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1 Introduction

Entrepreneurship has always occupied a special place of esteem in the United
States. “A business of my own” has been the recurring dream of generations
of wage earners. In 1992, over 15 million tax-payers filed Schedule C, “Profit
or Loss From Business.” There are about 5 million full time self-employed
people if we count only heads of firms that have employees, which is more
than 3 percent of the total labor force (Kirchoff 1994). The US government
plays an active role in promoting entrepreneurship. Through the Small Busi-
ness Administration, about $3 billion is put into the small business commu-
nity annually in the form of loans and grants. A central issue that concerns
economists as well as practitioners is then: should the government interfere
in the capital market, and if so, which policies should the government adopt?
The purpose of this paper is to provide an answer to this question. Specif-
ically, I develop a dynamic general equilibrium model with explicit capital
constraints and endogenously determined occupational choices and then use
it to study the interactions of capital constraints with business creation and
development, and to conduct policy experiments.

The model is consistent with the following observations documented by
recent empirical analysis: (i) the probability of becoming an entrepreneur is
positively correlated with an individual’s ownership of assets; (ii) the prob-
ability of becoming an entrepreneur is negatively correlated with an indi-
vidual’s opportunities in the labor market; (iii) business investment size is
positively correlated with an entrepreneur’s net assets; (iv) business exit rate
is negatively correlated with an entrepreneur’s net assets. Two features of
the model, uninsurable income risk and costly financial intermediation, con-
tribute to this consistency. The inability to perfectly smooth consumption

over time makes poor agents more risk averse and therefore less willing to



bear risks and become entrepreneurs. Costly intermediation makes external
finance expensive and entrepreneurship less appealing to the capital con-
strained.

The model is calibrated to match selected statistics in the US economy.
In particular, I reproduce the labor income dynamics of households obtained
from the Panel Survey of Income Dynamics (PSID) and the firm size dis-
tribution, and growth and exit rates by firm derived from the Longitudinal
Research Data File (LRD). The model also captures the main patterns of
firm size and exit rates with respect to age as documented by empirical stud-
ies (Dunne et al.,1989a, Peterson and Rajan 1994), and performs well in
replicating the wealth and income inequalities of the US economy.

Given the empirical success of the model, I proceed to conduct two sets
of policy experiments. First, I investigate the cost of income taxation with
capital constraints and compare it to the case without capital constraints.
Secondly, I evaluate the welfare implications of interest subsidies and in-
come subsidies. Interest subsidies are a proxy for the popular loan guar-
antee programs where government subsidizes the interest payments of new
entrepreneurs. Income subsidies function like government grants to new en-
trepreneurs. The main results can be summarized as follows: (1) using the
criterion of “constant revenue,” income taxes, either uniform or lump sum,
are more distortionary here than in a representative agent economy without
capital constraints and with complete insurance; (2) small amounts of both
income subsidies and interest subsidies are welfare improving; (3) income
subsidies perform better than interest subsidies in terms of social welfare
and total output; (4) there exists an optimal level of income subsidies. Small
amounts of government subsidies help relax the binding capital constraints

new entrepreneurs face so that their entrepreneurial as well as investment



decisions are less dependent on their wealth and hence their income history.
However, the role of government subsidies is bounded since the marginal
gains from the subsidies decrease with the subsidies while the marginal cost
increases.

The rest of the paper is organized as follows. In section two I briefly
review the related literature. In section three I develop the model, define
equilibrium and present theoretical results. The model is calibrated to the
US data in section four, and then compared to a representative agent economy
in section five. In section six I conduct policy experiments. The last section
concludes the paper. Appendix A contains proofs of propositions. Appendix

B describes the computational method.

2 Related Literature

An extensive literature has argued that capital constraints play important
roles in business creation and development. Evans and Jovanovic (1989),
Evans and Leighton (1989), Holtz-Eakin, Joulfaian and Rosen (1994a, 1994b),
Blanchflower and Oswald (1990)! analyze the relation between entry into en-
trepreneurship and wealth. Their results show that there is a positive corre-
lation between the probability of becoming an entrepreneur and individuals’
ownership of assets. Other authors (Carpenter, Fazzari and Peterson 1994,
Hoshi, Kashyap and Scharfstein 1991) document differences across borrow-
ers in the structure of loan contracts, and the relation of these differences

to the use of internal funds. They find evidence of significant capital mar-

"Holtz-Eakin, Joulfaian and Rosen (1994a), Blanchflower and Oswald (1990) are par-
ticularly interesting for two reasons. First, their measure of assets is gifts and inheritances,
so it is arguably exogenous to the decision to enter self-employment. Second, they find an
effect of assets that is quantitatively large as well as being statistically significant.



ket imperfections even for publicly traded manufacturing companies.? Light
(1972), Sowell (1981), Meyer (1991) and others argue that lending by formal
institutions is not very important in the establishment of small businesses.
Bond and Townsend (1996) also find that bank financing is little used for
business start-up, which suggests that start-ups are more capital constrained
than incumbent businesses.

The notion that small and start-up businesses face special problems com-
pared to large ones has long been recognized by practitioners. These special
problems include: (1) small businesses suffer from a chronic shortage of own
funds; (2) credit is generally more costly for small businesses to obtain com-
pared to larger businesses, which are able in many cases to negotiate the
terms of loans; (3) small businesses have - owing to high risk factors - greater
difficulty in financing intangible investments (such as research, training, qual-
ity improvement, etc.) which in many cases are vital to their growth. As
long ago as 1931, the Macmillan Committee in the United Kingdom pointed
out the existence of these special problems. The January 1982 survey of
members of the National Federation of Independent Business (NFIB) finds
that 33% of the respondents rated “interest rates and financing” as the most
important problem which they face as small business persons.

The belief that capital markets do not provide adequate funds for small
and start-up businesses is one of the rationales for government assistance pro-
grams in many countries. Almost all OECD countries and many developing
countries apply special measures and schemes which aim at improving the
economic and technological environment of small and new businesses, thereby
facilitating the establishment and growth of these enterprises. Though the

range and importance of these provisions are markedly different across coun-

2Weinberg (1994) on the other hand argues that many of the differing firms’ financing
behavior can be explained by the life cycle of firm’s development.



tries, they are influenced by similar considerations. Among them, the diffi-
culty in raising finance, both for day-to-day operations and for investment in
capital and equipment, seem to have played an especially important role in
the policy discussions.

There is no consensus among economists with regard to the performance
of these government programs, in part due to the lack of a standard gen-
eral equilibrium model. Since the act of redistributing resources and income
associated with subsidies typically introduce distortion, the consideration
of the redistributive impact of a government program is incomplete with-
out understanding any efficiency costs related to the program. A number
of authors have studied the impact of agency costs or incomplete financial
markets on investment (see DeMeza and Webb, 1987, 1988, 1989, Bernanke
and Gertler, 1989, 1990 and papers cited in their work). For the most part,
they are carried out in static or partial equilibrium frameworks that assume
little aggregate distortion and concentrate largely on the impact of subsidies
recipients. This paper sets up a dynamic framework to study the inherently
dynamic processes of occupational choices, and business creation, growth and
destruction, and to provide a quantitative as well as qualitative assessment
of government policies. The role of government intervention comes from
two sources. First, income redistribution alleviates the capital constraints
many agents face and provides liquidity for them so that their occupational
choices will be less dependent on their assets or their income history. This is
reminiscent of the cross-subsidization role for government suggested by the
adverse selection literature (DeMeza and Webb 1987, 1988, 1989, Smith and
Stutzer 1989, and Robert Innes 1991; Gale 1991 and Lacker 1994 dispute this
view). Secondly, government and private agents face different enforcement

problems. Distribution of subsidies differs from lending in that the former is



a one-way transfer while the latter is a two-way contractual arrangement. It

is costly to enforce noncollateralized loan payment.

3 Structure of the Economy

The key features of the model are: (i) uninsurable income risk faced by
households takes the form of idiosyncratic shocks to their labor productivity;
(1) occupational choices are endogenously determined; (i7i) households are
infinitely lived; (iv) entrepreneurs face idiosyncratic productivity shocks and
(v) the financial market is incomplete.

The modeling of the consumption side of the economy belongs to a larger
class of models with heterogenous agents whose importance has been stressed
by many authors (Aiyagari 1993, Imrohoroglu 1989, Imrohoroglu and Hansen
1991 and Hugget 1993). My way of modeling the occupational choice follows
Banerjee and Newman (1993). Erosa (1995) and Quadrini (1996) model
occupational choices similarly. The production side of the economy extends
Hopenhayn and Rogerson (1993), where firm level dynamics are generated
through time varying idiosyncratic productivity shocks, and the exit of firms
is determined by a sufficiently low realization of the productivity shock. The
main difference here is that in addition to labor, I introduce capital as an
input and the financial market is incomplete, by doing so I allow for full-

fledged capital accumulation.

3.1 The Environment

3.1.1 Preferences

I consider a discrete time and infinite horizon economy. A single good is pro-
duced in each period. Capital at a given date consists of output accumulated

up to that date.



There is a continuum of infinitely lived agents with unit mass. Agents
maximize the expected sum of discounted utility E 322, 3'U(c;), where 3 is
a subjective time discount factor, and ¢; is consumption in period t. Utility
function U satisfies the assumptions of monotonicity and concavity, and the
Inada conditions. The latter ensures strictly positive consumptions.

In each period, an agent can be a worker or an entrepreneur. A worker
faces fluctuating income caused by a stochastic labor productivity shock de-
noted by e. This labor productivity shock follows a first order Markov pro-
cess with transition probability g*(¢’|e). We can view the labor productivity
shock as a measure of match quality between a worker and his job. This
interpretation follows Mortensen and Pissarides (1994a, 1994b). The income
fluctuation is not insurable because it is not verifiable by a third party, and
therefore agents cannot write contracts contingent on it. A worker also re-
ceives an entrepreneurial idea 6 at each date, 0 indicates the prospects of the
business in the event the worker chooses to be an entrepreneur. Specifically,
the business quality denoted by the productivity shock of a new entrepreneur
with entrepreneurial idea 6 is described by the distribution function v¢(y).
This arrangement is meant to capture the notion that there is some sunk
cost associated with entrepreneurship. At the time the occupational deci-
sion needs to be made, agents receive an imperfect signal of their business
quality. A good idea implies a better distribution in the sense of first order
stochastic dominance. Entrepreneurial ideas are positively correlated with
labor productivity. For a new worker, the labor productivity shock and his
associated entrepreneurial idea is drawn from a joint distribution v*(e, ).

Capital in this model plays two roles: a factor input for production and a
means of self insurance against fluctuating income. I restrict capital holdings

to be nonnegative through the paper reflecting the need for preventing Ponzi



scheme and a restraint that loans are paid back.

3.1.2 Technology

There are two technologies in the economy: a production technology and an
intermediation technology.

Production Technology

Entrepreneurs use capital and labor to produce output according to pro-
duction function y = f(¢, k,n), where k is capital input, n is the efficiency
units of labor employed, and ¢ is the firm specific productivity shock. This
shock generates much of the firm level heterogeneity in the model. One rea-
son for heterogeneity in firm-level outcomes is differences in entrepreneurial
and managerial ability. These differences include the ability to identify and
develop new products, to organize activity, to motivate workers, and to adapt
to changing circumstances (Lucas, 1978). The shock takes values in R, and
follows a first order Markov process described by a function G¢(¢'|p), with
the interpretation that for each current value of the shock denoted by ¢,
G°(¢'|¢) is the distribution function for next period’s value of the shock
denoted by ¢'. The shocks are independent across firms, but each firm’s
shock will evolve according to the same function G°. The production func-
tion exhibits decreasing return to scale with respect to capital and labor.
Capital depreciates at a constant rate 6 when used in the production pro-
cess, 0 < 6 < 1. The production function satisfies the Inada conditions with
respect to its inputs.

Intermediation Technology

In addition to the production sector, there is an intermediation sector
which processes all deposits and loans. The financial market in the economy

is incomplete. As in Kiyotaki and Moore (1997), a borrower can collateralize



part of the loan on the nondepreciated capital after production. However,
the intermediary has to spend 7 units of monitoring cost for each unit of
non-collateralized loan in order to keep track of the debtors so that they can-
not renege on the payment (Diamond 1984). A principal virtue of this setup
is its simplicity, which allows us to model the financial sector in a minimal
way. This arrangement is consistent with the two main implications of the
asymmetric information literature in this area, namely, there is a wedge be-
tween the price of noncollateralized external funds and the price of internal
funds; the premium for external funds depends inversely on the borrower’s
collateralized net worth relative to the loan obligation. Empirically, it cap-
tures the feature of debts of different seniority and the fact that borrowers
pay different interest premia for collateralized and non-collateralized loans

as documented by Garcia-Cobos (1994).

3.1.3 Sequence of Events

There are two types of agents in the economy: entrepreneurs and workers.

Their activities within a period are fully described by the following time line.

Entrepreneurs (Workers)

ebeginning of date t

-information is revealed;

(project quality for entrepreneurs, labor productivity and entrepreneurial
idea for workers)

-investment and employment decisions by entrepreneurs;

-production takes place;

-consumption decision is made;

10



-next period’s occupational decision is determined.

ecnd of date t

Agents start each period with a predetermined occupation. They
then receive shocks. In particular, workers learn about their labor produc-
tivity and the quality of their entrepreneurial ideas, entrepreneurs learn about
their business qualities. Once the information is revealed, workers and en-
trepreneurs engage in borrowing and lending. Production takes place af-
terwards. At the end of the period, after output has been distributed and
loans repaid, agents consume and decide their next period’s occupations, i.e.
whether to be an entrepreneur or a worker. Since occupational choices for
next period are made before the next period shocks are revealed, agents base
their decision on the end of period assets and current shocks.

An entrepreneur together with his operating project is called a firm. This
one to one correspondence between a firm and an entrepreneur is motivated
by the fact that the majority of small and medium firms are proprietorships
and partnerships. This arrangement also corresponds well with corporations
if we view the consumption of the entrepreneur as dividend distribution.

The state of an entrepreneur is determined by his business quality ¢ and
the beginning of period assets a. The state of a worker depends on his labor
productivity e, entrepreneurial idea # and the beginning of period assets a.
I denote iy to be the measure of workers over (a,e,6), and u, to be the
measure of entrepreneurs over (a, ). The state of the economy, u = {u,

)

L}, then is a probability distribution over the different agents.

3.2 Agents’ Problem

An agent’s objective is to maximize his expected lifetime utility. He operates

in competitive markets, hence takes prices (the interest rate and the wage
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rate) as given. Before describing the agents’ problem, I discuss the evolution

of assets.

3.2.1 Evolution of Assets

A worker’s assets evolve according to

Qpp1 = Tely + E4W; — ¢ (1)

where (r, — 1)a; is interest earned on deposits; e,w; is wage income, which
depends on the labor productivity level; and ¢; is period ¢t consumption.

An entrepreneur decides how much of his own assets to invest and how
much to borrow. The total loan amount is split into two parts, [{ and [}*,where
lf denotes the collateralized amount and [i* denotes the non-collateralized
amount. The deadweight losses caused by the extra cost associated with
non-collateralized loans imply that there is a premium on internal funds (the
entrepreneur’s own assets), therefore, an entrepreneur will always invest his
own assets first before he resorts to the financial intermediary for loans. His

assets change according to

ary1 = [y, ke, ne) —weng+ (1= 0) ke +ry max{a; — ki, 0} — 1y — (ry +79) 17 — ¢,

(2)
where

Ttltc < (1 - 6)’% (3)

Iy + 1} = max(k; — a, 0). (4)

Here, k; is capital input, n; is labor input, max{k; — a;, 0} is total borrowed

funds, and max{a; — k;, 0} is deposits by entrepreneurs whose investment

12



is less than their assets. I assume perfect competition in intermediation.
Income consists of two parts: profits from undertaking projects and interest
earned on deposits. Note that production takes place within a period, which

significantly simplifies the analysis.

3.2.2 Entrepreneurs’ Problem

In this paper, I study stationary equilibria in which the distribution of agents
over individual states is constant over time. Consequently all the aggregate
variables, such as the prices of capital and labor are constant and can be
treated parametrically in the optimization problem of the agent. In order to
simplify notation, I omit the time index.

Define V¢(¢, a) to be the value function of an entrepreneur whose begin-
ning of period assets are a and productivity shock is ¢. Define V¥(e, 6, a)
to be the value function of a worker with labor productivity shock ¢, en-
trepreneurial idea 6 and assets a.

An entrepreneur’s problem is defined recursively as follows,

Vipa) = max | (U(Q)+ fmax{ | V() (o)’ (5)

|| [ Ve 6.0y (e, 0)dedo)})

s.t.

a +c<m(p,a) (6)

c,a’ >0, (7)
where 7 is the income and is defined as:
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m(p,a) = {lcrﬁag(n}{f(go, k,n)—wn+(1—=86)k—rl°—(r+~)I"+rmax{a—k,0}}

s.t.

rlc < (1-9)k

I°+1" = max(k — a,0)

Expression (6) is the budget constraint. The nonnegativity constraint (7)
precludes intertemporal borrowing.® Since the worse that can happen to an
agent next period is becoming an entreprenecur and receiving the lowest tech-
nology draw (which is normalized to zero in the analysis), this assumption
is equivalent to the policy of borrowing up to the amount that the borrower
will be able to repay with certainty at the end of the following period. The
expected value of continuing to be an entrepreneur next period conditional
on this period’s productivity shock ¢ and beginning of next period’s as-
sets @’ is [Ve(¢,ad")g%(¢'|p)d¢’, the expected value of becoming a worker is
[ V™ (e, 8,d )v*(e,0)dedf. If the expected value of being an entrepreneur
exceeds that of being a worker, the entrepreneur remains in business, other-
wise he will become a worker next period. I denote this occupational decision
by d. It takes the value of 1 if the agent chooses to be an entrepreneur and

of 0 otherwise.

3.2.3 Workers’ Problem

A worker’s problem is defined recursively as:

3 As opposed to intratemporal borrowing by entrepreneurs represented by [¢ and ™.
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V¥ e, 0,a) = max{U(c)+ ﬁmax{/w Ve(p,a )’ (p)dey, (8)

{C7a’ 7d}

/9/ / V(e O, al)g" (o) (0 |e)de'dd }

s.t.

a +c<ew+ra, (9)

c,a’ > 0. (10)

Workers choose consumption ¢, next period’s capital a’ and next period’s
occupational decision d. The right hand side of expression (9) is a worker’s

income which consists of his wage and interest on deposits.

3.3 Definition of Equilibrium

A stationary equilibrium in this economy consists of a pair of prices (r,w), a
set of decision rules {1, 1", k,n,c,d’,d}(p,a), {c,d’,d}(e,0,a), a pair of value
functions {V¢(p,a), V*¥(e,0,a)} and a probability measure [u¢(¢, a), u*“ (e, 8, a)],
such that:

(1) the decision rules are generated by agents’ problems (5) and (8),

(2) the labor market clears:

| | [enteb.a)dedvda = [ [ nip,a) (o a)doda. (11)

(3) capital market clears:
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[ [ (0.0 + 1", ) (o. a)dpd

///a/‘w(&e,a)dacledaJr

//max(a — k,0)u’(p, a)dpda, (12)

(4) the distribution of households p = [p® p*] is a fixed point of the
mapping which describes the law of motion of the distribution of agents
over the individual states. This law of motion is consistent with individual

decision rules.

(e, 0,a)
/ / / 1, 8,8)g" (=[)h(07)1(d (2, 6,@) = a)1(d(Z, §,) = 0)dzddda

+ / / 1 (3,3)0" (2, 0)1(d (3, d) = a)1(d(, @) = 0)dzda,  (13)

/ / / 1,0, 1(d',0,d) = a)1(d(E,0,d) = 1)1° (¢)dzdfda+
[ [ 1@ @)g (0l#)1(a'(7,3) = 0)1(d(7,8) = 1)dpda (14)

where 1(A) is an index function which equals 1 if A is true and 0 otherwise.,
the expression 1*(Z,0,a)g"(c|2)h(0|2)1(d/(Z,0,a) = a)1(d(E,0,a) = 0) in
the right hand side of (13) is the measure of workers at state (Z, 0, a) who
continue to be workers next period with labor shock e, entrepreneurial idea
0 and assets a; the term p¢(p, a)v*(e,0)1(d'(p,a) = a)l(d(p,a) = 0) is the
mass of entrepreneurs at state (p,a) who become workers and whose next
period assets are a and labor shocks are € and entrepreneurial ideas are 6. The

terms in the right hand side of expression (14) can be interpreted similarly.
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3.4 Characterization of Equilibrium

In this section, I examine the behavior of agents to see if the model implica-
tions are consistent with related microeconomic evidence. In the propositions

below, I will rely on the following assumptions.

Assumption 1. The distribution 1/ (¢) is increasing in 6 in the sense of first
order stochastic dominance, i.e. [§19(s)ds < [§ 17 (s)ds, for ¢ € [p, P, if
0>0.
Assumption 2. The cumulative distribution function G¥(¢’|¢) is decreasing
in €, as is the cumulative distribution function H(f|e).

The first part of assumption 2 says labor endowment shocks are persistent.
The second part indicates a positive correlation between labor productivity

and entrepreneurial ability.

Assumption 3. The cumulative distribution function G¢(¢'|p) is strictly
decreasing in .

Assumption 3 implies that productivity shocks are persistent; those with
good shocks this period are more likely to receive a good shock next period.
Assumption 4. For any ¢ > 0, G(0|¢) > 0; G(0]|0) = 1.

Zero productivity corresponds to a state where no production takes place,
or an exit state. Assumption 4 implies that a firm has a strictly positive
probability of failing at any time. This is a stronger version of the usual
assumption that guarantees a finite life span of firm and therefore ensures
the existence of an ergodic set.

In equilibrium, there will be a positive measure of both entrepreneurs
and workers because the marginal product of each input to production is
infinite when the input is zero (we can rewrite the production function so

that entrepreneurial ability is an input to the production as well).
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Proposition 1. Entrepreneurs with higher assets invest more in
their businesses and pay a lower effective interest rate on their

loans.

The effective interest rate is the average interest rate a borrower pays
on his loans including collateralized as well as noncollateralized loans. The
intuition of Proposition 1 is straightforward. Entrepreneurs with more assets
will be able to borrow more collateralized loans, therefore the cost associated
with external finance are smaller for them. Comparing two entrepreneurs
with the same productivity shock, the one with higher assets will invest
more in his business, and he pays a lower average interest rate on his loans.
These results are consistent with the findings in Garcia-Cobos (1994) and
Holtz-Eakin, Joulfaian and Rosen (1994a).

Proposition 2. There exists a threshold labor ability level ¢*(a,0)
such that a worker with labor productivity shock ¢ and entrepreneurial
idea 6 will become an entrepreneur if his labor ability is below this
level, otherwise he remains to be a worker. Likewise, there ex-
ists a cutoff level of the quality of entrepreneurial idea 6*(¢,a) such
that a worker at state (a,e,6) will become an entrepreneur if his
entrepreneurial idea has a higher quality than this cutoff level.
Moreover, there exists a reservation business productivity level
¢*(a) such that an entrepreneur will continue his business if it is of
a higher quality than the cutoff level, or he will exit and become a

worker.

Proposition 2 says that there is a continuum of people who become en-
trepreneurs depending on their entrepreneurial idea, labor productivity and

asset holding. At the extremes, there are those with good entrepreneurial
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ideas (“super stars”) and those with low labor productivity (often labeled as
“misfits” by sociologists). This is a very interesting phenomenon. In Evans
and Leighton (1989), one of the key findings is that unemployed workers,
lower paid wage workers, and men who have changed jobs a lot are more
likely to enter self-employment or to be self-employed at a point in time, all
else equal. Townsend and Bond (1996) report similar findings. The anecdo-
tal evidence about the history of Chinese and Japanese immigrants to the
US in Light (1972) also supports this finding. The last part of Proposition 2

says good quality firms will survive, everything else the same.
Proposition 3. r < 1/0.

Aiyagari (1994) has illustrated how the presence of borrowing constraints
in a model with heterogeneous agents leads to oversavings in the sense that
equilibrium interest rate lies below the rate of time preference. Proposition
3 says this continues to hold for this economy despite the introduction of
entrepreneurship.

Under additional assumptions on the stochastic process of labor produc-
tivity, entrepreneurial idea and business quality that requires the income
stream from working second order stochastic dominates the income stream
from being an entrepreneur, agents’ occupational decisions are described by

Proposition 4.

Proposition 4. There exists a reservation asset level a*(¢,6) such
that a worker with labor productivity shock ¢ and entrepreneurial
idea 0 will become an entrepreneur if his asset holding is above this
reservation level. Moreover, a*(¢, ) decreases in # and increases in
. Similarly, there exists a threshold asset level a(y) decreasing in
v, such that entrepreneurs with productivity shock ¢ will continue

to run their businesses if their assets exceed a(p), and they will exit
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otherwise.

Then the above results suggest a positive correlation between the prob-
ability of becoming an entrepreneur and the agent’s asset holdings, which is
consistent with the empirical literature. Holtz-Eakin, Joulfaian and Rosen
(1994a) analyze a matched sample of federal estate and personal income tax
returns and find that as the size of the inheritance increases, so does the
probability of becoming an entrepreneur. Blanchflower and Oswald (1990),
Evans and Jovanovic (1989) also find similar results. Holtz-Eakin, Joulfaian
and Rosen (1994b) find that liquidity constraints exert noticeable influence
on the viability of entrepreneurial enterprises. Dunne, Roberts and Samuel-
son (1989) who study 200,000 plants that entered the US manufacturing
sector in the 1967-1977 period also find that plant failure rates decline with
size and age. In my simulation, I will not impose restrictions on the produc-
tivity shocks and its transition process. Instead I calibrate them to the data
and demonstrate that the model generates results that are consistent with

the empirical observations.

4 Computing an Equilibrium
4.1 Parameterization

Five sets of parameters need to be calibrated. These parameters are related
to (i) agents’ preferences; (i7) agents’ labor productivity; (éi¢) production
technology; (iv) productivity shock process and (v) intermediation technol-
ogy. One period is assumed to be five years. There are two reasons for this
choice. First, I use the Census of Manufactures data set to calibrate my pro-
ductivity process, and the time interval of this data set is five years. Second,

a time period of this length eases the computational burden significantly.
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Preferences

Preferences are of the standard form:

where o is the relative risk aversion. It takes a value of 2 which is within the
range for this parameter that has been used in the literature. Time discount
rate (3 is chosen so that the annual deposit interest rate is about 4%.

Labor Productivity

The stochastic process for labor productivity shock ¢ is approximated by
the stochastic process of labor income. I use the Panel Survey of Income
Dynamics for the approximation.? The natural logarithm of labor income is
assumed to be a first-order, autoregressive process with a serial correlation
coefficient p and a standard deviation 1. Equation (15) below describes the

stochastic process of labor income,

log(y:) = plog(y: 1) +n(1 — p*)'/%e;, & ~ Normal (0,1)  (15)

I use the procedure described in Tauchen (1986) to approximate the au-
toregression with a first-order Markov chain that has two states. Thus the
parameters for the Markov process are the values for the two states and a
probability transition matrix that I denote by Il.. The values of n and p
are chosen from various studies of individual market earnings (see Aiyagari
1994 for a summary), these studies suggest that n € {0.2,0.4}, p € {0,0.6}. T
choose 1 = 0.2, p = 0.6. Results reported in this paper will not change much
if I choose other combinations. The correlation between entrepreneurial ideas
and labor productivity is hard to measure, because the observation is trun-

cated. I consider two extreme cases: perfect correlation and zero correlation.

4PSID is a national survey conducted annually on a sample of familities since 1968.
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In this paper, I report the results of the first case since casual observations
seem to be in favor of a positive correlation between labor productivity and
entrepreneurial ideas. The second specification does not change my results
significantly. All the qualitative features are preserved.

Production Technology

The production function has the Cobb-Douglas form
flp k,n) = Apk®n’,

where A is a scaling factor normalized to 1, « is the capital income share
set to 0.3 and A is the labor income share set to 0.62 respectively. These
numbers are consistent with the observed US income shares.

For the stochastic process for the labor productivity shock ¢, I use the
same Tauchen (1986) procedure. I match the following statistics derived from
Longitudinal Research Data File’: (i) serial correlation in log employment
for survivors is 0.93; (i7) variance of growth rates for survivors is 0.53. A four
state Markov process is used. A fifth state ¢ = 0 is set so that whenever it is
reached, a firm will stay there forever, i.e. the firm will exit. The probabilities
of going from the other four states to this state are chosen so that (i) average
exit rate over a five year interval is 0.367. (i) the average exit rate for firms
with 5 to 19 employees is 0.39, 20 to 49 employees 0.347, 50 to 99 employees
0.346, 100 to 249 employees 0.291and above 250 employees 0.191.° The initial
distribution of shock is approximated by the size distribution for firms aged
0 — 6 years. Capital depreciation rate ¢ is set to 0.24, which is equivalent
to an annual depreciation rate of 0.06. The annual capital to output ratio is

about 3 at this depreciation rate.

5The LRD, housed in the Census Bureau’s Center for Economic Studies, is a national
sample of manufacturing establishments, consisting of a sequence of contiguous five year
panels beginning in the years 1963, 1967, 1972, 1977 and 1982.

’Dunne et al. (1989).
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Intermediation Technology

The financial sector intermediates the flow of funds to entrepreneurs at
cost v per unit for noncollateralized loans. This cost determines the differ-
ence between the interest rate on loans and the deposit rate. Diaz-Gimenez,
Prescott, Alvarez and Fitzgerald (1992) report the average interest rates paid
on various categories of household borrowing and lending to banks and other
intermediaries for selected years. Based on these data, they calibrate the
annual nominal interest spread at 5.5%. In the benchmark model, I choose
4%. T carry out sensitivity analysis to see how this value affects the results.

Table 1 summarizes my parameterization.

4.2 Equilibrium for the Benchmark Model

In this section, I present the results of my calibration given the parameter
values discussed above. Appendix B contains a description of the computa-
tional method. Table 2 presents the US statistics and corresponding model
statistics. Table 3 reports other related statistics. Several properties emerge.

One interesting finding concerns firms’ growth rate. It is monotonically
decreasing with size conditional on survival, and the unconditional expected
growth rate increases initially with size and then decreases. This is con-
sistent with the findings in Dunne, Roberts and Samuelson (1989), Davis,
Haltiwanger and Schue (1993) and Hall (1987). Constrained firms will start
with a suboptimal amount of capital and therefore will be smaller than un-
constrained firms. As a result, constrained businesses have a greater tendency
to reinvest earnings into the business than unconstrained firms since the re-
turn to capital invested in the business is higher for the constrained firms.
Therefore, smaller firms will grow faster than larger ones conditional on sur-

vival. However small firms fail more frequently than larger ones. Hence the
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unconditional growth rates for these firms depend on the net effect of the
two forces.

The statistics related to cohorts indicate two patterns: first, the proba-
bility of exit is decreasing in age, and second, the average size is increasing
in age. Both of these properties have been noted by empirical work in this
area (see Evans 1987b and Dunne, et al., 1989 for example).

The model also has strong implications for income and wealth inequalities.
The Gini coefficients for income and wealth generated by the model are 0.57
and 0.934, respectively. In the US data, the Gini coefficient for income is
about 0.4 and that for net wealth is about 0.8. Given that I have infinitely
lived agents and no corporate sector, it is not surprising that my numbers
are bigger.”

I now use the estimates to evaluate the impact of capital constraints on
business start-ups. Without capital constraints, given my parameterization,
workers with better entrepreneurial ideas will become entrepreneurs indepen-
dent of their wealth. With capital constraints, this is no longer true. Some
agents with good entrepreneurial ideas become workers due to the lack of
funds, on the other hand some agents with not so good entrepreneurial ideas
enter into entrepreneurship because their apple internal funds makes oper-
ating the project less expensive hence increases their net profits despite of it
lower quality.

As mentioned earlier, my infinite horizon model can be interpreted as
an overlapping generations model in which agents live one period and each
produce one descendent who inherits his occupation and assets. Hence, an
agent’s beginning-of-period assets could be viewed as his inheritance. My

model shows that agents with higher inheritance are more likely to be self-

"In Aiyagari (1994), with no entrepreueurship, liquidity constraints on the household
sector generates much smaller Gini coeflicients, 0.12 for net income and 0.32 for wealth.
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employed. The annual wealth to output ratio for entrepreneurs is 2.41, while
that for workers is 1.03. Moreover, smaller firms and firms with lower assets
are more likely to fail. The average wealth of failed entrepreneurs is 81.9%

of that of an average entrepreneur.

4.3 Comparative Statics Results

To gain some intuition about how the model works some comparative statics
experiments are undertaken.

First, consider an increase in relative risk aversion which corresponds to a
decrease in the intertemporal elasticity of substitution in consumption. Fewer
agents become entrepreneurs, both income and wealth inequality increase.
Average business size also increases.

A decrease in collateralized loans or an increase in the intermediation cost
of noncollateralized loans increases the deadweight losses associated with ex-
ternal finance. Hence the capital constrained will find their projects less
profitable compared with those with more assets, everything else the same.
The reservation asset level for entry becomes higher while that for exit be-
comes lower. Table 4 reports the sensitivity analysis with respect to the
intermediation cost.

Welfare here is defined as the sum of utilities of all of the agents in the
economy. This utilitarian social welfare function is reasonable for several rea-
sons. First, it can be thought of as steady-state ex-ante welfare, i.e., welfare
of a typical consumer before he realizes his initial assets and shocks. Second,
if we interpret the infinitely-lived agents as a family of altruistically-linked
one-period-lived generations, this welfare criterion weights all the dynastic
families equally. The third justification is that it has been used widely in

this class of models. The welfare change is measured as the percent increase
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or decrease in benchmark consumption at every date and state that equates
the level of welfare in the alternative case and the reference case.

To summarize the findings, as the intermediation cost increases, i.e. as
the financial market becomes more rigid, fewer people will undertake their
projects, average firm size rises, the economy spends more resources on mon-
itoring, both output and welfare are lower, and the income and wealth dis-
tributions become more unequal. These findings suggest the nonlinearity of
financial market rigidity effects: changes in the financial condition of firms
that are well above standard requirements have a smaller effect than changes
in the financial condition of firms close to the margin. Younger firms, firms
with a high degree of idiosyncratic risk and firms that are not well collater-
alized, which are on average smaller firms, are more likely to bear additional
costs due to informational frictions, and therefore are more likely to be at
the margin. This is consistent with the literature that studies the role of
credit market frictions in the propagation of monetary policy shocks. See
Bernanke and Gertler (1996) for a recent survey of this literature. Specifi-
cally, an increase in annual per unit monitoring cost of one percentage point
reduces total output by 1% and welfare by 1.38%, while a decrease in per
unit monitoring cost of one percentage point increases output by 1.2% and

welfare by about 1.434%.

5 The Cost of Income Taxation

The economy studied here can be compared to a similar representative agent
economy where the agent receives average labor endowment and the aggre-
gate technology has the average productivity level. In this section, I focus
on the comparison of the cost of income taxation in these two environments.

The purpose is to gain some understanding of the financing of government

26



subsidies that will be studied in the next section.

I use the standard public finance “constant revenue” criterion for evalu-
ation. Two policy regimes are studied. One is a uniform income tax, and
the other is a lump sum tax. The results are reported in Table 5 and Table
6. Numbers corresponding to output, welfare and per capital assets are the
percentage changes after the tax is imposed.

One common finding with these two experiments is that government fiscal
policies are much more distortionary in my model than in the representative
agent economy. In the uniform income tax regime, collecting 0.0186 units
of revenue, which is 4.09% of the total output of my model economy, cause
output to drop by 50% more in my economy than in the representative agent
economy. The decline in welfare is almost twice as much as in the repre-
sentative agent economy. Moreover, in my framework, a lump sum tax is
distortionary. To collect the same amount of revenue, output decreases al-
most half as much as in the uniform income tax regime in my economy, while
in the representative agent economy output is not affected. The decline in
welfare is almost three times as in the representative agent economy. This
is not surprising, because with capital constraints, net wealth plays an im-
portant role in agents’ decisions. Any policy that affects agents’ wealth will
distort their decisions directly, especially for agents at the margin of becom-
ing entrepreneurs. The distortion here has a first order effect, while in the
representative agent economy, the distortion is through budget constraint
which is more of second order. These results suggest that some caution must
be exercised in evaluating fiscal policies in the absence of capital constraints.

Another interesting question is the effect of income taxes on entrepreneurial
activity. For uniform income tax rates of 0, 0.05, 0.20 and 0.25, the corre-

sponding percentage of entrepreneurs are 2.423,2.479,2.557 and 2.576, re-
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spectively. One reason entrepreneurship increases is that with proportional
income tax, rich agents pay more in absolute amount than poor agents result-
ing in a more even after tax income distribution. Therefore poor agents get
a better chance to become entrepreneurs. Increasing the tax rate from 0 to
0.05 generates the same amount of revenue as moving from 0.20 to 0.25, yet
the output and welfare distortions associated with the latter case are more
evident. The percentage decline in output for the two cases are 1.095 and
1.365, respectively, and the percentage decline in welfare are 5.924 and 7.513,
respectively. This indicates that the marginal cost of taxation increases with

the tax rate. See Table 6.

6 Policy Analysis - - Government Subsidies

So far, I have studied the positive questions of the effects of capital constraints
on the economy and the cost of income taxation with capital constraints. In
this section, I use the calibrated model to answer two quantitative questions
about public policies, more specifically, government income subsidies and
interest subsidies. One question is concerned with determining the costs and
benefits of each program and identifying the optimal level of subsidy. The
other is concerned with comparing the two programs.

As discussed in the introduction, numerous countries, both developed
and developing, provide public financial assistance in various forms to small
firms. In this section, I choose interest subsidies and income subsidies as
representative alternatives and study their effects. With interest subsidies,
the government helps finance the interest cost associated with start-up en-
trepreneurs’ loan payments. With income subsidies, a lump sum transfer

is given to new entrepreneurs. The expenditures are financed by uniform
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8 Loan guarantee programs can be viewed as

income taxes in both cases.
special cases of interest subsidies. Examples of income subsidies include the
“Unemployed Entrepreneurs Program” carried out in 1979 in France, the
”Entrepreneur Allowance Scheme” adopted by the British government in
1982, and the experiment conducted by US Department of Labor in 1986 to
give out start-up business funds in lieu of unemployment insurance. Income
subsidies function like government grants.

Before I carry out the experiments, it is useful to examine the optimal
entrepreneurial decision rules in an economy without capital constraints and
uninsurable income risk. This will help us understand the function of govern-
ment subsidies. In an economy without capital constraints and uninsurable
income risk, an individual’s occupational decision is independent of his as-
sets, as depicted by line AA" in Figure 5. Agents with good entrepreneurial
ideas and/or low labor productivity become entrepreneurs. With capital con-
straints, agents’ asset holdings also play an important role. Since workers
with high labor productivity are more likely to accumulate assets indepen-
dent of their entrepreneurial ideas, in equilibrium some agents with bad en-
trepreneurial ideas and /or high labor productivity may become entrepreneurs
which is undesirable from the social point of view. BB’ depicts this situation.

Government subsidies affect the welfare of the economy in five ways: who
becomes an entrepreneur (extensive margin); how much entrepreneurs invest
(intensive margin); the monitoring cost associated with external finance; the
cost of raising revenue through distortionary taxation; and the interaction
between subsidy programs and market incompleteness.

Interest subsidies directly affect the composition of new entrepreneurs.

Given the same level of asset holding, good entrepreneurs, i.e. the ones

8Many Federal credit activities (loan subsidies and guarantees) are channeled through
financial intermediaries’ information capital as here.
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with good entrepreneurial ideas, need to borrow more than the not-so-good
entrepreneurs, and they will benefit more from the interest subsidies. Hence
interest subsidies create a greater incentive for good business entries in the
extensive margin. See figure 5 line CC". However this is accomplished at a
cost. Since the monitoring cost associated with external finance is entirely
born by society, when new entrepreneurs make their investment decision they
will borrow beyond the amount that is socially desirable. This moral hazard
problem in the intensive margin will reduce the benefits of interest subsidies
substantially.

On the other hand, income subsidies create a moral hazard problem at
the extensive margin. The indiscriminate distribution of income subsidies to
new entrepreneurs will attract individuals with bad entrepreneurial ideas but
sufficient assets into entrepreneurship. Therefore such government subsidies
could have a negative effect in the sense that it is pushing the “wrong people”
into entrepreneurship.

Both interest subsidies and income subsidies help overcome market incom-
pleteness because by offering a subsidy, the government makes the decision
to start a new business less dependent on an agent’s wealth, and therefore
less dependent on the history of labor productivity shocks that a worker
has confronted. However on the negative side, in anticipation of government
subsidies, agents will reduce their savings, especially those who will become
entrepreneurs later. The decline in aggregate saving will partly undo the
positive effects of government subsidies. In addition, the distortions caused
by the income taxation used to finance the government subsidies will also
partially offset the positive effects of the subsidies.

In Table 7, I report the results of the experiment in which government

subsidizes all of the interest costs incurred by new entrepreneurs through a
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flat income tax. I also compare this to an income subsidy that results in the
same amount of expenditure.

A small amount of both interest subsidy and income subsidy is welfare im-
proving. This is because both subsidies relax the binding capital constraints
many entrepreneurs face, and hence improve the entrepreneurial activities
in the economy. These subsidies also help ameliorate market incomplete-
ness, making agents more able to smooth consumption over time, and hence
agents’ occupational decisions are less dependent on their wealth and past
income history. The third reason is the different enforcement problem that
the government and private lenders face. Subsidies are a one-way transfer
from government to the recipients, while lending is a two-way contractual ar-
rangement. Hence subsidies do not involve any enforcement problem, while
uncollateralized debt involves the monitoring costs.

Income subsidies outperform interest subsidies in terms of social welfare
and output. With interest subsidies, the government displaces private credit
arrangements, while income subsidies provide more appropriate incentives
for business entry. Business quality declines in both cases, but by a lesser
degree in the case of interest subsidies since it is more capable of attracting
good business entry.

Table 8 reports experiments with different levels of the income subsidy.
The marginal gains of the subsidy decreases with its amount while the
marginal cost associated with its finance increases. Hence we observe output
and welfare initially increase, then decrease. Aggregate capital follows the
same pattern, but starts to fall earlier than output and welfare. The in-
equalities in income and wealth of the economy are reduced, though not by a
significant amount. Business quality declines since the business turnover rate

rises as income subsidies increase. There exists an optimal level of income
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subsidy in terms of social welfare and aggregate output.

6.1 Government with Enforcement Technology

The role of government comes from two sources: their ability to provide some
degree of insurance for private agents through income redistribution and to
save intermediation cost through subsidies. For the second role, one may
ask why tax collection is enforceable. This has to do with a deeper question
which is how government as an institution differs from private agents. One
can think of reasons why government might have better enforcement tech-
nologies than private agents: the wide reach of government agencies make the
record keeping on its citizens much easier, the existence of prison which serves
as a threat to tax evaders, etc. However, such an assumption favor govern-
ment intervention over private contractual arrangements might be thought
to artificially. In this section, I go to the other extreme and study the case in
which the government faces the same enforcement problem as private agents.
This exercise will separate the welfare gains from public provision of liquidity
and public cost saving.

The tax here is assumed to be levied on firms before the distribution of
wage and profits.” Just as private agents can, the government can collater-
alize their tax payments (which can be viewed as debt private agents owe
to the government). The collateral for tax payment is what is left over of
the nondepreciated capital which has not been used as collateral for bank
loans. For each unit of noncollateralized tax payment, the same amount of
monitoring cost is needed. This implicitly assume that tax payment is junior
to debt payment. Though it is not true in reality, it does provide us with a

lower bound on what government can achieve through different enforcement

IFirms deducting payroll tax from its wage payments is a common practice.

32



technology. Table 9 reports the result. About 97% of the output gain is
from liquidity provision, only 3% comes from the cost saving. And about
93% of the welfare gain comes from liquidity effect, 7% is from saving on
monitoring cost. In another words, the majority of the output and welfare
improvement comes from the public provision of liquidity. The reason is that
the monitoring cost government can save is proportional to the amount of
subsidies that is required, given the latter is a relatively small number, the

cost is thus also small.

7 Conclusion

There are two main contributions of this paper. The first is the develop-
ment of a dynamic computable general equilibrium model where the impact
of capital constraints on the inherent dynamic processes of business creation,
growth and destruction are studied. This pushes the existing literature to
a better understanding of financing constraints and business dynamics. The
second contribution of this paper is the explicit study of government as-
sistance programs, especially the finding that grants outperform the more
popular loan guarantees.

Another important policy implication of the model concerns income dis-
tribution. A standard policy which aim at reducing income inequality is
redistribute wealth from the rich to the poor. A common policy device is
the taxation of inheritance. However, as I demonstrated, giving subsidies to
entrepreneurs can actually reduce social inequality, contrary to this conven-
tional wisdom. The reason is two-fold. On the one hand, subsidies relax
binding capital constraints, workers have a greater incentive to become en-
trepreneurs, hence social mobility is greatly improved. On the other hand,

subsidies, especially income subsidies, are able to reduce deadweight losses,
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and therefore total output increases. This policy implication is especially im-
portant for developing countries where the incompleteness of financial mar-
kets is likely to be severe.

The technical difficulty involved in solving and analyzing a particular
equilibrium limits the modeling of incomplete financial market. Although
it is beyond the scope of this paper, it is reasonable to conjecture that the
qualitative results of this paper will survive the introduction of more com-
plicated modeling of incomplete financial markets. The intuition is simple.
As long as the return on internal funds exceeds that of external funds, we
will always observe the wealth effects on firms turnover, while the channels
through which interest subsidies and income subsidies affect business will
remain unchanged.

The structure developed here can also be used to investigate the cost of
capital constraints over the business cycle. An important issue in this liter-
ature has been to reproduce quantitatively the different responses of firms
small and large to aggregate and monetary shocks. This literature treats
the distribution of firm size as exogenous. Hence it is an open question
whether financial market incompleteness is capable of generating these dif-
ferences. With endogenously determined occupational choices and endoge-
nously generated firm dynamics, the model developed in this paper allows
for full-fledged capital accumulation and captures the asymmetric impact of
capital constraints on small firms vs large firms, therefore the extension of

the model to accomodate business cycles appears to be productive.
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Appendix A: Proofs of Propositions

Proof of Proposition 1. Define k*(p, a) = arg maxy { f(p, k,n) —rk—wl+
(1—-6)k}, and k**(p, a) = argmaxy{ f(p, k,n) — (r+~)(r+6—1)/rk—wl }.

Let us denote the collateralized loan by (¢, a), the non-collateralized
loan by ["(¢,a), total capital investment by k(yp,a), the interest premium
by i(p,a). It is easy to show that (for notation simplicity, I omit the state
variables),

Case 1: a > @k*

[ = max(k* — a,0); " =0; k= k*, i=.

Case2: @k** <a< @k*

l°= riiﬁ“ " =0; k= 5= 1 =T.

Case 3: a < ’”“%114:**

lo= 1=, "=k"—a-105 k= k™

=14y — LR,

r(k**—a)
Given that £* > k* and that r + v — %%k** is decreasing in a,
Proposition 1 follows immediately. (see figure 1 and 2) Q.E.D.

Proof of Proposition 2. Let us look at a worker’s problem first,

V¥(e,0,a) = max{U(c)+ ﬁmax{/Ve(go',a')ue(go')d@,
[ [vee.0.a)g @ n@le) de' )

s.t. c+d < cw+ra

c,a > 0.

Following standard dynamic programming argument,'® V¥ (e, 6, a) is in-

creasing in a and €, V¢(p,a) is increasing in a and ¢. The expected value

Stokey, Lucas and Prescott “Recursive Methods in Economic Dynamics” (1989).
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of becoming an entrepreneur is independent of worker’s labor ability, while
the expected value of continuing to be a worker is strictly increasing in labor
ability in the case # and e are uncorrelated, therefore there exists a cutoff
labor ability level for each asset holding so that an worker will become an
entrepreneur if his labor ability is below this level, otherwise he remains to be
a worker. By continuity, the result will still hold for small positive correlation
between labor ability and entrepreneurial idea. Similar results can be proved
with respect to 6. Following the same arguments, the case for entrepreneurs

can be proved likewise.

Proof of Proposition 3.!'! From proposition 2, I have

For ¢ < &*(a,0)

V¥(e,0,a) = max{U(c) +5/Ve(<p’,a’)1/e(<p’)d<p’}

c,a’>0

s.t. c+ad

IN

cw + ra;

otherwise

V(e 0,a) = max{U(c)+ g / / Ve, d)g (€ |e)h(0)e) de'dd )

c,a’ >0
s.t. c+d < ew+ra.

For ¢ > ¢*(a),

Vip,a) = max{U(c) + /Ve(sO’, a)g"(¢|p)de" }
st.  c+d < f(p,k,n)—wn+ (1-086)k +rmax(a—k,0)— (r+)0"

—rl€

" The proof is inspired by a similar proof in Gomes, Greenwood and Rebelo (1996).

36



rl¢

410"

otherwise

Ve(p,a)

s.t. c+ad

rl¢

41"

IN

IN

IN

(1— 6k

max(k — a,0);

max{U(c) + 8 [ V(0,0 (,0')d'df}

Flp.kum) —wn+ (1= 8)k +rmax(a— k,0) — (r + )"
—rl°

(1-6)k

max(k — a,0).

A worker’s asset accumulation is governed by the following condition,

U'(c¥(g,0,a)) > ﬁr//ng(a',9',a')gw(€'|a)h(9|£)d£', for ¢ > ¢*(a, 0);

U'(c”(e,0,a)) > ﬁr/Vf(gp’,a')g%gp’kp)dtp’, for e < e*(a,0).

U'(c(p,a) > f/‘/f(so',a')ge(@’lso)dso’, for ¢ > p*(a);

U((p.0) = BT [ [ V(0,0 (e, 0)d'ddl, for ¢ < " (a).

From profit function, it is obvious that 7 > 7.

These inequalities hold with equalities whenever the borrowing constraint

does not bind.

Integrate the first two inequalities with respect to the stationary distri-

bution over the part of the state space applying to workers, do the same to
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the next two inequalities applying to entrepreneurs and sum the resulting

inequalities, I get

[ ] [0 e.0.a)pu"(e.0.a)dedbda+ | [ U'(c ()i, a)dipda
eJO Ja oJa
1 o /G/E, V (£,0',') g"(e'le)(8|e)de'd' 11" (e, 0, a)deda
+/<E /// Vi( (¢ p)dp' u® (e, 0, a)dedfda
+/¢>W[L Vi@ d)g (@le)de' 1 (. a)dpda
+/so<w/a/gl V2 (€10, d)(e, 0')de'dd v (i, a)dpdal
> ﬁr[/g>€*/G/€, ; V(.0 a")g" (€'|e)h(€|e)de'dd (e, 0, a)deda +
/<E // U/(CE(SDI:a,))ge(¢'|90)d90’uw(€,0,a)dsd@da+
[ [ [ U@ a)g (o) i (o, a)dpda+
pp* Ja Jy!
/ // U'c(e,0',a))v"(,0")de dd u° (o, a)dpdal
WSS@* a E’ 9!
= ﬁr[/a/g/ . U'(c?(e,0,a)u” (e, 0, a)de' dd da
[ [ U@ (. aydgdd)

v

The inequality is a result of borrowing constraint binding for a group
of agents with positive measure. The last equation comes from the law of

motion for the distribution. I then have gr < 1.

Proof of Proposition 4. (I prove the first part of Proposition 4, the second
part can be done similarly.)
Let My=/[ [ V(' 6',a")g" (€'|e) (0 |e)dede’, My = [ V*(¢/, a)v"(¢|0)d!

By standard dynamic programming argument,'? V*(¢',6', a) and Ve (¢, a’)

12Stokey, Lucas and Prescott “Recursive Methods in Economic Dynamics” (1989).
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are both increasing functions of a’, so are M; and Ms. By assumption 4, at
a=0, any entrepreneur has a positive probability of reaching state 0 where in-
come is zero. However this will not happen to a worker at that wealth level.
By Inada conditions of the utility function, I then have M;(0) > M;(0).
Each value function is possibly not differentiable at two points: the point
where agents is indifferent between borrowing and not borrowing, the point
the agent is indifferent between two occupations. For consistency, at those
points, I take right derivatives.

For the region where borrowing constraints do not bind, by envelop the-

orem,
G =1 [ U (e"(.0,a))g" (|0 |e)de'dt) = r [ U'(c” (a)I* (de(a')),
G = 1 JU (¢, a))e(@'0)de’ = ' [U'(¢(a’))T?(des(a')); for the

region where borrowing constraints bind, the consumption coincides with

the period income, and we have

DL —r [ U (c"(,0,a)g" (€ |e)h(O|e)de'dd = r [ U'(c* () (dc”(d')),
Gz — ¢! [U' (¢, d))vo(@0)de' = v [ U'(¢*(a'))I?(def (a')); where ' >

r (this comes directly from entrepreneurs’ profit function).

Under the technical assumption that I'' second order stochastic domi-
nates I'?, and that U” > 0, we have %2 > %l. Therefore, if M, intersects
M, it is from below and they intersect only once. Since a’ is increasing in
a, this implies that there exists a*(e,0), workers (g,6,a) chooses to be an
entrepreneur next period if and only if his assets is above this cutoff level.
The monotonicity of a*(e,0) in € follows directly from the fact that M; is
increasing in €, while M, does not change with e. Similarly, a*(e, §) decreases

in 6. Q.ED.1

13Given that there is a correspondence between period consumption and period income,
the above assumption is equivalent to the restraint that the income stream from being
a worker second order stochastic dominates that of being an entrepreneur at each asset
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Appendix B: Computation Method

I use a method of successive approximation to numerically solve for a
stationary equilibrium for this economy. The iterative procedure consists of
several steps. I begin with a guess for the prices (interest rate and wage), then
use value iteration to solve the functional equations defined in the worker and
the entrepreneur’s problems. Next, the invariant distribution corresponding
to these decision rules is found by iterating on equation (13) and (14). To-
gether with the decision rules, the invariant distributions are used to examine
the market clearing conditions. New values are increased if there is an excess
demand and decreased if there is an excess supply at the previous prices.'*
The algorithm is therefore based on the conjecture that the excess demand
for credit and labor are decreasing in the interest rate and wage, respectively.
Although this has not been proven, this appears to be the case for all the
economies examined here.

The method used to solve for the decision rules involves discretizing the
state space by choosing a grid of feasible asset holdings. The minimum asset
level could not go beyond zero since intertemporal borrowing is not allowed,
the maximum level is chosen so that agents’ next period asset position will
not reach the upper bound. The grid is chosen to be sufficient fine so that
our results are not affected by adding grid points. I chose 500 grid points
for the assets, together with 5 productivity shocks and 2 labor productivity
shocks, there are totally 3500 states. The optimal value functions and de-
cision rules for this finite state discounted dynamic programming problem

are obtained by successive approximations. This approach involves starting

level.

141 choose to iterate on wage first given interest rate till labor market clears, then iterate
on interest rate till both markets clear. It is more difficult according in my experience to
iterate two prices at the same time.

40



with initial approximations for the value functions, and using them to obtain
a subsequent approximation by computing the right side of the two value
functions. This process continues until the sequence of value functions so
obtained converges.

Given that the state transition function implied by the equilibrium deci-
sion rules is ergodic, there exists a unique invariant distribution. To compute
the invariant distribution, I begin with an initial approximation, and evalu-
ate (13) and (14) using decision rules obtained. The result is used as the next
candidate, and the process is repeated until successive approximations are
sufficiently close. Once the invariant distribution is found, the market clear-
ing constraints are evaluated and a new candidate for the prices is chosen.

The procedure is then repeated as described above.
Lemma. The transition matrix for the economy is ergodic.

Proof. First, given that production function satisfies Inada Conditions, in
equilibrium there will be both positive measure of workers and entrepreneurs.
Secondly, as long as the stochastic processes on labor productivity and busi-
ness quality satisfies the “mixing” condition which requires agents being able
to reach the best and worst state in finite steps from any state (see assump-
tion 12.1, p.381, SLP 1989), the ergodicity of the economy is established.
Q.E.D.

This lemma demonstrates the roles played by the labor productivity
shocks. Without this feature, it is likely that the economy will not be ergodic,
i.e. the economy may degenerate into a situation which resembles “poverty
trap”: some agents will remain poor forever and never have a chance of mov-
ing up. This case is not interesting for our purposes, and thus I assume it

away.
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Table 1: Calibrated Parameters

Parameter Value
Preference

o relative risk aversion 2

I} time discount rate 0.76

5 labor productivity shock | (0.803 1.197)
Ve inital distribution (0.5 0.5)
Technology

A technology coefficient 1

Q capital income share 0.3

A labor income share 0.62

0 capital depreciation rate | 0.24

vy intermediation cost 0.22

) productivity shock [0.805 0.93 1.072 1.26]

Transition matrix for labor productivity shock:

0.53 047
0.47 0.53

Transition matrix for business productivity shock:

1 0 0 0 0

0.38 0.5318 0.0882 0 0

0.34 0.0485 0.5430 0.0685 O ,
022 0 0.081 0.642 0.057
020 O 0 0.114  0.686

Initial distribution for business productivity shock:

(

42

0.52 0.3415 0.1383 0.0002 O
0.42 0.4144 0.1653 0.0003 0

)




Table 2: US Economy vs. Model Economy

US Economy | Model Economy

Serial correlation in log employment® | 0.93 0.93
Variance in growth rates 0.52 0.50
Mean employment 61.7 67.8
Exit rate 37% 42%
Firm Size Distribution

1-19 0.52 0.54
20-199 0.37 0.37
200-499 0.10 0.07
500+ 0.01 0.02
Exit Rate

1-19 0.38 0.38
20-199 0.34 0.34
200-499 0.25 0.22
500+ 0.20 0.20

Note: 1. Five year interval.

2. Difference in log employment, five interval and survivors only.
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Table 3: Additional Summary Statistics of Baseline Model

Firm Size

1-19 | 20-99 | 100-499 500+
Employment share | 0.07 | 0.24 | 0.29 0.40
Growth rate’ -0.63 | -0.08 | 0.01 -0.52
Growth rate? 0.42 |0.40 |0.30 -0.4
Average Size and Exit Rates by Age Cohort
Cohort age 1 2 5
Average size 61.5 | 81.03 163
Average exit rate 0.35 | 0.34 0.31
Other Statistics
Entrepreneurs 2.42
Loans as a percent of total capital investment | 48.6
Percentage of output used in intermediation | 4.45
Gini coefficient (income) 0.57
Gini coefficient (wealth) 0.934

Note: 1. Mean employment growth rate of all firms.
2. Mean employment growth rate of successful firms.

Table 4: Sensitivity Analysis

Intermediation Cost

0.221 10.30 0.16
Entrepreneur (%) 2.423 | 2.26 2.465
Average firm size 67.87 | 71.2 65.5
Capital per individual 0.2957 | 0.2900 | 0.3156
Percent of output used in intermediation | 4.45 6.05 2.92
Output 0.4547 | 0.4502 | 0.4598
Welfare change(%) 0 -1.38 | +1.434
Gini (income) 0.57 | 0.575 | 0.562
Gini (wealth) 0.934 | 0.938 | 0.929
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Table 5: Cost of Income Taxation: 1

Uniform Tax Lump Sum Tax
Model | Representative | Model | Representative
Tax rate 0.05 0.028 0.0166 | 0.0166
Output Change | -1.095% | -0.693% -0.525% | 0
Welfare Change | -5.924% | -3.242% S7.47% | -2.702%

Note: 1. Revenue collected 0.018604 (4.09% of total output).
2. Representative refers to the representative agent economy.

Table 6: Cost of Income Taxation: 2

Model | Rep. Model | Rep. Model | Rep.
Tax Rate 0.05 0.028 | 0.20 0.11 0.25 0.137
Revenue 0.0186 | 0.0186 || 0.0718 | 0.718 | 0.0899 | 0.0899
Output change(%) | -1.095 | -0.693 | -5.495 | -2.866 || -6.785 | -3.346
Welfare change(%) | -5.924 | -3.242 || -23.69 | -12.71 || -29.42 | -15.64
Entrepreneur(%) | 2.479 2.557 2.576

Table 7: Interest vs Income Subsidies: A Comparision

Baseline | Interest Subsidy | Income Subsidy
Tax rate 0 0.0122 0.0112
Output Change(%) | 0 +2.707 +5.43
Welfare Change(%) | 0 +3.365 +8.181
Firm Size 67.8 48.1 31.65
Capital 0.2956 0.30866 0.30935
Exit rate 42% 59.1% 68.9%
Bank loans 48.6% 49.5% 53.3%
Entrepreneurs(%) | 2.423 3.205 5.09
Gini (income) 0.57 0.542 0.539
Gini (wealth) 0.934 0.918 0.909
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Table 8: Income Subsidies

Subsidy 0(Baseline) | 0.05 | 0.1 0.12 0.14 | 0.16
Tax rate 0 0.002 | 0.008 | 0.0094 | 0.013 | 0.017
Output change(%) | 0 2.83 | 4.47 |5.29 5.57* | 5.49
Welfare change(%) | 0 392 644 | 780 |[856 |9.15
Average size 68.7 50.9 | 38.4 | 33.2 28.9 |24.9
Capital 0.296 0.294 | 0.309 | 0.309* | 0.306 | 0.301
Firm Exit rate(%) | 42 52.8 | 68.9 | 68.9 68.9 | 68.9
Bank loans! (%) 48.6 50.1 |52.3 |53.3 53.3 | 53.3
Entrepreneurs(%) | 2.42 3.15 4.2 |4.79 5.43 |6.23
Gini (income) 0.572 0.557 | 0.550 | 0.540 | 0.539 | 0.53
Gini (welfare) 0.934 0.927 | 0.915 | 0.910 | 0.908 | 0.905
Note: 1. Bank loans as a percentage of total investment.
continued

Subsidy 0.20 0.21 0.22

Tax rate 0.0278 | 0.0321 | 0.041

output change(%) | 5.31 5.02 | 3.68
Welfare change(%) | 9.67* | 9.65 | 8.85
Average firm size | 18.4 17.1 15.6

Capital 0.288 | 0.285 | 0.274
Firm exit rate(%) | 68.9 |68.9 | 68.7
Bank loans 53.3 53 52.6
Entrepreneurs 8.26 8.82 10.1
Gini (income) 0.521 |0.519 | 0.44
Gini(welfare) 0.901 | 0.898 | 0.889
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Table 9: Income Subsidies with Enforcement Problem

Income Subsidy 0.05 0.1 0.12 0.14
no Tax rate 0.002 | 0.008 | 0.0094 | 0.013
collection | Output change(%) | 2.83 | 4.47 | 5.29 | 5.57"
cost Welfare change(%) | 3.92 6.44 7.80 8.56
with Tax rate 0.0024 | 0.0089 | 0.012 | 0.0169
collection | Output change(%) | 2.877 | 4.41 5.23 5.46*
cost Welfare change(%) | 3.786 | 5.973 | 7.468 | 7.17

Income Subsidy 0.16 0.20 0.21 0.22
no Tax rate 0.017 | 0.0278 | 0.0321 | 0.041
collection | Output change(%) | 5.49 | 5.31 5.02 | 4.60
cost Welfare change(%) | 9.15 | 9.67* | 9.65 | 8.85
with Tax rate 0.0204 | 0.0326 | 0.039 | 0.048
collection | Output change(%) | 5.36 5.23 4.85 4.05
cost Welfare change(%) | 8.446 | 9.03* | 8.71 6.87
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investment

k*:optimal investment at r;
k**: optimal investment at r+gamma.

R ;

k**

k**(r+de|ta—1)/l’ k*(r+de|ta—1)/r assets

Figure 1: Investment as a Function of Assets
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effective interest rate

k*: optimal investment at r;
k**: optimal investment at r+gamma.

r+ganmma

k** (r+delta-/r k* (r+delta-/r assets

Figure 2: Effective Interest Rate as a Function of Assets
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Figure 4: Next Period’s Capital as a Function of Current Capital
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Figure 5: Interest Subsidy vs Income Subsidy

52



References

1. Aiyagari, Rao S. 1994 “Uninsured Idiosyncratic Risk and Aggregate
Saving”. Quarterly Journal of Economics. v109 n3 659-84.

Banerjee, Abhijit V. and Newman, Andrew F. 1991 “Risk Bearing and

the Theory of Income Distribution”, Review of Economic Studies.

Bernanke, Ben and Gertler, Mark. 1990 “Financial Fragility and eco-
nomic Performance”. Quarterly Journal of Economics. v105, nl, 87-

114.

Blanchflower and Oswald. “What Makes an Entrepreneur?”. NBER,
1991. Working Paper 3252.

Bond, Philip and Townsend, Robert.1996 “Formal and Informal Fi-
nancing in a Chicago Ethnic Neighborhood”. Federal Reserve Bank of
Chicago Economic Perspectives. v20 n4d 3-27.

Carpenter, Robert E., Fazzari, Steven M. and Petersen, Bruce C. 1994
“Inventory Investment, Internal Finance Fluctuations, and the Busi-

ness Cycle”. Brookings Papers in Economic Activity. n2 75-122.

Davis, Steven J., Haltiwanger, John C. and Schuh, Scott. Job Creation
and Destruction. The MIT Press, Cambridge, Massachusetts, London,
England. 1996.

DeMeza, David and Webb, David C. 1987 “Too Much Investment:
A Problem of Asymmetric Information”. Quarterly Journal of Eco-

nomics. 101, 281-292.

DeMeza, David and Webb David C. 1988 “Credit Market Efficiency
and Tax Policy in the Presence of Screening Costs”. Journal of Public

Economics. 36, 1-22.

53



DeMeza, David and Webb David C. 1989 “The Role of Interest Taxes in
Credit Markets with Divisible Projects and Asymmetric Information”.

Journal of Public Economics. 39, 33-44.

Diamond, Douglas W. 1984. “Financial Intermediation and Delegated
Monitoring”, Review of Economic Studies, 51(3), 393-414.

Diaz-Gimenez, Javier, Prescott, Edward C., Fitzgerald, Terry and Al-
varez, Fernando. 1992 “Banking in Computable General Equilibrium
Economics”. Journal of Economic Dynamics and Control. v16 n3-4

533-59.

Dunne, Timothy, Roberts, Mark J. and Samuelson, Larry. 1989a “The
Growth and Failure of US. Manufacturing Plants”. Quarterly Journal
of Economics. v104 nd 671-98.

Dunne, Timothy, Roberts, Mark J. and Samuelson, Larry. 1989b
“Plant Turnover and Gross Employment Flows in the US Manufac-

turing Sector”. Journal of Labor Economics. v7 nl 48-71.

Erosa, Andres. 1996. “Financial Intermediation and Economic Devel-

opment”. Manuscript, University of Minnesota.

Evans, David S. 1987. “The Relationship Between Firm Growth, Size,
and Age: Estimates For 100 Manufacturing Industries”. Journal of

Industrial Economics. vol. XXXV n4

Evans, David S. and Leighton, Linda S. 1989 “Some Empirical Aspects

of Entrepreneurship”. American Economic Review. v79 n3 519-35.

Evans, David S. and Jovanovic, Boyan. 1989 “An Estimated Model
of Entrepreneurial Choice under Liquidity Constraints”. Journal of

Political Economy. v97 nd 808-27.

54



Gale, William G. 1991 “Economic Effects of Federal Credit Programs”.
American Economic Review. March 1991, v81 nl 133-51.

Garcia-Cobos, Julio. 1994 “Lending Relationships and Collateral: An
Empirical Exercise”. Manuscript. State University of New York at

Stony Brook.

Gome, Greenwood and Rebelo. Fquilibrium Unemployment. Manuscript.

University of Rochester.

Hall, Bronwayn H. 1987 “The Relationship Between Firm Size and
Firm Growth in the US Manufacturing Sector”. The Journal of Indus-
trial Economics. v35 n4 583-606.

Hansen, Gary D. and Imrohoroglu, Ayse. 1992 “The Role of Unemploy-
ment Insurance in an Economy with Liquidity Constraints and Moral

Hazard”. Journal of Political Economy. 100(1) 118-42.

Holtz-Eakin, David, Joulfaian, Douglas and Rosen, Harvey S. 1994a
“Entrepreneurial Decisions and Liquidity Constraints”. Rand Journal

of Economics. v25 n2 334-47.

Holtz-Eakin, David, Joulfaian, Douglas and Rosen, Harvey S. 1994b
“Sticking It Out: Entrepreneurial Survival and Liquidity Constraints”.
Journal of Political Economy. v102 nl 53-75.

Hopenhayn, Hugo A. and Rogerson, R. 1993 “Job Turnover and Policy
Evaluation: A General Equilibrium Analysis”. Journal of Political

Economy. 101 915-938.

Hoshi, Takeo, Kashyap, Anil and Scharfstein, David. 1991 “Corporate
Structure, Liquidity and Investment: Evidence from Japanese Indus-

trial Groups”. Quarterly Journal of Economics. v106 nl 33-60.

55



Huggett, Mark R. 1993 “The Risk-Free Rate in Heterogenous Agent
Incomplete-Insurance Economies”. Journal of Economic Dynamics and

Control. v17 nb-6 953-69.

Imrohoroglu, Ayse. 1989 “Cost Of Business Cycles with Indivisibilities
and Liquidity Constraints”. Journal of Political Economy. v97 n6
1364-83.

Innes, Robert. 1991 “Investment and Government Intervention in
Credit Markets When There is Asymmetric Information”. Journal of

Public Economics. v46 347-81.
Kashyap, A., J. Stein and D. Wilcox. 1993 “Monetary Policy and

Credit Conditions: Evidence From the Composition of External Fi-

nance”, American Economic Review. 83: 78-98.

Kirchoff, Bruce A. 1994 “Entrepreneurship and Dynamic Capitalism”.
Westport, Conn.:Prenger.

Kiyotaki, Nobuhiro and Moore, John H. 1997 “Credit Cycles”. Forth-

coming, Journal of Political Economy.

Lacker, Jeffery M. 1994 “Does Adverse Selection Justify Government
Intervention in Loan Markets?”, Federal Reserve Bank of Richmond

Economic Quarterly. 61-95

Light, Ivan. 1972 Ethnic Enterprise in American Business and Wel-
fare among Chinese, Japanese and Blacks. Berkley, CA: University of

California Press.

Lucas, Robert E. Autumn 1978 “One the Size Distribution of Business
Firms”. Bell Journal of Economics. v9 n2 508-23.

Meyer, Bruce D. 1991 “Why Are There So Few Black Entrepreneurs?”.
NBER Working Paper , No. 3537.

56



Mortensen, Dale T. and Pissarides, Christopher A. 1994a “The Cyclical
Behavior of Job and Worker Flow”. Journal of Economic Dynamics

and Control. v18 n6 1121-42

Mortensen, Dale T. and Pissarides, Christopher A. 1994b “Job Cre-
ation and Job Destruction in the Theory of Unemployment”. Review

of Economic Studies. 397-415.
OECD. 1994. “Taxation and Small Businesses”.
Peterson, Mitchell A. and Rajan, Raghuram G. 1994 “The Benefits

of Lending Relationships: Evidence from Small Business Data”. The

Journal of Finance. vXLIX nl 3-37.

Smith, Bruce D., and Michael J. Stutzer. 1989 “Credit Rationing and
Government Loan Programs: A Welfare Analysis”. ARFUEA Journal,
v17 177-193.

Sowell, Thomas. “Thoughts and Details on Poverty”. Policy Review.
1981.

Stokey, Nancy L. and Robert E. Lucas, Jr. with Edward C. Prescott.
1989. Recursive Methods in Economic Dynamics. Harvard University

Press. Cambridge, Massachusetts, and London, England.

Tauchen, George. 1986 “Finite State Markov-Chain Approximations
to Univariate and Vector Autoregressions”. Journal of Mathematical

Economics.

Quadrini, Vincenzo. 1996 “Entrepreneurship, Saving and Social Mo-

bility”. Thesis. University of Pennsylvania.

Veratierto, Marcelo L. 1995 “Essays on Job Creation and Job Destruc-

tion”. Thesis. University of Minnesota.

57



Weinberg, John A. 1994 “Firm Size, Finance, and Investment”. Federal
Reserve Bank of Richmond Economic Quarterly. v80 n1 19-40.

58



	Working Paper Series Title: Entrepreneurship and Government Subsidies Under Capital Constraints: A General Equilibrium Analysis 
	Working Paper Series Date: WP 97-09
	Working Paper Series Authors: Wenli Li
Federal Reserve Bank of Richmond


