepreneur. If the entrepreneur
had known at the outset that he would end up at the mediankéky hvould not have started
the project. In contrast, for the top quartile entrepreskeir is a path toward wealth and high
consumption. Thus, entrepreneurs with lower risk aversignwilling to significantly reduce
their current consumption in the hope of a future reward thdar from certain. This attitude
is reflected in comments made by David Siegel, CEO of Westgas®rts, in a November 2012
E-mail to employee$d! “I started this company over 42 years ago. At that time, Idiiea very
modest home. We didn'’t eat in fancy restaurants or take estpemacations because every dollar
| made went back into this company. Meanwhile, many of mynfile . . spent every dime they
earned. They drove flashy cars and lived in expensive hontesvare fancy designer clothes. |
put my time, my money, and my life into this business—with siam that eventually, some day, |
too, will be able to &ord to buy whatever | wanted.”
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Figure 13: Dynamics of firm assets for= 1.5.

Finally, the left panel of figure 13 shows the dynamics of ess&& the median entrepreneur
with p = 1.5 for the 25%, 50% and 75% quantiles. The top 25% of firms witbcally slack
constraint are larger than those with a tight constrainte edian firm is about the same size
under both regimes. For the bottom 25% firm size is zero aftgedss with the locally slack
constraint and after 7 years for the tight constraint. Firne ¥ecomes zero for 11 periods after
default, when the firm is unable to operate. The fraction aidithat are not operating is shown in
the right panel of figure 13. At= 0 we start with a cohort of entrepreneurs witk 1.5. The firms
that default cannot operatetat 1. Att = 2 firms that default are added to the number of those
that do not operate. At= 13 the cohort of firms that defaultedtat 1 can again operate, which

31Seehttp ://www.nbcnews.com/business/if-obama-re-elected-youll-be-fired-ceo-tells-workers-1C6385413?
streamSlug=businessmain
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generates the peak of both curvesatl2. Thus, up td = 12 the graph shows the fraction of firms
that do not survive, 44%, when the borrowing constraint¢ally slack, and 38% when it is tight.
At t = 24, about 37% of entrepreneurs are not operating a firm whetdhrowing constraint
is locally slack, and 33% with the tight constraint—the frags in the long-run steady state are
the same. In summary, in a world with slack credit constsafetver potential entrepreneurs will
operate firms, but those that do will operate at a larger scale

According to BLS datd? the yearly survival rates of firms is remarkably stable oiraet In
their initial year, about 80% of firms survive. After beingaddished for 5 years, the probability
of surviving another year increases to about 91%, and to 9%&t about 15 years. Thus, if
one considers startups, about 30% of firms will be operatitey 42 years. Since the SSBF
data focuses on established firms rather than startups, eeddsbxpect the calibrated model's
prediction to better fit firms that have already survived ayears. The triangles in figure 13 show
the cumulative exit rates of firms that opened in 1994, com on surviving the first 5 years
(e.g., the first data point is the fraction of such firms thateekbetween 2000 and 1999). The
exit rates in the data are somewhat higher than those geddrgtthe model. One reason for this
difference may be that in practice some entrepreneurs quit feop& reasons rather than because
their business fails, which is not captured by the model.

5 Concluding Remarks

Willingness to bear risk is often thought to be at the corentfeppreneurship. The goal of this paper
is to understand how owner risk aversidfeats small firms and how forward looking entrepreneurs
use firm scale, capital structure, default and consumptionanage the significant business risks
they face. We find that small dlierences in risk preference arefiszient to match SSBF data.
The empirical distributions we match (net worth, firm sizapital structure) show substantial
heterogeneity, yet the underlying heterogeneity in risglied by the model is modest. More risk
averse entrepreneurs run smaller, more highly leveraged firith more negative equity than their
less risk averse counterparts. Entrepreneurs at the lowdenfeour risk aversion range are willing
to forgo consumption to grow their firms in the hope of futue/ards that may never materialize.

In a static model firms default if and only if they have negatquity in the terminal period,
and more leveraged entrepreneurs would therefore defaalbaher rate. In a dynamic model
a firm has a continuation value, which in turn depends on tbgegt's scale, the firm’s financial

32http://www.bls.gov/bdm/us_age_naics_00_table7.txt
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structure and the owner’s net-worth. To better understafiaudt in a dynamic setting, we decom-
pose the decision into its constituent parts: the level débitedness, the entrepreneur’s ability to
inject personal funds into the firm, and the entreprenewrsamption loss from not being able to
operate a firm, which influences the entrepreneurs willisgrnie avoid default. We analyze how
the components vary with risk aversion.

We use a composite lender to aggregate the many sources fhoch frms obtain loans —
banks, trade credit associations, leasing companies, @it cards. In future work it would
be useful to model the problems of thesfatient lenders. For example, it would be instructive to
consider the problem of a bank that must attract depositsehke loans, subject to default risk and
regulation. Similarly, Eisfeldt and Rampini (2008) showttrade credit and leasing are important
when lenders face information and enforcement problemis, 4 case for small firm®. Also,
general equilibrium #ects are important in credit markets. Increased loan demdlhthise the
cost of external finance, which willfftset some of the gains. We focus on idiosyncratic firm risk,
which is particularly interesting in this setting, becaftigas are not tradable, and hence the owner
cannot diversify this risk. Nonetheless, aggregate risk@nrelated shocks would be interesting
extensions to further explore the macroeconomic implcetiof the model.

330ur lender can infer agents’ risk aversion (e.g., from then request), thus adverse selection and moral hazard
do not occur. Paulson and Townsend (2006) distinguishéuirigbility from moral hazard in a model of entrepreneur-
ship, which would be another interesting extension in oudeho
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6 Appendix

6.1 Proof

Proof of Theorem 1. First, substitute/s(w) = w'*vs andVa(w) = w'*vg into the right-hand
side of the objective of problem 1 and in constraint 2. We get

Vs(w) = m%u(c) +,8[L((1 +1)(w— €A - ¢))Pog dF(X)

+ | (Ax=0)+ @ +1)w- A=) FrsdF(X)|;
e

Subiject to:
f (1- 6)x dF(X) + f sdF(X) > (L- &)(L+r1) (23)
B Be
xeB s vg((L+n)(w=eA=c))" > vs (A=) + (L +1)w-eA—c)) " (24)
(1-e)A<bw (25)
CA>0 O<e<l (26)

Let A > 0 and let current wealth be. We must prove tha¥s(iw) = A¥*Vs(w).

Suppose that the entrepreneur’s wealtlliusand consumption is changed Ag, the firm’s
assets talA, while e remains unchanged. Then

A vg (L +1)(w - eA- c))l_p = vg (1 +1)(Aw — eAA - /lc))l_p , and

AP (A(X -0+ 1+ r)(w —eA- C))l_p = vs (/IA(X -0+ (1+ r)(/lw — elA - /10))1_ )

This and (24) imply that bankruptcy s& remains unchanged. Thus, (23), (25) and (26) are
satisfied. Next, note that the right-hand side of the objeathanges by the factdt*. Because
Vs(Aw) is the maximum utility of the entrepreneur given wealth it follows that

Vs(Aw) > 21Vs(w), (27)

for all 2 > 0. Thus,
Vs() = Vs (3aw) > £ Vs(aw),
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which implies that (27) holds with equality. Substitutimg= 1 andA = w in (27) immediately
implies thatVs(w) = w'*vs. The proof thavg(w) = w'*vg is similar.

Finally, it is straightforward to show that

Vs(w) = % + VS
VB(LU) = % + VB

Lemma 1 Constraint 1 of Problem 1 binds.

Proof of Lemma 1. Immediate: Suppose by way of contradiction that constr@dihis slack.
Thenv can be lowered thereby increasing the g&yonon-bankruptcy state¥s(A(x —v) + (1 +
r)(w — eA - c)). Thus, the objective of problem 1 increases, a contradicfiom

Lemma 2 Suppose thaB is non-empty. Let

1
()
Us

Then®B = {Xx < X < x*}. Conversely, if x> x, then bankruptcy s&8 is non-empty?>

(L+r1)(1-eA-0)
A

Sk

X

=p-

(28)

Proof of Lemma 2. If the entrepreneur chooses to default, the entreprenetility is

1-p

W) =@ +r)(1-eA-c)| " ve. (29)
Otherwise, if the entrepreneur does not default, then tiligyus
U3 = [Ax =) + (L +1)(1 - eA=c)| s, (30)

Note thatx € B if uB(x) > uS(x) andx ¢ B if uS(x) > uB(x).
Suppose that®(x) > uB(x). We show thatiS(x’) > u(x) for all X > x. Note that
d(u3(x) - u¥(x)) _ (1-p)Avs

_ 0
dx [(@+1)(1-eA-c)[ ve -

34The direct &ect is to increase the entrepreneur’s péyy decreasing required payments to the lender and the
indirect dfect is to lower the bankruptcy probability.

35At realizationx*, the entrepreneur is infiéerent between default and continuing to operate the firm.sT®)
must hold with equality. Solving (2) fox* implies (28).
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Thus,uS(x) — uB(x) > 0 implies thauS(x') > uB(x’) for all X' > x. Similarly, u®(x) > uS(x) implies
uB(x) > uS(x) for all X < x. Let x* solveu®(x*) = uS(x*). Then the bankruptcy set is given by
B = {X|x < x < Xx*}. (29) and (30) imply

[(@+n(1-eA-c)] (l”_Bp)l_p = [AX -0 + @+ 1)(1- eA-o)] (lv_sp)l_p,

which implies (28).

Now suppose thax* is given by (28) andk* > x. Then by constructiony>(x*) = uB(x").
Further, the monotonicity result established above inspiféx) > uS(x) for all x < x* anduS(x) <
uB(x) for all x> x*. Thus, the bankruptcy set is given By= {x]Xx < X < X’}. m

Proof of Theorem 2. Let A(vs) be the maximum entrepreneur utility in Problem 3. We must
prove there exists; such thatA(vy) = vg. Firstletp > 1. Suppose thak = 0. Thenvg < 0. As a
consequence)(0) < 0. Now letus be the entrepreneur’s expected utility from autarky.

yeen

Subject to:

Note that ifvs = vs and we choos@ = 0 in problem 3, then we get the autarky utility. "Thus,
optimization implies thaiA(vs) > vs. SinceA is continuous, the intermediate value theorem
implies that there exists a fixed poirit

Forp < 1 we re-normalizel,(x) = (X! — 1)/(1 - p). Then lim,,1 u,(x) = In(x). Suppose that
vs = 0 and thau(x) = In(x). We show that\(vs) < O.

Letwy = 1 — €A be the amount of net-worth not invested in the firm. Becausedmtinuation
paydt from non-default is zero we get

.
A@Q)= max > p'In(c) (3D
et 0

Subject to:

o G
Swo
;(1+r)t
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Furthermore, it is sficient to prove that the objective of (31) is negativedgr= 1, because the
objective is increasing imy.

The first order conditions immediately reveal that

= (Lo G= 7ok (32)
Substituting (32) into the objective of (31) yields
T T
D BIn(@+1)'8) + > pIn(co). (33)
t=0 t=0

If B(1+r) < 1then (33) is strictly less than 0. Thus, there exi&s$ with (1+r(8))3 > 1 such that
A(0) < O forallr < r(8). By continuity there existp < 1 such thatA(0) < O for p > p. Finally,
A(vs) > vs for the autarky level of utilitys. Thus, cantinuity ofA implies the existenge of a fixed
pointvy. m

Proof of Theorem 3. LetC;,, t € N be the stochastic process that describes optimal consampti
when risk aversion ig, starting with one unit of endowment it 0. Letu, be the CRRA utility
function with relative risk aversiop.

Letc, be given by
u,(C,)

2 PuE) = 775 = ) FELC) (34)
t=0 t=0

Letp < o. Then there exists a strictly increasing and strictly cordanctionh such thah(u,) =
U,. Thus, (34) implies

Up(Cr) = (1= B) Y FE(UACio)] = (A= B) Y FEIN(U,(Ci))]
t=0 t=0
<(@-8)Y. Bh(E[u,(Ci)]) <h ((1 -p) > FE[U,(Co)] (35)
t=0 t=0

<h{1-p) ZﬁtEt[up(Ct,p)]] = h(u,(c,)) = u-(c,).
t=0
Thus, if we indexs by p to show dependence of on risk-aversion, (35) implies

G, = (15,1 - AL ). (36)

wherec, is strictly decreasing ip.
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Next, consider the bankruptcy problem, which Toe « reduces to
(e8] (e8] Ct
UBp = maXZBtup(Ct), S.t. Z m =1 (37)
¢ o t=0

The first order conditions of (37) immediately imgty(1 +r)'u/ (c;) = B*(1 +r)**u (cr.1). Thus,
B(1+r) = 1implies thatc, = ¢4, i.€., consumption is constant and independent of risksawer
o, which we denote bgg. Thus, (37) implies

1
Cs = (ve,(1—B)(1—p))"™". (38)
Thus, the consumption loss
o=
1_("5_”3) _1-8 (39)
Usp Csp

is decreasing ip.

Note that the second statement of the theorem follows fromtirwoity. m

Proof of Theorem 4. We consider the case with the locally slack borrowing camstr Thus, (7)
is the only binding constraint, and we can use the constraimplicitly solve forv as a function
of A, €, andc.

Let u, be the CRRA utility function with risk aversiop. For any risk aversion parameters
o > p, there exists a strictly increasing and strictly concavefionh such that(u,) = u,.

Using the definition ot andcs, from the proof of Theorem 3, define
0(x; p, A, €,C) = max{cB [(1 +1)(1-eA- c)] ,Cs,p [A(x ~ (A €,0) + (L+r)(1-€eA- c)]} (40)

Then the optimah, e, andc must solve

u,(c)

max
Ae,C

+ [ 46 A c.0) R0 (a1)

We start with the first-order conditions with respectAo To shorten notation, we drop the
arguments andc from 6. Thus, we get

[ e p. Aot p.A) dF 00 = 0 2)
where
%H(X; P, A)) = —(1 + r)ecalixex (ay(X) + (x -v- Aag(:)) — (L+1)e|Csplpen@y(X).  (43)
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Using the fact thati,(-) = h(u,(-)), the optimal asset levé, satisfies
0
[ 1606 0 A 006 7 A 006 A BF(R) = O (44)

Note that there existg, such that%é(x; p, A,) < 0 for all x < X, and Z6(x; p, A,) > 0 for all
X > %,. Leth = i (u,(0(%-; o, As))). Sincel' is strictly decreasing, it follows that

0= [ W (006 0 AN (00 0 A0 . A AF(X)

_ P (45)
<h f (606 0 A)) 52006 . A,) dF ()
We next show that decreasingto p raises the right-hand side of (45).
(9 / . a . (9 X / . a .
gfup(e(x, 0, A)) 52006 o As) F(x) = £L U (0(% o Ar)) 77 6(% o, Ar) dF (%)
(R o(x;, o, Ay)) 0Cse 0(x;0,As)) 1 OCs,
- f 606 0 A TR 60 A TR T ()
ox _ L Ov(A
- U 0x 0 A) [(x _i-A Z(A))cs,p (L +1)e(cs, - cB)] ()
0y [C w006 o, A6 0, Ar) (% 0, A)) 1
== fx w (0(x; O',Ag))( 0 (606 0 A))Cor + A CS,a') dF(x) (46)
ox _ oA
- U 00X 0 AY) (x* _i-A i;(A))cs,p (L +1)e(cs, - cB)] ()

_ 1 dcs, f u (0% o, AJ))(_eraiAe(x; O',Ag)) dF(x)

B Cs.o oo -
ox° 50(A)
0A

U (000 A)

(x* -v—-A )cs,p — (L +r)e(cs, — CB)] f(XY)
Theorem 3 proves that increasimdowerscs,, . Hencea% < 0. Further, (45) ang%e(x; o, A) <
0 for x < x* implies

0< fo’?u;(Q(X; o, Aa))%@(x; o, A-) dF(x) < ffu;(e(x; o, Ao))%é)(x; o, A,) dF(X).

X

Thus,

1 9o f ' w,(6(x; o, A,)) (—P + %H(X; 7 Aﬂ')) dF() <0,

Cso oo «
for all suficiently smallp. Further, if the default probability is fliciently small, then the single-
peakedness of the return distribution ensures flg&t) is small. Thus, the derivative in (46) is
negative. This, and (45) imply

| e p. A5 R8060. A AF) > 0 @)
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At the solution of the optimization problem, the objectiveishbe locally concave. A4, the
partial derivative is positive, i.e., in order to obtain thytimum we must increas& from A,
henceA, > A,, i.e., asset are decreasing in risk aversion.

The proof thak decreases with risk aversion is similar. To simplify natative dropc andA
in functiond to get,

0 Ov(A
—O0(X; p, €) = —(1 + r)AcsLixcx(en(X) + |A ()
Oe Oe

— (L +1)A|Cspliex (o) (X)- (48)
The first order conditions for an entrepreneur with risk ai@Tp is

[ wietp. oot 6)dF9 =0 (49)

and for risk aversiownr
[ 10006 o ) 0% 7 ) 00, ) A0 = O (50)

Note that (43) implies thag-0(x; p,€) < O for all default states. Thus, for (50) to be satisfied,
20(x; p, €) > 0 for all non-default states.

The same argument as in (45) can therefore be applied to prave

f u,(6(x; o, e(,))%e(x; o, €))dF(x) >0 (51)

Thus, we must increasefrom e, to get to the optimal value,. Hencee is decreasing in risk
aversion.m

6.2 Construction of the Distribution of Firm Returns

Herranz, Krasa, and Villamil (2009) use the 1993 SSBF to atmthe ROA because it includes

interest payments. They exclude unincorporated firms tsecthe SSBF data do not account for

the entrepreneur’s wage from running the firm. They assuateathfirms have access to the same

constant returns to scale “blue print” technology, thusrétarn per unit of asset for a particular

firm is a sample point from the distribution of this techngloghe firm’s nominal after-tax ROA

> o Profit after taxes Interest Paid+ 1
Assets

Interest paid is added to after tax profit because the ROA imciside payments to debt and equity
holders®® The nominal rate is adjusted by 3% for inflation (BLS CPI 199RDA is computed

(52)

36\We use after tax returns as this is relevant for an entreprenalecide how much net-equity to invest.
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instead of ROE because many firms had negative equity (alé8atid the 1993 SSBF and 21%
in 1998). Many of these firms stay in business because owserparsonal funds to “bail out the
firm.” Computing a ROA and modeling owners’ allocations ofiitgand debt accounts for this.

6.3 Numerical Procedure

Given model parameters, compute solutions to problem lasv& For fixedvs, use the first order
conditions to solve for the optimum. (9) is always slackesio+ €A = 1 would imply zero future
consumption. We need only verify if (10) and (or) (11) bind dhecking for positive Lagrange
multipliers in the first order conditions. Inserting thewgadn of the first order conditions into the
objective yieldsA(vs). To find a fixed point, compute slop¥€(vs) by the Envelope Theorem or
compute the dierence ofA betweerws and a point, giving solutione, A, ¢, v. Section 4.1
explains how to go from these point estimates to cdfs. Com@[ﬁtom the first order condition
using the fact thais — oo asp L;_).38

Table 6: Comparative statics for. Fix ry = 1.2%,r = 4.5%,8 = 0.97,6 = 0.10

T 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 | 16 | 20
medA% | 56.2| 54.4| 52.7| 51.1| 49.6| 48.1| 46.7| 45.4| 44.3| 43.3| 42.4| 38.9
default%| 6.1 | 56 | 5.3 | 50| 47 | 44 | 42| 40| 3.8 | 36 | 35| 29
cons.%| 3.7 37| 37| 37| 37| 36| 36| 36| 36| 36| 36| 3.6
negeq%| 84 | 88 | 9.3 | 9.7 | 10.0|/10.6|11.1|11.9| 13.4| 15.1| 17.0| 21.0

6.4 The Impact of Bankruptcy Policy: T,

Bankruptcy Exclusion Period T: Consider the #ect of changes imT on the owner’s pay,
where longer exclusion raises the penalty of bankruptchleré fixesu, o, b, and evaluates the
effect of altering the exclusion period from the benchméark 11 for the model with the tight
constraint. AsT decreases default increases rapidly. Firm size increaseasured by median
asset leveA. Becaus# is fixed, the decrease in total investment results in a deereeequity and
an increase in debt, which raises negative equity. One ahtkia economic arguments in support
of recent U.S. bankruptcy reform was that more stringenkhapicy rules lower interest rates,

3’Computing ROE is misleading for firms near distress. For fiwitl low but positive equity, small profit gives a
high percentage return. Also, many loans are collaterdlizeok value of equity understates owner contribution (the
“correct” value of equity).

38Choose a large value fag, solve for the remaining parameters includjmgwhich approximateg. In other
words, rather than solving the fixed point problemdersolve it forp. -
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Table 7: Hfects asl' Varies: % change in net-worth compared to benchmark

risk aversiorp | 09 | 1.2 | 15| 18| 21| 25| 30| 35| 4.0
T=6 369|112 77| 6.1 50| 39|31|26]| 22
T=8 198 551391302419 |15]13| 11
T=10 6313|211/ 08|07|05|04|03|0.3
T=11 — e el e B B e B
T=12 -36|-0.7/-09|-0.7|-05|-0.4|-0.3|-0.3|-0.2
T=14 -76 | -441-21|-18|-14|-1.0|-0.8|-0.6| -0.5
T=16 -12.7| -65|-3.8|-24|-20|-15|-1.1|-09]| -0.7

and therefore help borrowers. The loan rate indeed de@eaSe increases. However, stricter
bankruptcy provides less insurance against bad realigtiand this flect dominates. Table 7
shows that lowering the exclusion period increases the dsvpaydt, and the model implies that
itis optimal to sefl’ as low as possible. Decreasihgs beneficial because it allows a firm to restart
and be productive, in accordance with the historical ratierior bankruptcy, though = 0 may
not be possible or desirabté. The downside of lower T is increased risk absorbed by lenders
such as banks, whose own risk of default increases, a coatootnted for in our model.

The tradeff between insurance provided by firm bankruptcy and higherést rates induced
by increased default has been analyzed for consumer banirbp Chatterjee, Corbae, Naka-
jima, and Rios-Rull (2007) and Livshits, MacGee, and Te(@007). In both models consumers
trade df insurance against health, divorce or family shocks versamswumption smoothing; the
signs of the tradefs differ but the welfare ffects are modegf. Meh and Terajima (2008) add
unincorporated entrepreneurs to the model, and find a largkare dfect of 1.78%. In contrast,
table 7 reports strongffects from reducing the exclusion penalty in our model, palgirly for
agents with low levels of risk aversion. The main reasonlierditerence between our model of
firm bankruptcy and the consumer bankruptcy models is tltataiag the punishment period en-
courages entrepreneurs to invest more in their firms ancatgat a larger scale, which increases

3%\We have complete information, but information frictionswid make a very lowl undesirable. Suppose en-
trepreneurs could choose between the blueprint returriliisbn and an alternative with more risk than is socially
desirable. In an institutional environment in which straxgante and interim screening mechanisms exist and penal-
ties are credible, a smdll can be sfficient to avoid moral hazard or adverse selection. In cohauntry with poor
institutions would require a largdr to deter entrepreneurs from choosing the alternativeilligion, thus generating
additional indficiencies.

4% our model credit is secured, for example by a house, and libbek” is a poor returrx rather than the health,
job, divorce or family shocks in the consumer models. The fiesper finds that when punishment is reduced from 10
to 5 years welfare drops by 0.05%, thus the negatiferefrom a higher interest rate and tighter borrowing carstr
slightly dominates the insurance benefit of a shorter punésit period. The second paper shows that the insurance
effect is sometimes weakly dominant, but again tfiea is modest.
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output. In this sense, even though we do not find extremeti@igin p, risk interacts with the
dynamic decision problem, return distribution and bankecypules to have an importantfect on
some (heterogeneous) agents, namely those that inveshewasly in their firms.

Bankruptcy Cost §: One can show that changing the costs of bankruptcy has onlpar effect

on the model’'s endogenous parameters. Howevéisifvery large and there are large fixed costs
to creditors to recover payments in default, agents wiltargvoid costly bankruptcy, through debt
forgiveness or renegotiation. The static model of Krasar®h, and Villamil (2008) shows that
when courts are sticiently indficient substantial deadweight losses are possible.

6.5 Counterfactual Exercise: Empirical vs. Normal Returns

The features of return distributiof(x) are important for understanding entrepreneur behavior.
We conduct two counterfactual experiments to show thatehem distribution is important. The
experiments replace the empirical ROA distribution coreddtom SSBF data, keeping all other
benchmark settings the same, with twéfelient normal distributions.

Best Fit Normal Distribution. Let ¢, be the density of a normal distribution with meamand
standard deviatioor andf be the density of the SSBF distribution. Solve misup, |¢,. - (X)— f(X)

to find a normal distribution that best approximates the eicgdidensity function. The resulting
values areu = 1.193 ando- = 0.394. In order to fit the “middle” this normal distribution has
less mass in the tails and, as a consequence, is less riskg, When re-calibrating the model,
median risk aversion increases from 1.55 to 2.33 but at theedame, for givenp, the lower
project risk in this normal distribution encourages enteepurs to run larger firms. Default is
lower, again because this normal distribution has a thitmeer tail. Finally, the thinner upper
tail implies that less firms will be “lucky” and have a very gbealization. In order to match the
distribution of net-worth invested, firms must be more leged: Given two solvent firms with the
same realization, a more leveraged firm earns a higher rbegause the owner receives a higher
residual after making the fixed debt paymé&hfThe somewhat higher level of debt also implies
that more low realizations will result in negative equitydethe predicted percentage of firms with
negative equity increases from 10.6% to 13.7%.

Normal Distribution with SSBF u, o. Figure 1 compares the SSBF pdf with a normal distribution
with the same mean and standard deviation. Table 8 shows#u#ts for this distribution are
significantly at odds with the data, highlighting the im@arte of the return distribution. First,

4IThis also explains the higher valuelof
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Table 8: Counterfactual Experiment: Normal Distributions

Parameter Data Empirical f(x) | Best Fit Normal Normal
SSBF 1993 | u=1.193,0=0.3938| 4=1.300,0=1.193

u 1-3 1.55 2.33 445 10°

o NA .83 1.11 7.9x% 10
b% NA 21.5 30.0 23.4
fit NA 0.042 0.040 .045
median A%| [43.1,51.9] 48.1 54.7 38.6
default % 3.5 4.4 15 61.0
cons. % 3-5 3.6 4.9 3.1
neg. Eq % 15.7 10.6 13.7 64.4

the fat tails lead tg ando- with all point mass ap andp, wherep is the highest risk aversion for
which we compute a solution. Generally, we can chgosdhciently high that the mass abopés
negligible; this cannot be done for this normal distribatwith fat tails ang affects the result&
Second, the model predictions in the last column of tablee8raplausible.

42Upper boungb is needed for computation; it is impossible to compute $ohstfor a fine grid@, o).
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