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1 Introduction

The advent of the internet economy and the technological revolutions in telecommunica-

tions, biology and other sciences has led to unprecedented rates of business formation. In

starting up new firms, pioneering entrepreneurs have been a major driving force of the

growth of knowledge-intensive industries. Innovative projects can be highly profitable but

tend to be rather risky as well. In fact, complete business failure is quite common among

start-ups. Entrepreneurs face several barriers in starting a new firm. As compared to the

start-up investment costs, their own resources tend to be limited and they require outside

finance. Typically, they look back on an engineering or science career but are commer-

cially inexperienced. Their superior technological knowledge and proprietary information

makes it difficult for outside financiers to evaluate the project and monitor its progress.

Having no own track record and no collateral, traditional bank finance is often not avail-

able. Instead, this void is filled by venture capitalists. They are specialized in financing

innovative, but highly risky projects. The rise of venture capital (VC), including private

business angels and VC companies, is a rather new phenomenon.1 While venture capital

in the US amounted to no more than 2-5 billion USD annually in the early 90s, recent

estimates put it at almost 60 billion in 1999. Lagging behind for a long time, Europe is

now catching up as well. In 1999, its venture capital was 25 billion Euros, five times what

it was in the early 90s.2

Business angels and VC companies not only provide financial resources,3 but also sup-

port firms with their special business expertise, making success more likely.4 Given the

often limited business competence of the founding entrepreneur, the VC advice in building
1For our purposes, we treat these two institutions as identical. In reality, business angels often are the

early sources of finance while VC funds engage themselves in later stages of business development.
2See statistics of the European and US VC associations on www.evca.com and www.nvca.org.
3Sahlman (1990) and Gompers (1995) produced illuminating stylized facts on venture capital. For

a recent evaluation, cf. Kaplan and Strömberg (2000). Chan, Siegel and Thakor (1990) and Hellman

(1998) provided important analytical work.
4Cf. Repullo and Suarez (1999), Casamatta (1999) and Schmidt (1999). The role of public policy in

venture capital finance is discussed in Keuschnigg and Nielsen (2000).
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business relations, hiring the right personnel and marketing the product etc. becomes a

key input. The managerial expertise and industry knowledge of the financiers is thus a

critical ingredient of a healthy VC sector. There are probably few industries where expe-

rience matters as much as in VC investing. Such competence rests on own experience and

active business involvement in the respective industry. It cannot be acquired in short or-

der, nor is it easily transferable to other persons.5 As Gompers and Lerner (1999, p.4) put

it: “Not only is it difficult to raise a new venture capital fund without a track record, but

the skills needed for successful venture capital investing are difficult and time-consuming to

acquire”. It is expected that the limited supply of experienced venture capitalists (VCs),

rather than the availability of capital, is the truly scarce factor in launching young inno-

vative firms. The scarcity and quality of specialized management skills of the financiers

might importantly influence the success of newly established industries.

The existing literature on VC finance has focused on the relationship between financiers

and entrepreneurs and has studied how financial contracts can be arranged to provide the

appropriate incentives conducive to joint success. Our work has a rather different focus.

We ask how the scarcity of the managerial resource affects the success of start-ups. We

explore the implications for the quality of advice when there are many risky projects in

search of funds but a full-fledged VC industry is not yet developed. When entrepreneurs

with promising ideas are abundant but the supply of experienced VCs is limited, rents will

usually be abnormally high. VCs will be tempted to include a larger number of start-ups

in their portfolio.6 Managerial advice then tends to be stretched too thin over numerous

firms, reducing the VC’s value added in each single portfolio company and raising the risk

5In a rapidly changing business environment, such competence cannot be permanent either and it easily

depreciates. After a long and optimistic uprise of information technologies, the prospects disappeared in

some areas like internet trade, resulting in failures and bankruptcies. Stock prices of many technology

companies recently turned down as the success expectations of some firms proved to be fatally wrong.
6A VC is typically involved in several start-up firms and operates a pool of companies, see Gorman

and Sahlman (1989), Sahlman (1990), Norton and Tenenbaum (1993) and Reid, Terry and Smith (1997).

Building on Kanniainen and Keuschnigg (2000), we explain the optimal number of firms in a VC’s

portfolio. This issue is ignored in the theoretical literature on VC finance.
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of business failure. High rents over a prolonged time will eventually attract additional

VCs and ease the shortage in managerial advice. VCs will then focus on fewer firms,

advising each one more intensively and thereby keeping the chance of business failure

small. Since specialized managerial competence is acquired only through active business

experience, the emergence and entry of experienced VCs tends to be a slow process. For

this reason, the supply of VCs is presumably rather inelastic in the short run.

The policy debate has traditionally recommended to facilitate access to private equity

capital to support entrepreneurship and start-up investment. Indeed, private initiative

and government subsidies have lately raised more capital probably than what can fruitfully

by used in financing start-up entrepreneurs. What is needed more than ever is informed

capital that addresses the commercial inexperience of start-up entrepreneurs and avoids

excessive rates of business failure. Indeed, the VC industry has expanded vigorously. One

may doubt, however, whether much of it deserves its name in terms of the value added,

i.e. the quality of managerial advice, that it actually offers. Informed capital is much

scarcer and more difficult to expand than equity finance in the traditional sense. The

availability of high quality VC is probably still a considerable bottleneck especially in

Europe in launching and successful expansion of highly innovative industries.

The paper illustrates how some important demand and supply side shocks might

change the way the industry works. A demand shift, for example, may open up new

business opportunities and accelerate the rate of business formation, thereby creating de-

mand for more VC finance. The VC sector may benefit from improved investor knowhow

such that they will successfully launch with the same managerial effort a larger fraction

of start-ups. With the industry turning more capital intensive, the investment volume

needed to complete the start-up phase may become higher. VCs may also find it more

costly to provide the required managerial effort, possibly because the market environment

becomes more difficult. Apart from these variable costs, the fixed cost of setting up a VC

fund may increase on account of more formidable barriers to entry. In all those cases we

study how the scarcity of the managerial resource determines the quality of VC investing
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and shapes the evolution of the industry, both in the short and the long run.

The paper is organized as follows. In section 2, we derive the incentive compatible

contract and solve for the optimal managerial advice when a VC finances a portfolio of

companies. Section 3 studies the optimal number of portfolio companies and emphasizes

the key trade-off between portfolio size and riskiness of projects. Section 4 turns to the

industry equilibrium. In the short run, the number of VCs is fixed and each one finances a

variable number of firms to satisfy demand for VC support. We discuss how the presence

of rents attracts more VCs and then explore the industry equilibrium when free entry

makes the supply of VCs elastic and the managerial resource becomes more abundant.

Section 5 provides a short summary with some concluding comments.

2 Managerial Advice and Profit Sharing

Basic Assumptions: Our model of venture capital focuses on the managerial contri-

bution of the financier and emphasizes the importance of profit sharing arrangements to

realign the incentives of entrepreneurs and financiers for contributing to joint success. We

keep the model simple in other respects. All agents are risk neutral. While each VC

finances and advises a portfolio of n firms, an entrepreneur pursues only one project or

firm. There is no shortage of potential entrepreneurs given that market prices are suffi-

ciently strong to make their risky projects attractive. The number of VCs, in contrast, is

fixed in the short run and may adjust only after some time by entry or exit. We abstract

from screening or project choice and assume instead that projects have identical stochastic

structure ex ante. This will allow us to focus on the symmetric equilibrium.

In starting a firm, the entrepreneur gives up an income w ≥ 0, which she could earn
elsewhere. A project or firm is either successful and yields a return R > 0, or is a

failure and yields nothing. A successful project results in one unit of output which is,

for simplicity, a perfect substitute for the output of other projects. Hence, the value of a

successful project is equal to the common market price in the respective industry. Each
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project requires a uniform start-up investment of I > 0. The probability of success is

independent across projects. It depends on effort ei ∈ {0, 1} of the entrepreneur which
can be either high or low, and on advice ai ≥ 0 that the VC allocates to the i-th project:

P (ei, ai) = eip(ai), p00 (ai) < 0 < p0 (ai) , p (ai) < 1, A =
nP
i=1

ai. (1)

We assume diminishing returns to advice per project over the relevant range of ai. Because

of the assumption of symmetry, A = an. The special form of the success probability implies

that entrepreneurial effort is the critical input. Active managerial consulting further adds

value and enhances survival chances only if the entrepreneur’s effort is high.

Expanding her total consulting activity is increasingly costly to the financier. We

assume an increasing and convex cost of the VC’s advising effort γc (A) with c0(A) > 0,

c00(A) > 0 and γ > 0. Given discrete effort choice, the entrepreneur’s effort cost is simply

l(e) = {0, β}, β > 0. The subsequent analysis will be greatly simplified in assuming

isoelastic functional forms:

p (a) = α · a
1−θ

1− θ , c (A) =
A1+ε

1 + ε
, 0 < θ < 1, ε > 0. (2)

We interpret the parameter α as reflecting the VC’s experience and industry knowledge.

We take it for granted that a more experienced VC endowed with superior knowhow is

more productive in advising her portfolio companies and achieves with the same effort

a higher survival probability than a novice. The productivity parameter α could also

reflect the presence of incubators and other specialized infrastructure designed to promote

innovative business start-ups.

Venture Capital Investing: Since entrepreneurs have no own resources, the VC must

finance the entire start-up cost of each project in exchange for a profit share 1− si. She
also provides managerial advice to the entrepreneur and thereby further adds value to

the project. The VC’s activities are decomposed into a sequence of decisions which is
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illustrated by the following time line:

––|–––––—|––––––—|–––––––|––––––|–
pay fixed choose n sign contract supply effort and risk

entry cost cf and pay I si, bi advice, ei, ai, A resolved

Anticipating the long-run industry analysis in section 5, a VC first has to decide whether

to pay a fixed entry cost cf to establish the VC firm. She then chooses the number of

projects that she wants to finance and pays the fixed start-up cost for each one. Next, she

proposes the terms of the equity contract including an equity share and, possibly, a base

salary bi for the entrepreneur, anticipating how these provisions determine incentives for

her own and the entrepreneur’s effort.7 Given the terms of the contract, both parties next

choose their effort levels which determines the survival probability. The level of effort is

private information, is not verifiable and cannot be contracted. The fact that the contract

is fixed prior to effort choice creates a double sided moral hazard problem. Since effort is

costly, the entrepreneur may be tempted to shirk if her profit share is too low. Shirking

results in a complete loss for sure. Our formulation also assumes that the VC cannot

commit to an effort level ex ante, and will choose the extent of advice dependent on the

profit share. Finally, risk is resolved and payments are made.

We derive the financier’s decisions by means of backward solution. She maximizes

expected profits,

πF = max
si,bi

nP
i=1

[eip (ai) (1− si)R− bi − I]− γc (A)− cf , (3)

subject to participation and incentive compatibility constraints,

PCE : πEi = eip (ai) siR− l (ei) + b ≥ w, i = 1, ..., n (3.i)

ICE : p (ai) siR− β ≥ 0, i = 1, ..., n (3.ii)

ICF : {ai} = argmax
P

i [eip (ai) (1− si)R]− γc (A) . (3.iii)

7In practice some, though not all, of the contracts allow for a fixed compensation. In Keuschnigg and

Nielsen (2000) where entrepreneurs are assumed risk averse, the fixed payment is needed for insurance

reasons. Here, it arises if the entrepeneur’s outside opportunity is strictly positive. None of our key

results are affected if opportunity costs are normalized to zero and bi = 0.
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Condition (3.i) is the participation constraint of entrepreneurs arising from their occupa-

tional choice. In opting for an entrepreneurial career, she gives up her alternative wage

income w. The VC contract must be generous enough to make entrepreneurship a worth-

while option, πEi ≥ w. Conditions (3.ii) and (3.iii) reflect the ex post incentive constraints.
Given that the initial investments are sunk and the contracts are already specified, agents

choose effort to maximize the remaining income that is still at their discretion. The min-

imum profit share si that satisfies (3.ii) and makes entrepreneurs willing to provide high

effort, ei = 1, depends on the success probability and, thus, on the extent of managerial

advice by the VC. On the other hand, shirking by the entrepreneur destroys any return

to the VC’s advisory effort in (3.iii). Thus, the actions are interactive.

Effort and Advice: The necessary conditions for optimal advice are8

Ωi ≡ eip0 (ai) (1− si)R− γc0 (A) = 0, i = 1, . . . , n. (4)

The efforts of the VC and all n entrepreneurs are determined simultaneously. If e∗i = 1,

then the VC provides a positive level of advice, a∗i > 0. If the entrepreneur shirks, e
∗
i = 0,

the return to advice is negative, and the VC would not want to waste any effort, a∗i = 0.

Our assumptions on the success probability make efforts complementary.9

Optimal managerial advice as well as the entrepreneur’s effort depend on the agreed

profit shares. Anticipating how profit sharing shapes incentives for joint efforts, the VC

chooses si to maximize her profits. Suppose the entrepreneur’s share is sufficiently high

such that her incentive constraint (3.ii) is slack. Applying the envelope theorem in (3),
dπF

dsi
= −p (a∗i )R < 0. The VC thus raises her profits by cutting the entrepreneur’s profit

share. She will do so until she hits the ICE constraint which must therefore be binding

in optimum. Conditions (3.ii) and (4) jointly determine the optimal profit shares and

8The second order conditions can be characterized more precisely in terms of the Hessian matrix in

the usual way. We have Ωii ≡ eip00 (1− si)R− γc00 < 0. All cross derivatives are identical and negative
as well, Ωij ≡ −γc00 < 0.

9Complementarity of efforts is also considered by Repullo and Suarez (1999), while Casamatta (1999)

assumed perfect substitutability.
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managerial advice such that entrepreneurial effort is assured to be high. Since all projects

are identical ex ante, we may concentrate on the symmetric solution. Figure 1 which is

developed fully in appendix A, depicts the entrepreneur’s and the financier’s incentive

constraints, E (s) and F (s), respectively. In general, there may be several intersections.

In this case, the profit maximizing solution is the lowest s and, correspondingly, the

highest a as in point A of figure 1.

To identify the effects of project value and other parameters on profit shares and

managerial advice, we log-linearize the model in the neighborhood of the symmetric equi-

librium. The hat notation indicates logarithmic differentials such as â ≡ da/a. Using (2),
the linearized incentive constraints (3.ii) and (4) are

ICE : ŝ = −R̂ − α̂− (1− θ) â, ICF : (θ + ε) â = R̂+ α̂− s

1− sŝ− γ̂ − εn̂. (5)

The entrepreneur’s share may be cut if her incentives are strengthened by a higher project

value and a higher success probability on account of more advice, p̂ = α̂+ (1− θ) â. The
financier, in turn, advises more in response to rising project values. Higher effort cost

and a smaller equity share 1 − s of the VC discourage the consulting activity. Note, in
particular, that the VC cuts back on her advice if she expands her company portfolio.

Taking account of the simultaneity in (5), the equilibrium adjustment of advice is

â =
1

(1− s)Ψ
h
R̂ + α̂− (1− s) (γ̂ + εn̂)

i
, Ψ ≡ θ + ε− s (1− θ)

1− s > 0. (6)

According to (5), a higher project value directly raises the VC’s incentives for consulting.

In reducing risk, more advice allows to cut the incentive compatible profit share s. The

implied increase in the financier’s share reinforces her incentives for consulting which then

allows for a further reduction in s. When this cycle converges, the total effect is positive,

Ψ > 0, and exceeds the direct effect.10 If consulting effort becomes more costly, the

overall managerial activity A and the advice per firm a decline. The solution (6) points

to a fundamental trade-off that a VC faces in financing additional start-up firms:

10The condition Ψ > 0 is equivalent to E(s) being steeper than F (s) at point A of figure 1.
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Lemma 1 (Dilution of Advice) Increasing the number of portfolio companies dilutes

the quality of advice and thereby raises the individual project risk.

Optimal Contract: The optimal contract consisting of an equity share and a fixed

payment is determined recursively. To ensure the entrepreneur’s full effort, her share

must be sufficiently high. It is determined jointly with the level of advice by the two

incentive constraints. Substitute (6) back into the entrepreneur’s constraint in (5) yields

ŝ =
1

Ψ

h
(1− θ) (γ̂ + εn̂)− (1 + ε)

³
R̂+ α̂

´i
. (7)

The intuition is immediately revealed upon inspection of the entrepreneur’s incentive

constraint. A higher project value directly strengthens the entrepreneur’s incentives for

high effort, allowing the VC to squeeze the profit share s. When the effort cost γ increases,

the VC advises less. As the expected revenue of the project declines on account of a higher

downside risk, she must offer a higher profit share to enlist the entrepreneur’s full effort.

For the same reason, an expansion of the company portfolio forces the VC to raise the

entrepreneurs’ profit shares.

The VC chooses the minimum profit share that suffices to enlist the entrepreneur’s

full effort. With (3.ii) binding, the participation constraint (3.i) reduces to bi ≥ w. Since
the base salary directly reduces profits, the VC is left to compensate the entrepreneur for

her foregone outside opportunities, but no more than that.11 We summarize the results

of this section by

Proposition 1 (Advice and Profit Sharing) (a) Advice per firm rises with return R

and productivity α, but falls with the number of companies n and the VC’s effort cost γ.

(b) The entrepreneur’s profit share falls with return R and productivity α but rises with

portfolio size n and effort cost γ.

11This is similar to Strobel (2000). Instead of an optimal portfolio, he discusses how the market is split

between VCs and banks. In practice, bi > 0 appears to be somewhat untypical which could be taken as

an indication that the opportunity cost is considered insignificant.
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3 How Many Portfolio Companies?

The number of portfolio companies is optimal when the contribution of the marginal

firm to expected overall profits is zero. Adding another firm to the portfolio shifts down

the financier’s incentive constraint as is illustrated in Figure 1. Expanding the portfolio

thus dilutes advice per firm, see Lemma 1, because the overall effort cost is increasing

progressively with total managerial activity12 A = an. In adding another firm, the VC

thus raises project risk for all firms in her portfolio. Figure 1 shows that she must therefore

offer a higher profit share to all the entrepreneurs that she finances to enlist their full effort.

The erosion of her own equity share thus impairs profits from her inframarginal firms and

eventually offsets the extra profit added by the marginal project.

These arguments can be made precise. Substituting bi = w, differentiating (3) and

imposing symmetry yields πn ≡ dπ
dn
= [p (a) (1− s)R− w − I] − aγc0 (na) − np (a)R ∂s

∂n
.

Although a larger portfolio dilutes advice, the marginal effect on profits is zero by the

envelope theorem applied to (3.iii). The square bracket indicates the contribution of an

extra firm to VC profits. The second term reflects the additional effort cost from extending

managerial support to the marginal firm. The last term captures the profit destruction

effect. Having more firms leads the VC to advise each one less which erodes survival

chances. To preserve incentives in face of higher risk, the VC must cede a higher profit

share to all her partners. Use the elasticity noted in (7) together with (3ii) to rewrite the

last term, replace c0 by (4), use ap0 = (1− θ) p from (2), and finally replace pR by β/s

from (3.ii) to obtain

πn ≡ dπ

dn
= [θp (a) (1− s)R− w − I]− (1− θ) βε

Ψ (s)
= 0, πnn < 0. (8)

The optimal number of firms to be advised is implicitly determined by (8) since the

incentive compatible equity share and the intensity of advice depend on n. By (6) and

(7), n diminishes a but raises s. Since Ψ0 (s) = − 1−θ
(1−s)2 < 0, both terms in πn decline

12Parameter ε in (6) reflects the convexity of the effort cost function. If effort cost were linear, i.e.

ε = 0, advice per firm would no longer be diluted.
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with n, thereby fulfilling the sufficient condition. Figure 2 illustrates the solution for the

optimal number of firms, and the implied equity share s, by using pR = β/s from (3.ii)

and writing the square bracket in (8) as z1 (s) = θβ (1− s) /s− w − I and the last term
as z2 (s). The profit destruction effect becomes ever more severe as more firms are added

to the portfolio. With small n, on the other hand, the VC advises rather intensively and

can appropriate a large profit share without losing the entrepreneur’s effort. Marginal

benefits (net of effort cost) of expanding the portfolio are then relatively high. They

rapidly decline as more firms are included and the equity shares of all the entrepreneurs

in the portfolio have to be raised. Appendix A develops figure 2 in more detail, taking

account also of the border conditions implied by our functional forms, and proves

Proposition 2 (Optimal Portfolio) A unique optimal number of portfolio companies

exists, 0 < n∗ <∞.

If effort cost were linear (ε = 0), advice and profit share in (6) and (7) would be in-

dependent of n. The profit destruction effect would disappear, making marginal benefits

a constant πn = θp (a) (1− s)R − w − I ≷ 0 and leaving the portfolio problem inde-

terminate. If, on the other hand, the success probability were linear (θ = 0), a would

fall and s would increase in n as before. In this case, however, the benefit of an extra

firm (net of marginal effort) would be unambiguously negative, making πn < 0 in (8).

The optimal number of firms would be driven to one, if that were still profitable. For

portfolio size to be well determined, both curvatures are needed. With decreasing returns

to advice, it is better to advise more firms where a small amount of advice can make a

big difference, rather than concentrating on a single firm only where the marginal effect

of advice rapidly becomes less effective in raising the success probability. With a con-

vex cost function, however, the VC’s effort cost increases progressively as more firms are

added. Advice is easily stretched too thin. Risks inevitably increase, forcing the VC to

cede a higher profit share to the entrepreneurs which erodes her own profits. This profit

destruction effect eventually makes a further expansion of the portfolio unattractive.
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The comparative static analysis exploits the fact that (8) determines the equity share

autonomously, see (A.10). We then use (7) to read off the implied number of firms.

Appendix A proves13

Proposition 3 (Effects on Portfolio) The optimal number of start-up firms in the VC

portfolio increases with project value R and managerial productivity α but declines with

effort cost γ as well as start-up investment cost I,

n̂ = ζR

³
α̂+ R̂

´
− ζγγ̂ − ζI Î , (9)

where ζ are positive coefficients defined in (A.10).

Figure 3 illustrates the solution by the intersection of the contract line given by (7) and

the portfolio condition given by (8). The latter is horizontal since it autonomously solves

for the profit share s∗ when (3.ii) is taken account of. By (A.9), dπn/ds < 0, an equity

share larger than s∗ impairs the VC’s net marginal benefits from adding an extra firm

and makes her consolidate the portfolio, see the directional arrows in figure 3. By Lemma

1, she advises more intensively when she is concentrating on fewer firms and thereby

reduces the risk of project failure. Smaller risk allows to cut the entrepreneur’s incentive

compatible profit share. Moving along the contract line to the South West eventually

stops the incentive to consolidate the portfolio as the profit share approaches s∗. A larger

start-up cost I shifts down the horizontal portfolio condition as noted in the line following

(A.9) because it directly weakens the marginal benefits of portfolio expansion in (8). The

initial equity share is now too high. The VC reduces the number of portfolio companies

and offers a smaller profit share to her entrepreneurs in exchange for more advice and lower

risk. Moving along the contract line to the South West then leads to the new intersection

point. An increase in project value R or in managerial productivity α shifts down the

contract line but leaves the horizontal portfolio line unaffected. A higher project value

13The effects of w and I are qualitatively identical throughout all stages of the analysis. For this reason,

we can spare an analysis of the entrepreneur’s outside option.
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strengthens incentives for advice. Reducing risk allows the VC to offer a smaller profit

share s and still enlist the entrepreneur’s full effort. With a larger share of her own, she is

keen on funding more firms. In adding more firms, she moves North East along the new

contract line until the dilution of advice forces her to raise the equity share again to s∗.14

A higher effort cost γ shifts up the contract line and leads the VC to fund and advise a

smaller number of portfolio companies.

4 Venture Capital in Equilibrium

We now investigate how VCs react when market conditions for start-up investment change.

A demand shift for industry output may boost market prices, making business start-ups

more profitable. Higher start-up investment costs I may slow down the rate of business

formation. VCs may find it more costly to put up the required effort, i.e. γ increases. The

productivity α of VCs in providing advice may also increase, possibly because government

provides specialized infrastructure that aims to facilitate business creation, or because VCs

are more experienced. Finally, we consider entry barriers to VC investing in terms of a

fixed cost cf of setting up a fund. Before analyzing the consequences of various shocks, we

first address the role of rents in attracting new VC investors which gives rise to contrasting

short- and long-run equilibria.

4.1 How Rents Promote Entry

Successful VC investing requires much experience and rather specialized knowhow as

well as detailed industry knowledge, all of which are difficult to acquire in short order.

These requirements represent formidable entry barriers which make the short-run supply

of VCs inelastic. Only gradually will VC activity become more widespread through entry

of knowledgeable financiers. We therefore take both a short- and long-run perspective.

14In the end, advice per firm is reduced by â = −R̂/ (1− θ) as can be checked by substituting (9) into
(6). This keeps expected revenue pR constant and satisfies (3.ii) for a fixed s.
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Keeping the number N of VCs fixed in the short run, we investigate how they adjust their

portfolios to changing market conditions. The fixed supply of VCs may create important

rents that should attract other VCs to pay the entry cost cf . As ever more VCs set up

a fund, the expansion of the industry will eventually erode profit opportunities and make

further entry unprofitable. A zero profit condition then determines the number of VCs in

the long run. The questions of how many VCs a given industry is able to sustain, and how

entry affects the nature of VC investing, have eluded an analysis in the earlier literature.

Given sufficiently many VCs, we may abstract from strategic interactions and assume

that they behave as competitive price-takers. Large numbers also make the individual

success probability coincide with the fraction of start-ups that actually succeed in equi-

librium. In assuming that a successful project yields one unit of output, we interpret R as

the endogenous market-clearing price of output. We then show how the market price feeds

back on the quality of managerial advice, risk, profit sharing and portfolio size. When

the market is flooded with the extra output by ever more start-ups, profit opportunities

will surely be exhausted at some point. To capture this aspect, we introduce a demand

function, D = φR−η where φ > 0 is a demand shift parameter.15 Some of the compar-

ative static results will depend on whether the price elasticity is smaller or larger than

one. Demand for new products tends to be rather price elastic, however. We therefore

keep with the case of η > 1. In industry equilibrium, supply must equal demand,

φR−η = p (a)nN, η > 1. (10)

With N VCs in the industry and each one funding a portfolio of n firms, nN projects

get started but only a fraction p of them actually survives the start-up phase. With each

successful firm supplying one unit of output, aggregate supply is pnN .

To identify how the short-run equilibrium with a fixed number of VCs is affected by

15We keep the demand side deliberately simple and abstract from market uncertainty, network exter-

nalities and other aspects of demand for innovative goods. Our focus is on the nature of VC investing.

The demand function conveniently models how profits disappear as VC investing expands.
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certain supply and demand shocks, we log-linearize (10) at the initial equilibrium position,

φ̂− ηR̂ = (1− θ) â+ α̂+ n̂+ N̂. (11)

The comparative statics of the short-run equilibrium is determined by three simultaneous

equations (11), (9) and (6) in three unknowns, R̂, n̂, and â. Replacing n̂ and â in (11),

appendix B computes how various demand and supply side shocks create excess demand.

The market price must then adjust to equilibrate the market clearing condition (11).

On the supply side, an increase in the market price induces VCs to expand the number

of firms in their portfolio which boosts supply by n̂ = ζRR̂. Although a higher price

tends to encourage managerial support, the dilution of advice on account of a larger

number of portfolio firms dominates and makes projects more risky. With fewer firms

surviving the start-up phase, supply contracts. Substituting n̂ = ζRR̂ into (6) gives

p̂ = (1− θ) â = 1−θ
(1−s)Ψ

h
R̂− (1− s) εn̂

i
= −R̂. Finally, a higher price reduces demand by

−ηR̂. Add up and note that a higher price eliminates excess demand at a rate −λR̂ with
λ = η − 1 + ζR > 0. Whenever an exogenous shock creates excess demand, the output
price increases to restore market clearing and feeds back on VC activity to determine the

equilibrium level of advice, profit sharing, portfolio size, and short-run rents. Appendix B

derives the comparative static results that are summarized in Table 1 where the columns

correspond to equations (B.1,3,4,5,9,10).

Given the required experience in managing and funding start-up companies, new VC

funds cannot be established in short order to accommodate an accelerating rate of busi-

ness formation. With a fixed number of VCs, positive demand shocks should make VC

finance rather profitable and create rents in the short run. The last column of table

1 indicates how rents derive from various shocks. With sustained profit opportunities,

new VCs should appear and promote the expansion of the industry. According to (B.1),

entry spoils market prices which, in turn, cuts into profits as noted in (B.8) and makes

further entry increasingly unattractive. Entry stops when profit opportunities are fully

exhausted. In solving for the long-run equilibrium with free entry, we first derive in (C.1)

the market price which satisfies the zero profit condition (B.8). We then investigate how
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Table 1: Fixed Number of VCs

λR̂ λâ λn̂ ŝ λπ̂

φ̂− N̂ 1 − 1
1−θ ζR 0 (1− s)npR

α̂ −ζR −η−1
1−θ (η − 1) ζR 0 (η − 1) (1− s)npR

γ̂ ζγ − 1
1−θζγ − (η − 1) ζγ 0 − (η − 1) γc

ζI Î
θ−s+(1−s)θε
(1−s)Ψ

1+(1−s)εη
(1−s)Ψ −η − (1−θ)

(1−s)Ψ − I
ΩζI

−?
ĉf 0 0 0 0 −λcf

such price adjustment affects managerial advice, profit sharing, and portfolio size. Finally,

we substitute the price effect into the temporary equilibrium condition (B.1) and obtain

the number of VCs that are sustained in the free entry equilibrium. Table 2 summarizes

the formal comparative static analysis in appendix C.

Table 2: Free Entry of VCs

R̂ â n̂ ŝ N̂

φ̂ 0 0 0 0 1

α̂ −1 0 0 0 η − 1
γ̂ 1−θ

1+ε
−1
1+ε

0 0 −(η−1)(1−θ)
1+ε

Î (θ−s+δ)I
(θ+δ)(1−s)pR ? ? −I

Ω
−?

ĉf
cf

(1−s)npR
−cf

(1+ε)γc

cf ζR
(1−s)npR 0

−λcf
(1−s)npR

4.2 Demand Shock

The intuition for the competitive industry equilibrium is best developed in considering

a demand shift since it does not directly interfere with individual VC decisions. The

immediate effect is an increase in prices by R̂ = (φ̂ − N̂)/λ where N̂ = 0 in the short
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run, see (B.1) and the first line of table 1. The individual financier responds by adding

firms to her portfolio. With a larger number of firms to attend, she advises each single

entrepreneur less intensively and accepts a higher failure rate. The effect of more risk on

profit sharing exactly cancels with the effect of a higher market price.

More valuable projects boost profits in (B.8), π̂ = (1− s)npRR̂, and thereby attract
new financiers. With ever more VC backed projects flooding the market, entry depresses

the market price. In the long-run equilibrium characterized in table 2, the effect on the

market price must be zero to eliminate profits and stop further entry. The temporary

equilibrium condition (B.1) then shows that the demand shift is offset by entry of N̂ =

φ̂ new VCs to keep prices at their initial level. A demand shift affects VC investing

exclusively via the price channel but has otherwise no direct implications for managerial

advice, portfolio size and profit sharing in the long run.

Proposition 4 (Demand Shift) (a) With a fixed supply of VCs, a demand shift boosts

market prices and leads to more portfolio firms but dilutes advice per firm and raises risk.

With constant profit shares, a higher price boosts rents of incumbent VC firms.

(b) With free entry, the demand shift is fully accommodated by entry of VCs with all other

variables returning to the initial values.

Proposition 4 demonstrates an important adjustment pattern. As the rate of business

formation accelerates on account of a demand shock, short-run VC investing can expand

only if incumbent VCs finance more firms. With a fixed number of VCs, the quality of

VC finance must first deteriorate on account of Lemma 1. As advice gets diluted, the

rate of business failure is excessive in the short run. As more VCs enter the market and

set up a fund, each individual one is able to consolidate her portfolio and concentrate on

a smaller number of firms which she advises more carefully. Only in the long run is the

quality of VC investing restored again and the project risk is reduced.
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4.3 VC Experience

Experienced VCs are more successful in adding value to their firms and score a higher

success rate with the same level of effort. As more start-ups turn out successful, market

supply expands by α̂ in (11). More sophisticated VCs also like to include a larger number

of firms in their portfolio, n̂ = ζRα̂ in (9). Although more experience itself encourages

further advisory effort, the dilution of advice due to portfolio expansion dominates, leading

to a larger failure rate and thereby retarding start-up investment. Using (A.11) and (B.2),

(6) yields p̂ = (1− θ) â = 1−θ
(1−s)Ψ [α̂− (1− s) εn̂] = −α̂. Since the first and second terms

exactly cancel in (11), supply expands by n̂ = ζRα̂ and the market price must fall as

in table 1. Declining project values on account of market saturation feed back on VC

activity and dampen the expansion of portfolios in (9) to give a more moderate overall

effect as in table 1. The quality of advice declines and makes start-up investment riskier.

Other things equal, an exogenous increase in the success probability on account of higher

VC experience allows to cut the incentive compatible profit share as in (7). Interestingly,

the dilution of advice on account of larger VC portfolios and the erosion of project values

require to increase the profit share to an extent that exactly cancels the direct effect.16

In short-run equilibrium, the profit share remains constant.

More sophisticated financiers succeed to bring a larger fraction of start-ups to the

market. A higher success rate directly boosts VC profits but on the other hand depresses

the market price. The net effect on short-run profits is shown to be positive in (B.9). As

N̂ = (η − 1) α̂ new VCs emerge, prices must fall even further, i.e. by a total amount of
R̂ = −α̂ in the long run.17 Although more experience encourages, for given project values,
larger portfolios, more intensive advice and smaller equity stakes for entrepreneurs, such

incentives are completely offset in the long run by the erosion of market value. The net

effects in (9), (6) and (7) depend on R̂+ α̂ = 0 in the long run. We summarize:

16In fact, the profit share is solved autonomously by the portfolio condition, see (A.9), and the number

of firms in (9) is read from (7). Figure 3 illustrates.
17Table 1 reveals a short-run price effect equal to λR̂ = −ζRα̂− N̂ with N̂ = 0 instantaneously. Upon

entry of N̂ = (η − 1) α̂ new VCs, the long-run price effect is R̂ = −α̂ as in table 2.
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Proposition 5 (VC Experience) (a) With a fixed supply of VCs, superior knowhow

erodes market prices, expands portfolio size, dilutes advice per firm and thereby raises

risk. With constant profit shares, more experience creates rents in VC investing.

(b) With free entry, an increase of investor productivity attracts more VCs and reduces

the market price. All other variables return to their initial values.

4.4 Cost of Effort

VC investing may become a more difficult business due to government regulations and

red tape, unpredictable and rapidly changing market conditions, and other reasons. For

a given number of portfolio companies, VCs will then find it more costly to achieve a

desired success rate. Quite intuitively, higher effort cost leads financiers to consolidate

their portfolio, n̂ = −ζγ γ̂ in (9), and to cut back on advice per firm as well. On the other
hand, the quality of advice benefits from VCs concentrating on fewer firms. Substituting

n̂ = −ζγ γ̂ into (6) and using ζγ = 1/ε as given in (A.10), the net effect on managerial
support is seen to be exactly zero, (1− θ) â = −1−θ

Ψ
(γ̂ + εn̂) = 0. Consequently, VC

investing contracts on account of smaller company portfolios, leading to an increase in

market price and project values. The feed back from a higher price in itself encourages

portfolio expansion at the cost of advice and, thereby, dampens the consolidation. In

the end, each VC finances fewer firms and also provides less managerial support to each

one, see table 1. Again, the equilibrium profit share remains unaffected due to offsetting

influences. Since VCs tolerate higher project risk by cutting back advice, entrepreneurs

ask for a higher profit share. On the other hand, a higher equilibrium price makes them

accept a lower profit share according to (3.ii). The two effects cancel in (7).

Even though a higher market price strengthens profits, the direct effect of higher

effort costs dominates and results in smaller profit margins. The subsequent exit of VCs

leads to a supply contraction which magnifies the initial price increase.18 While higher

effort cost per se causes VCs to advise a smaller number of start-up firms as indicated by

18Substituting N̂ from Table 2 into (B.1) and using (A.10) and (B.2), we have λR̂ = ζγ γ̂−N̂ = 1−θ
1+ελγ̂.
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(9), more profitable projects on account of rising market prices lead them to restore the

initial portfolio size, leaving the number of portfolio companies unchanged in the long run.

With the dilution of advice effect being eliminated, the reduction in managerial support

is still negative but less pronounced than in the short run. Reflecting the adjustment of

managerial advice, start-up investment is excessively risky in the short run and moderately

more risky in the long run. The incentive compatible equity share of entrepreneurs is

affected neither instantaneously nor after entry is completed.

Proposition 6 (Cost of Effort) (a) With VCs in fixed supply, increasing effort cost

boosts the market price and results in smaller company portfolios and less advice per firm.

Profit sharing remains constant but VC profits decline.

(b) With free entry, higher effort cost leads some VC firms to exit which magnifies the

short-run price increase. The initial portfolio size is restored and advice is cut back more

moderately. Profit sharing remains constant as well.

4.5 Start-up Investment Cost

Start-up investment may become more capital intensive. When financiers must incur

higher start-up costs, they respond by cutting the number of portfolio companies. As

they concentrate on fewer firms, managerial advice per firm is higher and thereby helps to

contain the failure rate. With lower risk, the entrepreneurs’ profit share can be reduced.

The net effect on industry supply of smaller portfolios but larger survival rates is negative

and boosts the market price as in table 1. VC investing is likely to be less profitable in the

short run. Since entrepreneurs are assumed to have no own funds, the VC must finance

the entire start-up cost. On the other hand, higher market prices and a larger own profit

share props up profits. This effect, however, is unlikely to dominate.

Responding to diminishing rents, part of the VCs will leave the sector, see (B.10) and

(C.3). Exit further boosts the market price as in table 1 until the remaining investors

break even. Project values in the free entry equilibriummust thus exceed short-run values.
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Via this effect, exit of VC firms makes the remaining investors expand their portfolios at

the cost of less intensive advice which reverses the short-run adjustment to higher start-up

cost in table 1. For this reason, the net effects on managerial advice and portfolio size in

the long-run equilibrium become ambiguous in table 2 [see (C.4) and (C.6)].

Proposition 7 (Start-up Cost) (a) Larger investment costs make VCs consolidate their

company portfolios and reduce risk by advising more intensively each firm. The market

price rises. With more valuable and less risky projects, entrepreneurs extract smaller

profit shares. Despite of strong market prices, higher start-up costs are likely to diminish

short-run rents in VC investing.

(b) In the long run, exit of VC firms further boosts the market price. The short-run

adjustment in portfolio size and managerial advice are reversed and become ambiguous.

Entrepreneurs obtain smaller equity shares.

4.6 Entry Cost in Venture Capital

Finally, more rapid innovation, faster industry restructuring, government regulations and

other uncertainties can increase the cost of setting up a VC fund and can also inflate

general overhead expenses for market studies and read tape. Such cost is not specifically

related to any individual start-up company but must be covered by revenues from the

entire portfolio of firms. Since fixed costs are sunk at later stages of the VC cycle, they

cannot directly affect managerial advice, profit sharing and portfolio size in the short run.

In cutting profits, however, inflated fixed costs restrain entry of financiers. Fewer VC

backed investments drive up the market price until VCs break even again. From (B.1) we

infer that the industry sustains a smaller number of VCs, i.e. N̂ = −λR̂, see Table 2. By
(9), VCs expand their portfolio of firms when projects become more valuable, n̂ = ζRR̂.

Even though a higher price encourages advice, the larger portfolio dilutes advice to an

extent that managerial support per firm declines.19 Projects become more risky. Profit

19Substituting n̂ = ζRR̂ into (6), we get â =
R̂−(1−s)εn̂
(1−s)Ψ = − R̂

1−θ as in Table 2 (use B.2).
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sharing remains invariant since increased risk and higher project value exactly offset each

other in affecting incentives of entrepreneurs.

Proposition 8 (Entry Cost) (a) With a fixed supply of VCs, higher entry cost reduces

profits without any other effect on VC investing.

(b) In the long run, entry costs lead to exit of VC firms. The subsequent price increase

expands portfolio size but dilutes advice and raises risk. Profit shares remain constant.

5 Conclusions

This paper proposed a model of start-up investment and entrepreneurship that emphasizes

the scarce supply of managerial capacity in venture capital finance. The supply of venture

capitalists may expand on two margins, either by existing funds financing and advising

more firms or by entry. In view of the specialized knowhow and experience required in

venture capital investing, we contrasted a short-run equilibrium with a fixed number of

venture capitalists and a long-run equilibrium with free entry and elastic supply. The

upshot is that, in the short run, venture capital investing can expand only if the existing

funds finance more start-ups each. When the total cost of managerial effort increases pro-

gressively, however, a larger number of portfolio companies tends to dilute the managerial

support available to each individual firm, making start-ups more risky. When the number

of venture capitalists remains fixed in the short run, the incumbent financiers may enjoy

sizeable rents which will eventually attract new suppliers. In the competitive, long-run

equilibrium with free entry and zero profits, the increased number of venture capitalists

allows each one to consolidate her portfolio and focus advice on a smaller number of firms.

The quality of venture capital investing is restored again. For this reason, a demand shift

first results in inferior quality of venture capital support and a rather high rate of busi-

ness failure. Only when the industry expands by entry of new financiers, the start-up

firms will receive more intensive managerial advice, making them avoid overly high rates

of business failure. Apart from a demand shift, we have investigated a number of other
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shocks that might importantly change the way the industry operates. In all cases, the key

trade-off between portfolio size and intensity of advice per firm distinguishes the short-

and long-run nature of venture capital investing. Our analysis suggests that economic

policy should pay more attention on the supply of managerially experienced venture capi-

talists rather than merely subsidizing equity capital. Scarce supply of managerial support

for innovative start-ups may be more of a bottleneck limiting the expansion of innovative

industries than the supply of financial resources.

Appendix

A Proofs of Propositions 2 and 3

Constraints: We first show how the solution of a and s of (3.ii) and (4) depends on n.

Since we must impose p ≤ 1, the form of p (a) in (2) implies an upper limit ā for advice.

By the same argument, (3.ii) implies a minimum profit share s,

ā ≡ [(1− θ) /α]1/(1−θ) , s = β/R. (A.1)

We thus write p (a) = (a/ā)1−θ. Figure 1 plots the ICEcurve in (3.ii) in s, a-space:

ICE : a = E (s) = ā · (s/s)1/(1−θ) , E0 < 0 < E00. (A.2)

This curve hits the upper limit at s, i.e. ā = E (s). Since the profit share cannot exceed

one, it is bounded below by a = E (1) = ās1/(1−θ). The VC’s incentive constraint (4) is

ICF : a = F (s) =

·
(1− s)αR
γnε

¸ 1
θ+ε

, F 0 (s) < 0, F 00 (s) ≷ 0. (A.3)

This curve satisfies F (1) = 0. Since F 00 (s) = −F 0(s)(1−θ−ε)
(1−s)(θ+ε) , it is concave for 1− θ < ε and

convex otherwise. For an interior solution with ICE binding, we must impose

F (s) ≤ ā ⇔ (1− θ)θ+ε (nεγ)1−θ /α1+ε ≥ (R − β)1−θ . (A.4)
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For a solution to exist, the incentive constraints in Figure 1 must intersect. By equating

F (s) = E (s), we get H (s) ≡ (1− s)1−θ sθ+ε = [(1− θ) β]θ+ε (γnε)1−θ / (αR)1+ε ≡ X.

The H-schedule satisfies H (0) = H (1) = 0 and attains a maximum at s̄ = θ+ε
1+ε

< 1 which

follows from H 0 (s) = 0. Existence of a solution requires H (s̄) > X,

H (s̄) =
(1− θ)1−θ (θ + ε)θ+ε

(1 + ε)1+ε
>
[(1− θ) β]θ+ε (γnε)1−θ

(αR)1+ε
. (A.5)

Since H (s) = X has two solutions, the incentive constraints in Figure 1 intersect twice.

For the solutions to be admissible, (A.5) and (A.4) must be satisfied simultaneously.

Multiplying (A.5) by (αR)1+ε /βθ+ε and comparing with (A.4) gives

(1− θ)1−θ
µ
θ + ε

β

¶θ+εµ
αR

1 + ε

¶1+ε
> (1− θ)θ+ε (γnε)1−θ ≥ α1+ε (R− β)1−θ . (A.6)

Choosing R large and β small opens a wide wedge, allowing placement of the middle term

in this interval by ‘calibrating’ appropriate values for γ and n.

Of the two intersection points in Figure 1, A is the solution. All combinations to the

north east of the E-schedule are admissible. For any s, the F -curve gives optimal advice

according to (4). Points along F (s) and above E(s) all represent Pareto-improvements

relative to point B. Applying the envelope theorem to (3), the VC maximizes profit by

increasing her own profit share, i.e. by reducing s. She moves along the F -curve to the

north west until the entrepreneur’s incentive constraint binds at A. Equations (5) linearize

the constraints at the solution A. The condition Ψ > 0 in (6) reflects the fact that ICE

is steeper than ICF at A.20

Existence and Uniqueness: Write (8) as πn = z1 (s)− z2 (s) where n enters only via
its effect on s (n) which is the intersection of (A.2) and (A.3) with the lowest share s.

Using p (a) = s/s from ICE, the profit creation and destruction effects, z1 and z2, are

z1 (s) ≡ θβ 1− s
s

− w − I, z2 (s) ≡ (1− θ)βε
Ψ (s)

. (A.7)

20Note that E0 (s) = −a
(1−θ)s < 0 and F

0 (s) = −a
(θ+ε)(1−s) < 0, whence E

0 (s) < F 0 (s)⇔ Ψ (s) > 0.
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Evaluating these terms at the lowest admissible equity share (see Figure 1), we get

z1 (s) ≡ θ (R − β)− w − I, z2 (s) ≡ (1− θ) εβ
Ψ (s)

. (A.8)

Since Ψ0 < 0, Ψ gets larger for small s, making z2 (s) comparatively small. In raising

R relative to β [see also the discussion of (A.6)], we make z1 (s) arbitrarily large and

s small. The effect on s also squeezes z2 (s). With R appropriately set, we thus have

z1 (s) > z2 (s) > 0 in Figure 2. Expanding portfolio size n raises the share s on account

of the “dilution of advice” effect, see Figure 1. Since z01 (s) < 0 and z
0
2 (s) > 0, the profit

creation effect melts down while the profit destruction effect becomes ever larger. In

particular, since Ψ (s̄) = 0 for s̄ = θ+ε
1+ε

< 1, z2 (s)→∞ for s→ s̄.21 With both schedules

monotonic, a unique solution n∗ exists in the interval [s, s̄] corresponding to [n, n̄].

Effects on Portfolio Size: In writing (8) as πn = z1 (s)−z2 (s), n enters the optimality
condition only via its effect on s, see figure 1 and (7). The sufficient condition is, thus,

∂πn
∂s

= −1
s
Ω < 0, Ω ≡ β (θ + δ)

s
, δ ≡ ε ·

·
s (1− θ)
(1− s)Ψ

¸2
. (A.9)

Take the differential of the condition dπn = 0 and get Ωŝ = −IÎ. Since s is related to n
as in (7), we equate this with (7) and get (9) with the coefficients

ζR =
(1 + ε)

(1− θ) ε , ζγ =
1

ε
, ζI =

IΨ

(1− θ) εΩ . (A.10)

B Venture Capitalists in Fixed Supply

Market Price: The comparative statics with fixed N is determined by three simulta-

neous equations (11), (9) and (6) in three unknowns, R̂, n̂, and â, relating to market

clearing, portfolio size and managerial advice. We solve the system by using (9) and (6)

21Evaluating at s̄ = θ+ε
1+ε gives E

0 (s̄) = −E(s̄)(1+ε)
(1−θ)(θ+ε) and F

0 (s̄) = −F (s̄)(1+ε)
(1−θ)(θ+ε) . By (A.2) and (A.3), there

is one n̄ such that E (s̄) = F (s̄), implying a tangency solution E0 (s̄) = F 0 (s̄) and Ψ (s̄) = 0 in Figure 1.

The value of s̄ corresponds to the maximum of H (s) as noted prior to (A.5).
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to replace advice â and portfolio size n̂ in (11). Using (A.10) and (1− s)Ψ as given in

(B.2) in various places, we find how the market price R̂ eliminates excess demand:22

λR̂ = φ̂− N̂ − ζRα̂+ ζγγ̂ +
θ − s + (1− s) θε

(1− s)Ψ ζI Î . (B.1)

The slope of the excess demand function λ, plus some other parameters, are defined as:

λ ≡ η − 1 + ζR > 0, Ψ =
(1− s) (1 + ε)− (1− θ)

(1− s) , (1− s)npR = 1 + ε

1− θγc. (B.2)

The last equality uses (2) and (4), Ac0 = (1 + ε) c, ap0 = (1− θ) p and (1− s)Rp0 = γc0.

Portfolio Size: Having found the equilibrating market price, we may now substitute

back the solution to obtain the implications for portfolio size, managerial advice and profit

sharing. Multiplying (9) by λ, substituting (B.1) and using (B.2) yields

λn̂ = ζR

³
φ̂− N̂

´
+ (η − 1) ζRα̂− (η − 1) ζγγ̂ −

·
η +

1− θ
(1− s)Ψ

¸
ζI Î. (B.3)

Advice and Profit Shares: Using (B.1), (B.3) and (A.10) in (6) gives

λâ = − 1

1− θ
³
φ̂− N̂

´
− η − 1
1− θ α̂−

1

1− θζγγ̂ +
1 + (1− s) εη
(1− s)Ψ ζI Î . (B.4)

The profit share is fixed autonomously by the portfolio condition. From (A.9) we have

ŝ = 0 ·
³
φ̂− N̂

´
+ 0 · α̂+ 0 · γ̂ − I

Ω
Î < 0. (B.5)

Venture Capital Profits: By the envelope theorem, we may ignore in (3) how param-

eters influence profits via a or n since these variables are chosen endogenously:

dπ
dsi
= −piR, dπ

dR
=
P

i (1− si) pi, dπ
dI
= −n,

dπ
dγ
= −c (A) , dπ

dα
=
P

i (1− si)Rpi/α, dπ
dcf
= −1.

(B.6)

Parameters do affect profits via the share s, however. By (B.5), profit sharing depends on

start-up cost exclusively. Higher start-up costs directly cut into profits but also strengthen

22Using (A.7) and (B.2), the portfolio condition (8) is w+I = (θ − s) (ε+ θ)β/ (sΨ), implying θ−s > 0.
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them by raising the VC’s equity share. Using (B.5), (3.ii) and (A.9) including δ > 0, and

noting θ − s > 0 from footnote 22, the net effect is negative:

dπ

dI
= −n− npRs

I

ŝ

Î
= −θ − s + δ

θ + δ
· n. (B.7)

Defining π̂ ≡ dπ, we repeat this in elasticity form:

π̂ = (1− s)npR
³
R̂+ α̂

´
− γcγ̂ − θ − s+ δ

θ + δ
InÎ − cf ĉf . (B.8)

Replacing R̂ by the equilibrium price effect in (B.1) and using (A.10) and (B.2), we have

λπ̂ = (1− s)npR
³
φ̂− N̂

´
+ (η − 1) (1− s)npRα̂− (η − 1) γcγ̂ − λcf ĉf . (B.9)

For investment we have, upon using (3.ii) and (A.9), (A.10)

λπ̂ = [s− (η − 1) (θ − s)− λδ] nI
θ + δ

Î < 0. (B.10)

Higher start-up cost raises the price which feeds back positively on profits. We assume

that this feedback does not overturn the directly negative effect of higher cost, i.e. we

assume the square bracket to be negative.

C Free Entry of Venture Capitalists

Market Price: Table 1 shows that entry of VCs expands supply and erodes the market

price which, in turn, cuts into profits as noted in (B.8). Entry occurs and the price

continues to fall until profits are gone. If we start from a zero profit equilibrium, we

compute from (B.8) the long-run equilibrium price that sets π̂ = 0. Knowing this price,

we invert the temporary equilibrium condition in the first column of table 1 to solve for

the implied entry of VCs. Use (B.2) and set π̂ = 0 in (B.8) to get

R̂ = −α̂+ 1− θ
1 + ε

γ̂ +
θ − s+ δ
θ + δ

I

(1− s) pRÎ +
cf

(1− s)npRĉf . (C.1)
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Number of VCs: Entry of VCs squeezes the temporary equilibrium price as in (B.1).

With free entry, the long-run price must fall until profits vanish and prevent further

entry, see (C.1). Substituting (C.1) into (B.1) and solving for N̂ shows how many VCs

the industry supports in the long run. Applying the definition of λ as well as (A.10) gives

N̂ = φ̂+ (η − 1) α̂− (η − 1) (1− θ)
1 + ε

γ̂ − λcf
(1− s) pRnĉf . (C.2)

Using (3.ii), (A.9), (A.10) and (B.2), higher start-up investment cost is seen to reduce

entry,

N̂ = [s− (θ − s) (η − 1)− λδ] nI

(θ + δ) ζRεγc
Î < 0, (C.3)

where the effect is negative by the argument noted in (B.10).

Portfolio Size: Substitute (C.1) into (9) and note (B.2) as well as (A.9), (A.10) and

(3.ii). The effect of start-up investment cost is ambiguous:

n̂ = 0 · α̂+ 0 · γ̂ + cfζR
(1− s)npRĉf +

δζR − 1
(θ + δ) (1− s) pRIÎ. (C.4)

Advice and Profit Share: Substitute (9) into (6) and use 1− (1− s) εζR = −(1−s)Ψ
1−θ ,

(1− s)Ψâ = −(1− s)Ψ
1− θ

³
α̂+ R̂

´
+ (1− s) εζI Î , (C.5)

where the effect of γ̂ cancels. Insert the price change from (C.1), use (A.10) and (B.2),

and rearrange:

â = 0 · α̂− 1

1 + ε
γ̂ − cf

(1 + ε) γc
ĉf +

(1− θ − δ)nI
(θ + δ) (1 + ε) γc

Î. (C.6)

The effect of Î is again indeterminate. The effect on the profit share is given by (B.5)

and is zero except for start-up cost:

ŝ = 0 · α̂+ 0 · γ̂ + 0 · ĉf − I

Ω
Î . (C.7)
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