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The Role of Venture Capital in an Endogenously
Growing Economy

Peichang Zhang

Abstract

This paper presents an endogenous growth model in which R&D
improves product quality and venture capital supports these quality-
enhancing activities both financially and nonfinancially. In the model,
the venture capitalists’ skill in evaluating entrepreneurs’ innovative a-
bilities plays a key role in achieving innovation and economic growth.
When their skill is sufficiently low, neither innovation nor econom-
ic growth occurs even if entrepreneurs are abundant in the economy.
Moreover, insufficient market size discourages entrepreneurs from en-
gaging in R&D activities. Therefore, competent venture capitalists and
a sufficiently large market are indispensable to the economy’s long-run
growth.
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1 Introduction

Over the last two decades, some economists have examined the links between
financial development and economic growth. Theory and evidence imply
that better functioning financial systems mitigate the effects of information
and transaction costs and thus relax the external financing constraints that
impede firm and industrial expansion (Levine, 2005). In the process of
reducing market frictions, financial intermediaries produce information and
allocate capital by evaluating prospective entrepreneurs and revealing the
expected profits from engaging in innovation (King and Levine, 1993), which
illuminates one mechanism through which financial development influences
economic growth.

While all financial intermediaries provide these functions, how well they
do so may differ across different types of financial intermediaries. Allen and
Gale (1999) note that although banks may be effective at eliminating dupli-
cation in information gathering and processing, they may not be effective
gatherers and processors of information in new, uncertain situations involv-
ing innovative products and processes. In contrast, venture capital funds
have emerged as prominent financial intermediaries facilitating the entry
of young innovative firms. Empirical studies have found strong linkages a-
mong venture capital activity, innovation, and economic growth. Kortum
and Lerner (2001) examine the influence of venture capital on patented in-
ventions in the United States across twenty industries over three decades
and report that venture capital may have accounted for 8% of industrial
innovations in that period. Pradhan, Arvin, Nair, Bennett, and Bahmani
(2019) assess the causal relationship between venture capital investment and
economic growth in European countries over the past three decades and re-
veal the existence of both unidirectional and bidirectional causality between
the variables.

Despite the empirical relevance of venture capital activities to innova-
tion and growth, the literature has not provided a unified theoretical frame-
work that explains this relationship. This paper provides a theoretical at-
tempt to feature venture capitalists identifying and supporting prospective
entrepreneurs.! I consider an economy with asymmetric information and
uncertainty in which the type of agents seeking venture capital is not ob-
servable to venture capitalists, and the former are exposed to high risks of
failure when engaging in innovative activities.? Such conditions incentivize
non-entrepreneurs who lack the industry expertise necessary for innovation
to seek venture funds provided by venture capitalists. Hence, venture capi-

1Opp (2019) develops a model of venture capital intermediation that can explain central
empirical facts about venture capital activity and uses it to evaluate the impact on the
macroeconomy. Compared to Opp’s study, this paper focuses more on the relationship
between venture capitalists’ competency and economic growth.

2See Hall and Woodward (2010) for empirical evidence.



talists screen and identify the genuine entrepreneurs capable of running an
R&D project. 3 Venture capitalists’ cost of evaluating proposals measures
their competency.

Based on the works of Grossman and Helpman (1991) and King and
Levine (1993), I present another endogenous growth model in which en-
trepreneurs are alternately involved in innovative and productive activities,
and venture capitalists support them financially and nonfinancially. In that
model, the venture capitalists’ skill in evaluating entrepreneurs’ innovative
abilities plays a crucial role in achieving innovation and economic growth.
There are two main findings of my model. First, when venture capitalists’
skill is sufficiently low, neither innovation nor economic growth occurs even
if entrepreneurs are abundant in the economy. This finding theoretically ex-
plains the practical importance of venture capitalists’ efforts to evaluate and
screen entrepreneurs documented in Kaplan and Stromberg (2001). Second,
insufficient market size discourages entrepreneurs from engaging in R&D
activities. Therefore, competent venture capitalists and a sufficiently large
market are indispensable to the economy’s long-run growth.

The remainder of this paper is organized as follows. Section 2 presents
the model. Section 3 derives the stationary equilibria of that model. Section
4 discusses some welfare properties of those equilibria. Section 5 concludes
the paper.

2 The Model

2.1 Numeraire and Indexed Goods

Consider an economy in which all goods are produced from labor one-to-one.
They are categorized into numeraire and indexed goods. The numeraire is
produced competitively, and thus the wage rate in terms of that good, de-
noted by w, is determined as w = 1. Indexed goods constitute a continuum
of measure one, each of which is identified by a real number in [0, 1] and
can be potentially supplied in a countable number of qualities. The quality
j of the good indexed by w (€ [0,1]) is expressed as g;(w) = A, where the
quality step A (> 1) is common to all indexed goods. Stepping up the qual-
ity ladder requires R&D activities, while how to produce the lowest quality
(i.e., go(w) = 1) is publicly known.

2.2 Economic Agents

There are three types of agents in the economy: entrepreneurs, non-entrepreneurs
and venture capital. The first two are utility-maximizing individuals, while
the last is profit-maximizing organizations. Assume that the populations of

3 As shown in Kortum and Lerner (2000), venture capital backed firms are more inno-
vative and produce more valuable patents. See also Samila and Sorenson (2011).



entrepreneurs and non-entrepreneurs are M (> 1) and N in measure, re-
spectively, and that they are endowed with one unit of labor in each period.

2.2.1 Entrepreneurs

Entrepreneurs share a common utility function:
oo
Ue=) Ble. (1)
t=0

where § (< 1) is the subjective discount factor. They consume only the
numeraire. In each period, depending on their current status, they expend
their endowed labor to engage in one of the following three activities: pro-
ducing an indexed good, R&D, or working for others.

2.2.2 Non-entrepreneurs

Non-entrepreneurs can only work for others. Specifically, they inelastically
supply their endowed labor to the labor market and consume all indexed
goods. They share an intertemporal utility function:

U, = Z B'log X, (2)

t=0

Note that the entrepreneurs and the non-entrepreneurs have a common dis-
count factor (i.e., 5). The contents of log X; are given by

1 Jt(w)
logXt:/ log Z gjt(w)dj(w) | dw (3)
0 -
J=0

where dj;(w) and Jy(w) denote the demand for indexed good w of quality
7 and the highest quality of that good available in period t, respectively.
The non-entrepreneurs maximize utility in two stages. The first step is to
maximize (3) subject to

1
B- [
0

where F; is the total expenditure on indexed goods in period ¢, measured
by the numeraire. The solution to this problem is derived as

Ji(w)
pit(w)dji(w) | dw (4)
=0

o= { Bt 0 o



where JJ(w) is the single quality that carries the lowest quality-adjusted
price pjs(w)/qj¢(w). Using (5), one can rewrite (2) as
o0 1
v, =38 [mg Bt [ (ogai(e) — log () (6)
t=0 0
where ¢:(w) and p;(w) represent the quality and price of J;(w), respective-

ly. The second step of non-entrepreneurs’ optimization is to maximize (6)
subject to their flow budget constraint:

At+1 = (]. + Tt)At + 1-— Et (7)

where A; and r; denote the asset of a non-entrepreneur in period ¢t and the
one-period interest rate from period t — 1 to ¢, and 1 in the RHS is the
labor income earned in period ¢, respectively. From (6) and (7), the Euler
equation is derived as

Ei1/Ee = B(141441). (8)

2.2.3 Venture Capital

Entrepreneurs seek venture capital to start their innovative activities be-
cause they are assumed to be incapable of raising capital in public markets
or securing a bank loan due to their limited operating history or lack of ini-
tial wealth. The venture capitalists invest in startup entrepreneurs who are
expected to succeed at R&D activity and become the monopolistic supplier
of an indexed good. The startups face high uncertainty, and the venture cap-
ital firms take on their risk hoping that some of them will become successful.
Specifically, the venture capitalists evaluate R&D projects proposed by the
startups and acquire a sufficient percentage, say «, of the equities issued by
those whose proposals are promising in return for paying in advance all of
the expenses necessary to start their projects, say C;. After having taken
significant control over promising projects, the venture capitalists monitor
the R&D activities of their proposers, provide them with advice on how to
proceed with their projects, and receive « percentage of the profits if they
succeed at innovation.

Nonetheless, non-entrepreneurs can make proposals to the venture fund
Cr. They do not endeavor to innovate and work for others. Since en-
trepreneurs face a high risk of failure, non-entrepreneurs may be incentivized
to disguise their type, given that venture capitalists do not evaluate propos-
als. Investors gain no return from non-entrepreneurs they support if they
do not clarify the type of agents. Therefore, venture capitalists choose to
evaluate, and non-entrepreneurs do not make proposals. Cpg denotes the



cost of evaluation. ¢ Total costs arising from the venture capitalists’ sup-
port activities are defined as C = C; + Cg. Cg’s reciprocal (i.e., 1/Cg)
can be interpreted as a measure of their skill, as a more competent venture
capitalist can verify entrepreneurs at a lower cost. In this model, free entry
to venture capital investment is assumed, and thus the operating ventures
earn zero profit.

3 Stationary Equilibria

In what follows, the analysis will be made under the assumption that the
economy is in a stationary equilibrium, where all variables are time-invariant
in value. Thus the time subscript ¢ can be omitted. ° In any stationary
equilibrium, the interest rate is determined by (8) as

r=(1/8) - 1. (9)

3.1 Venture Funding and Innovation

In any period, every entrepreneur stays in one of the following three status-
es: quality leaders, the population of which is equal to 1; innovators, the
population of which is equal to I; and workers, the population of which is
equal to min[0, M — 1 — I].

3.1.1 Quality Leaders

A quality leader can produce the highest quality of an indexed good. He can
monopolize all of the demand for that good by setting his price at a level
that carries a lower quality-adjusted price against his rival, who stands one
step near him. Specifically, he sets his price as p = A, which yields NE/\
units of the demand for his good. In doing so, he earns a profit that amounts
to

§=(1-1/\NE. (10)

However, the status of a quality leader is not permanent. If an innovator
succeeds in producing a higher quality of that good, the incumbent loses the
status of a quality leader. Such a replacement occurs with probability IT per
period. Hence, in any period, II of quality leaders lose their status. They
choose to become either innovators or workers in the next period.

“Sunaga (2017) analyzes the effects of financial intermediaries’ monitoring costs on
economic growth. In her context, it is costly to monitor entrepreneurs who can conceal
the result of successful innovation and avoid repaying financial intermediaries. Differing
from her study, the cost Cg here arises from adverse selection.

It can be shown that any stationary equilibria of this economy are locally unstable,
meaning that the growth path that converges to the stationary equilibria (except the
trivial case) does not exist. See Appendix A.



3.1.2 Innovators

An innovator succeeds in his innovation with probability = (< 1/(M —1)) per
period. Since there are I innovators in any period, the number of successes
per period is w1 (= II). Furthermore, since the profit flows are the same for
all indexed goods, and since the prospective leadership position is expected
to last equally long for any good, innovators target all goods to the same
extent. Let @ and Vi denote the total value of an innovator and the net
worth of being an innovator, respectively. Since a percentage of the profit
in each period goes to venture capital, () and V; satisfy

Vi=(1-0a)Q.

As long as there is positive innovation, competition among venture capital-
ists reduces their expected profits to zero, i.e.,

a@ =[a/(1 —a)|V; =C. (11)
If [a/(1 — «)]Vr < C, venture capitalists reject all R&D proposals, and thus
I = 0. Let Vp denote the net worth of being a quality leader. Then, the
argument thus far implies that V; and Vp satisfy
Vi = BlnVe+(1—m)Vi] (12)
Vp = (1—a)d+ gV + (1 -1II)Vp]. (13)
By solving (12) and (13) with respect to V; and Vp, one can obtain
(1 —a)mfo

O R e} )
Eqs.(10)(11)(14) and IT = 7] jointly produce
maf(l —1/A)NE _c (15)

(1=pB)[1=B+7B(1+1)]
If I > 0, then «, E, and I must satisfy this condition.

3.1.3 Workers

Entrepreneurs can work for others, and the net worth of being a worker is
given by 1/(1 — ), as the wage rate is determined as w = 1. When V; <
1/(1 — B), they may find it rational to become workers. Specifically, when
Vi < 1/(1 — B), being a worker is more attractive than being an innovator,
and thus all of the entrepreneurs choose to become a worker, resulting in
I = 0. When V; = 1/(1 — j3), being a worker and being an innovator is
equally attractive, and thus it is likely that some of the entrepreneurs become
a worker and others become an innovator. In the second case, eq.(11) and
Vi =1/(1 — B) jointly determine « as

(1-p)C

o= =50 (16)



3.2 Clearance of the Labor Market
The labor market clearing condition can be written as

7CI+(1—a)(1 —1/A\)NE +min[0, M —1—I]+ NE/X

= N +min[0, M — 1 —I]. (17)

The LHS and RHS of this equation are the aggregate demand for labor
and its aggregate supply, respectively. More specifically, 7CT + (1 — a)(1 —
1/A)NE + min[0, M — 1 — I] is the labor demand arising from numeraire
production, NE/\ is the labor demand arising from indexed goods produc-
tion, and N + min[0, M — 1 — I is the labor supplied by entrepreneurs and
non-entrepreneurs. Eq.(17) can be simplified as

(1—E)N +a(l —1/A\)NE = =CI. (18)

This equation means that in any stationary equilibrium, the net income flow
from the financial sector is always zero, since (1 — E)N, (1 —1/\)NE, and
wC1I are the additional deposits by the non-entrepreneurs, the dividends
from the quality leaders, and the venture capitalists’ expenditure, respec-
tively.

3.3 Innovation Equilibrium

Two types of stationary equilibria are conceivable in this model. The first
type is called the innovation equilibrium, in which some entrepreneurs are
engaging in R&D activities. Possible innovation equilibria can be further
divided into full and partial innovation cases. In the full innovation case,
no entrepreneurs choose to work for others, and thus the equilibrium value
of I is determined as

I=M-1. (19)

Then, conditions (15)(18) and (19) jointly determine the equilibrium values
of E and « as

E = 1+ (I—W—B)M+7T+%}% (20)
_ (1-8)(1—B+rBM)C 1-8)2 -1
a = ! wi%((l—l/)\)N ) {1 + [(1 — 7= B)M + 7+ 77,8) } %} (21)

These equilibrium values satisfy V7 > 1/(1—0) if and only if C'(= C;+Cg) €
(0,C4], where C is defined as
TBA—=1)N — X1 - B+ 7M)
Ch, = 5 . (22)
(1= =B +aBM)+m?B(A—1)(M —1)
In the partial innovation case, some entrepreneurs choose to work for others,
and hence

0<I<M-—1. (23)



In this case, the equilibrium value of « is given by (16), as already seen.
Then, conditions (15)(16) and (18) jointly determine the equilibrium values
of I and F as

O Vs I Vo R MRl RN
O =D +1=AC A
AL+ (1- B)C[(m + 1/8 — 1)C + N]
E = T oD+ pce N (25)

These equilibrium values satisfy (23) if and only if C € (Cy,C3), where Co
is defined as

A—1DN = X1 -

(1= B)(1— B +nB)
The next proposition summarizes the argument thus far.
Proposition 1. Let Cy and Cy be as defined in (22) and (26), respectively.
(a) When the parameters satisfy

[(1=B)Cr +AJ(A = B +p)

B0~ 1) |
there is no innovation equilibrium in this model. (b) When the parameters
satisfy

N <

(27)

[(1=P)Cr+ A|(1 — B+ 7p)
N > o (28)
and

B —1)
there is a unique innovation equilibrium in this model if and only if Cg
satisfies Cg € (0,Cq — Cr). This equilibrium is of the partial innovation
type. (c) When the parameters satisfy
(1-8)Cr+XN1—p+ M)
B 1)

there is a unique innovation equilibrium in this model if and only if Cg
satisfies Cp € (0,Cy — C7). This is a full innovation equilibrium when
Cg € 10,C1 — C1] and a partial innovation equilibrium when Cg € (Cy —
Cr,Cy = Cy).

Proof. When (27) is valid, it is straightforward to verify that C; > C5, and
thus C > (9, making it impossible for this model to have any innovation
equilibrium. When (28) and (29) are true, C; < C5 < Co, meaning that the
model has no full innovation equilibrium and that it has a unique partial
innovation equilibrium if Cg € (0,Cy — Cr). When (30) is true, C; < C1,
meaning that the model has a unique full innovation equilibrium when Cg €

[0,C7 — C1] and that it has a unique partial innovation equilibrium when
CEE(Cl—C],CQ—C[). O

N >

(M - 1), (30)



3.4 Zero-innovation Equilibrium

The second type of stationary equilibrium is called the zero-innovation e-
quilibrium, in which no entrepreneurs are engaging in R&D activities. In a
zero-innovation equilibrium, both the numeraire and indexed goods of the
lowest quality are competitively produced, and thus the equilibrium values
of E and I are determined as £ = 1 and I = 0. ¢ Although venture capital
provides no support for startups in this type of equilibrium, it is possible to
estimate the value of « that they would offer to startups. Substituting the
equilibrium values of E and I into (15) yields this value:

(1-p)1 - B+ pr)
B8(1 —1/A)N

o= C. (31)
When & > 1, the future profits of a new project cannot cover its necessary
expenses (i.e., @ < C). In this case, supporting a startup does not pay off,
and thus the venture capitalists reject all R&D proposals. When a < 1,
in contrast, the future profits of a new project cover its necessary expenses
(i.e., @ > (), and thus the venture capitalists are prepared to support new
startups. However, potential startups may refuse their offers if
1—-1/A)N 1
RBA-1NN 1
(1=p)1 =B+ pm) 1-5
When (32) is valid, no entrepreneurs may find it attractive to engage in R&D
activities. In fact, & > 1 implies (32), and thus the zero-innovation equilib-
rium exists in this model if and only if (32) is true. The next proposition
summarizes the argument thus far.

Vi=(1-a)Q=

(32)

Proposition 2. Define Cs3 as

_ mBA-1N-A1-B8+7p)
T VG T R ) (33)

(a) When the parameters satisfy

A1 =B)Cr+1]( = B+ 7p)
B 1)
there is a unique zero-innovation equilibrium in this model. (b) When (34)

does not hold, there is a unique zero-innovation equilibrium in this model if
and only if Cg satisfies Cp € [C3 — Cr, +00).

N < , (34)

51n a zero-innovation equilibrium, financial intermediaries provide no support for star-
tups. Moreover, the indexed goods are produced competitively, and thus their producers
earn zero profit. These jointly simplify (18) as E = 1.

10
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Figure 1: Equilibrium Values of I

Proof. Tt is easy to verify that V; = 1/(1 — ) if C = C3 and that C' > Cs is
equivalent to (32), which is the existence condition for the zero-innovation
equilibrium. When (34) is true, C; > Cj3, ensuring the existence of a zero-
innovation equilibrium. When (34) does not hold, C; < Cs , meaning that
the model has a unique zero-innovation equilibrium if and only if Cg >

Cs—Cr. O

3.5 Essential Conditions for Innovation and Growth
Propositions 1 and 2 jointly imply the next proposition.

Proposition 3. Let Cy and C3 be as defined in (26) and (33), respectively.
(a) When the parameters satisfy (27), this model exhibits a unique zero-
innovation equilibrium. (b) When the parameters satisfy (28) and (34), this
model exhibits both innovation and zero-innovation equilibria if Cg € [0, Ca—
Cr) and a unique zero-innovation equilibrium if Cp € [Cy — Cr,+00). (c)
When (34) does not hold, the model exhibits a unique innovation equilibrium
if Cp < Cs — Cg, both innovation and zero-innovation equilibria if Cg €
[C3 — Cr,Cy — Cr), and a unique zero-innovation equilibrium if Cg € [Cy —
Cr,+0).

Proof. Recall that this model has an innovation equilibrium only when C' <
(5 and a zero-innovation equilibrium only when C3 < C. C' = C; 4+ Cg by
definition then yields the result in Proposition 3. O

11
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Figure 2: Equilibrium Values of E

Figures 1-3 depict the equilibrium values of I, F, and «, respectively,
for every integral value of Cg in [0,15000].” Other parameter values are set
as

B=099, 7 =005 A=15 N =200, M =10, C; = 100
which satisfy (30) and yield the values of C7, Cy and C3 as
C1 = 258.99, Cy = 8269.33, C3 = 5512.89.

These figures show that the innovation equilibrium exists when Cg takes a
relatively small value and that the zero-innovation equilibrium exists when
Cg takes a rather significant value, which coincide with the statements of
Proposition 3. Proposition 3 implies that a sufficiently large N relative to
Cr and a small enough C'g are essential to this economy’s innovation and
growth. Specifically, the first and foremost condition for innovation is that
N must satisfy the following inequality:

(1= B)Cr + A1 = B+ 78)
B0 —1) |

When this condition is not met, the population of non-entrepreneurs, who
buy and consume the indexed goods, is so small that innovators cannot

N >

"Since in the zero-innovation equilibrium, & < 1 (as discussed in (31)) only for a slight
range of C(€ [5411,5462]), I did not present & in figure 3.

12
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make a considerable net profit even if they succeed at innovation. Thus,
the entrepreneurs lose their interest in innovation. Even when NN satisfies
the above condition, no innovation occurs unless Cr satisfies Cp < Cy —
Cr. When Cg > Cy — Cy, venture capitalists would require most of the
profits from successful innovations to cover their expenses, which discourages
entrepreneurs from engaging in R&D activities.

4 Optimal Growth

Define the growth rate g to be the rate of increase in X;. When interpreting
the ws as indexed goods, g corresponds to the growth rate in a quality-
adjusted consumption index.

To calculate g, note that in a stationary equilibrium, log X; can be ex-
pressed as

1
log X; = log & — log A +/ log g (w)dw
0

Since in equilibrium the same intensity of R&D applies to all products and
by assumption ¢q;(w) ~ Bi(t,II), the above equation can be rewritten as

log X; = log E — log A + IItlog A (35)

Hence, the growth rate of X; is given by IllogA = wllogA. One is now
prepared to study issues of welfare. Using (2), (35) and that E and I are
constant in a stationary equilibrium, U,, can be derived as:

(1-p)U, :logE—log)\%—l_ﬁﬁHlog)\ (36)

13
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The optimization problem of a social planner is to maximize (36) subject to
(18) and 0 < I < M — 1. The optimal [ is given by

1 1-p C
I*—max{O,min{M—l,ﬂ_C<N—flog))}} (37)

I* = 0 means that it is optimal for the economy to maintain the zero inno-
vation equilibrium. The next proposition is straightforward:

Proposition 4. Define Cy,Cs as

_ BN log A _ BNlog A
Gi = 7B(M —1)log\+1—f’ Cs = 1-8 (38)

both of which are positive, and C5 > Cy. (a) When C'[ € (0,Cy], for C
[0,04—01],[* = M—l,‘fOTCE S (04—01,05—01), %(N—Ql
and for Cp > C5 — Cr, I* = 0. (b) When C1 € (C4,Cs), for Cg €

Cr), I' = 25(N =152 155); for Cp > C5 = Cy, I* = 0. (c) When Cr > Cs,
I* =0.

Figure 4 depicts I and I* for the integral value of Cg in [7300, 8200] in the
numerical example discussed above. In this case, Cy = 421.13, C5 = 8028.21
and C; < Cy < C3 < C5 < (5. According to proposition 1, when Cg €

14



(0,158.99], I = M — 1 = I'* and the optimal growth rate coincides with the
decentralized growth rate. When Cg € (158.99, 7668.21], there is excessive
innovation, and when Cp € (7668.21,8169.33), innovation is insufficient.
Specifically, it is noteworthy that I* = 0 for Cg > Cs — C = 7928.21, while
the decentralized [ is still positive for Cr € (7928.21,8169.33).

The inefficiency in the economy stems from three main reasons. First,
although R&D projects with @ > CT make society better off and thus should
be financed, only projects supported by venture capital (i.e., projects such
that @) > C) are executed, resulting in deficient innovation in decentralized
equilibria. The second and the third reasons are externalities generated by
innovation, referred to as the consumer surplus effect and business-stealing
effect, as mentioned in Grossman and Helpman (1991). Their aggregate
impact is typically ambiguous. The optimum can be decentralized here
through a tax on entrepreneurs who choose to work for others or a subsidy
on those involved in R&D activities when innovation is insufficient. An
adverse policy is desirable when innovation is excessive.® By imposing a
tax on or compensation for entrepreneurs, the government can achieve the
socially optimal growth rate.

5 Conclusion

This paper presents a model in which venture capital has significant rami-
fications for innovation and long-run growth. In this model, an innovation
equilibrium exists only when N takes a sufficiently large value relative to the
project cost C; and Cg takes a relatively small value. Since 1/Cpg can be
interpreted as a measure of the competency of venture capitalists, this result
means that innovation and economic growth can occur only when venture
capitalists are sufficiently competent and the market (i.e., the population of
non-entrepreneurs) is sufficiently large.

Given a sufficiently large market size N, when CE takes a reasonably
large value, venture capitalists reject all R&D proposals, as their future
profits cannot cover the expenditure. Even when future profits cover costs,
entrepreneurs prefer working for others to engaging in R&D activities. For
these reasons, the innovation equilibrium does not exist for such a large value
of Cg. In contrast, when Cg takes a sufficiently small value, venture capital-
ists are willing to grant certificates to R&D proposals, as their future profits
cover the expenditure with ease. Given this attitude of venture capitalists,
entrepreneurs also find it more profitable to engage in R&D activities than
to work for others. These jointly lead to a continuous process of innovation
and economic growth. That demonstrates why the zero-innovation equilib-
rium does not exist for such a small value of Cg. When Cg takes a medium

8See Philippon (2010) for a discussion of taxes and subsidies in financial and nonfinan-
cial sectors.
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value, both innovation and zero-innovation equilibria coexist. Which occurs
depends on entrepreneurs’ expectations of the net worth of an innovator.
This feature of the model is related to entrepreneurs self-fulfilling expecta-
tions about the implementation of innovations discussed in Shleifer (1986).
Nonetheless, if the population of non-entrepreneurs who buy and consume
indexed goods is small, no entrepreneurs can make a considerable profit
even if they succeed at innovation. Consequently, no innovation occurs in
the economy.

An attractive extension to this model is to make C'g endogenous. It takes
an ex ante cost Cg to evaluate and support startup R&D projects in the
model. However, technological innovation itself may substantively affect the
operation of financial systems by, for example, transforming the acquisition,
processing, and dissemination of information.? Additional research needs to
explore the co-evolution of venture funding and growth.

Appendix A Local Instability of the Stationary E-
quilibria
To explore local stability, rewrite the previous equation with time label

Vi = BlnVeia + (1 —7)Vieg] (39)
Vb = (1—a)d + B Vigpr + (1 — 1) Vi) (40)

Using the following notation, (39) and (40) can be written in matrix form

(41).
(Vi _( B —=m) B
Ve = ( VP; >’Alt B < prly Bl —7ly) >’

A = 0
T\l a-a)-1/A)NE; )
Vi=AnVigr + 4y (41)
Note that I; is a jump variable such that:
M—-1 ifVi>1/(1-§)

I; = elo,M—1] it Vi, =1/(1-p) (42)
0 otherwise

and that A, depends on I;, while A; depends on both a; and E; (and thus
I;). The relationship determined in (41) varies through time. First, consider
the case in which the economy starts from I = 0 and some V. C € (Cs,C3)

9For instance, Philippon and Reshef (2012) documents a set of new, interrelated styl-
ized facts about the evolution of skill intensity, wages, organization, and occupational
complexity in the financial industry.
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for which the innovation equilibrium and zero innovation equilibrium coexist.
Specifically, let I =0, E = 1, and « be given by that in the zero innovation
equilibrium; & in (31). (41) becomes:

Verr = Ag (Vi = Do) (43)
Calculation shows that
Vi —V=A' (V- V)
where

7= =B —F+pm) —

mB(1—1/N)N c
( — o (TB(L = 1/A)N — (1 - B)(1 -+ 7B)C) )

correspond to the Vi and Vp in the zero innovation equilibrium,

-1 1 1 —T
4o _ﬁ(l—Tr)(O 1—77)'

Two eigenvalues of Ay Lare Ay = ﬁ and Ay = %, both of which have a
modulus greater than 1. Thus, starting from V7 in some right neighborhood
of Vi, Vi increases. (Note that C' > C5 implies that Vi < 1/(1 — B).)
Starting from V7 in some left neighborhood of V7, Vi, decreases. Therefore,
the zero innovation equilibrium is locally unstable. Typically, for given

Ie[0,M—1],

_ 1 -7 -
AIl:B(l—w(I—i—l)) < —nl 1—7rI>

Eigenvalues of AI_1 are Ay = m and Ay = % By assumption,
O<nm(M—-1)<1land I €[0,M —1]; thus 1 > |1 —7(I 4+ 1)| > 7, meaning
that |[Aq],]A2| > 1. The same argument then applies, which proves the

statement in section 3.
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