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1 Introduction

Venture capital is an important source of financing for young high-tech firms that spur
innovation and induce economic growth. While empirical literature on venture capital is
abundant, theoretical studies on venture capital contracting have only seen a recent increase in
interest. These theoretical models on venture capital financing have, so far, concentrated on
the bilateral relationship between a young firm and a venture capital company. Surprisingly,
the competitive environment in which the new firm operates has been neglected. To bridge
this gap, the present paper investigates the interaction between venture capital financing and
product market competition. More precisely, we study how the market structure of an industry
and the strategic behavior of competitors will affect the financial contracting between a young
firm and a venture capital company.

If a young firm successfully innovates and introduces its new product into a market, it will
typically face competition with existing firms. Incumbent firms of that industry will certainly
react to the market entry of the new firm: either by softly accommodating entry, or by
strategically engaging in competition and predation. Expected returns from the innovation
project are thus determined by the competitive environment in the product market.

The main results of our paper are as follows.

. The riskier the innovation project and the fiercer the competition in the product market,
the more likely is it that venture capital financing is only provided via short-term
contracts.

. Venture capital companies are reluctant to finance pure start-up projects and prefer to

engage in expansion stage financing.
. The young firm, on the other hand, seeks to obtain venture capital financing for both
investment periods and, therefore, prefers a long-term venture capital contract.

Our model is characterized by two essential features:
()  Market entry and product market competition

We consider a young firm that develops a two-period innovation project. The
innovation project consists of a startup stage and, potentially, a market expansion stage.
During the startup stage, the firm attempts to enter the market with a new product
variant. If entry is successful, the young firm faces price competition with a monopolist.
In the subsequent expansion stage, the young firm attempts to acquire additional market
shares by lowering the product price. In each period, the young firm has to invest in
R&D expenditures in order to develop its project. The outcome of these innovation
activities is uncertain and can be either success or failure.



(i1)  Financial contracting

The young firm is wealth-constrained. Therefore, it seeks equity financing from a
venture capital company in order to finance its R&D investments. In exchange for the
capital provided, the venture capitalist obtains a share of stochastic returns from the
innovation project. We analyze the provision of venture capital under short-term and
long-term financing. Under short-term contracting, the venture capital company
supplies funds for just one period, and a different contract is written for each investment
stage. Under long-term contracting, the venture capital company commits to finance the
R&D expenditures in both periods.

The financial relationship between the young firm and the venture capital company is affected
by conflicts of interest, i.e. moral hazard, and learning. Though the venture capital company is
perfectly informed about the profits in each period, it cannot observe the truthful investment
of funds. The young firm is, therefore, able to divert the funds to its private ends, and a
(dynamic) moral hazard problem arises. Moreover, the quality of the innovation project is
initially uncertain and more information arrives by developing the project. If the firm misuses
the venture funds and the project consequently fails, this will also affect the updating of
beliefs about the project’s quality. The young firm thus gets access to an information rent,
which imposes additional agency costs on the financial contracting.

The existing theoretical literature on venture capital financing can be classified into two main
groups: The first group of papers investigates the distribution of control rights in venture
capital contracting: The central question is who should manage the project — the entrepreneur
or the venture capital company? Papers from this area include the work of Amit, Glosten, and
Muller (1990), Chan, Siegel, and Thakor (1990), Berglof (1994), Marx (1998), and Hellmann
(1998). The second group of papers focuses on the distribution of ownership rights and stands
in the tradition of the principal-agent theory: The venture capital company as the principal
provides equity capital for the R&D investment, while the entrepreneur as the agent has to
truthfully allocate these funds. The principal typically cannot observe the investment decision
of the agent and, due this information asymmetry, a problem of moral hazard arises. Most
papers on venture capital contracting investigate this moral hazard problem in a static
environment (see e.g. Hansen, 1991; Cornelli and Yosha, 1997; Trester, 1998; Admati and
Pfleiderer, 1994; and for a double-sided moral hazard problem, Repullo and Suarez, 1998;
Casamatta, 1999). The first authors who investigated venture capital financing in a true
dynamical context were Bergemann and Hege (1998). Their model is characterized by a long-
term financial relationship in which venture capital is provided for a multi-period innovation
project. The allocation of funds is subject to dynamic moral hazard from part of the
entrepreneur. In contrast to our model, however, the analysis is carried through without taking
product market competition into account. The project’s returns are thus exogenously given,
and might be either too optimistic or too pessimistic.



Our paper is much more closely related to the second group of papers. It extends the
Bergemann and Hege (1998) framework by an entry and competition game. We explicitly
model product innovation and subsequent price competition between the new firm and an
existing firm. Moreover, since venture capital companies typically invests in projects only for
a limited amount of time, we deviate from the Bergemann and Hege (1998) multi-period
framework and restrict ourselves, instead, to a two-period model which still enables us to take
intertemporal aspects into account.

The remaining of the paper is organized as follows: In section 2, we present the two-period
innovation-, market entry- and competition game where the young firm self-finances its
innovation project. In section 3, we assume that the firm needs external equity financing for
its R&D expenditures. We analyze the provision of venture capital under short-term (3.1) and
long-term (3.2) contracting. In section 4, we investigate the strategic reactions of the
incumbent and how they influence the financial contracting between the young firm and the
venture capital company. In section 5, we draw some final conclusions.

2 Innovation, market entry, and competition

Consider a market in which an incumbent enjoys monopoly profits. The incumbent produces
a special product of high consumer value and is the only one who has knowledge about the
production technology. The young firm has an idea how to produce a similar product, with
which it attempts to reap a share of the monopoly profits. If the product innovation is
successful, the monopoly is replaced by duopolistic price competition with heterogeneous
products. In the subsequent period after market entry, the young firm attempts to innovate
again in order to reduce its marginal production costs, which enables it to lower the price and
to further expand the new product into the market.

2.1 The basic model

To study the entry and competition game, we use a well-known model of industrial
organization, the circular city (Salop 1979)." The model consists of two stages: First, firms
enter a market and choose their location on the circle. As a second step, the firms engage in
price competition with their horizontally differentiated products. Consumers are uniformly
distributed along the circular city and all travel occurs around the circle. However, we modify
the Salop-model by extending the single-period framework to a two-period time horizon.
Moreover, instead of analyzing simultaneous entry, we consider the subsequent entry of a
young firm after a monopolist has already established himself in the market. All agents are
risk-neutral.

! A concise introduction to competition models in heterogeneous oligopolies is given by Tirole (1988).



2.1.1 Market demand

In addition to the product price, consumers have to bear disutilities T if the product variant of
their choice is not supplied. Consumers wish to buy one unit of the good per period of time.
Given that the young firm successfully enters, the market demand is divided between the two
firms: The young firm will place itself exactly opposite the incumbent firm in order to attract
the customers whose preferences deviate most from the existing product.2 Depending on the
own price pj, the rival’s price py, and the consumers’ preferences T, firm i (i = incumbent)
faces a demand of:

y R +T/2

Di(pi,py,T)=pf, (1)

while firm y (y = young firm) serves the rest of the market, D (p;, p,,T) =1-D,(p;, p,.T)-

Thus, the firm-specific demand increases the lower the own price and the higher the rival’s
price.

2.1.2 Profit possibilities

If the incumbent serves the entire market, his market share equals Di=1. The monopoly

profits /7" are given by:
n(p".c.T)=(p" -¢)A=5-4T-¢ 2

where S represents the consumers’ reservation value and ¢; the marginal production costs.

If the young firm fails to enter and does not produce, it will realize gross profits of zero. In
this case, the incumbent continues to earn monopoly profits. If the young firm successfully
enters the market, the two firms will compete in the product market. Each firm operating in
the market produces with constant marginal costs C. Fixed production costs are assumed to be
zero throughout the paper. The profit function for firm i now equals (see Appendix 1):

-p+T/2

(P Py.eT) = (P =6)D, = (R =6)(Pr—t—), 3

and for firm y, analogously. Both firms choose their prices such as to maximize their per-
period profits. We distinguish between two different cost situations: If both the incumbent and

the young firm produce with the same marginal costs, i.e. ¢, = C,, they choose an (identical)

optimal price, p;* = p, *. In this case, market shares equal one half and the profits are

nm=n,(T)=T/4. (4)

Principle of maximal differentiation (cf. D’ Aspremont, Gabczewicz, Thisse (1979). The model shows that for
profit maximizing reasons, firms locate equidistantly. The firms differentiate their products in order to soften
price competition.
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We see that these profits depend on the size of the consumers’ preferences, T , but not on the
marginal costs, C. In the other case, the young firm and the incumbent produce with different

marginal costs. We express this cost difference by Ac=c, —c,. The firm with the cost-

advantage will demand a lower product price, and thus attracts a higher market share, i.e.

D > DP. Its profits (superscript A) are given as:

NA(Ac,T) = T/4+Ac/3+ (Ac/3)?/T. (5)

We see that the profit, in the case of cost-advantage, depends directly on the cost-difference
Ac between the two firms. At the same time, the firm with the cost-disadvantage realizes

profits (superscript D) of:
NP°(Ac,T) = T/4-Ac/3+ (Ac/3)?/T . (6)

Due to the effect of the second term in (6), the profits of this firm are negatively influenced by
the cost-difference. Independent of the cost-situation, however, the young firm enters the
market more easily if consumers’ preferences T are strong: The firm can thus attract a large
market share by offering a different product variant more suitable to many customers.

2.1.3 Innovation activities and learning

The quality of the innovation project is initially unknown to the young firm (and to any other
party of the game, such that there is symmetric non-information). Every agent believes that
the project is either “good” with prior probability a; or “bad” with prior probability 1-a7. If
the project is ““good”, then in every period t, there is a certain probability that the innovation is
successfully realized. The probability of success in period t, conditional on the project being
good, is denoted by &. The probability &, in turn, is an increasing function of the R&D
expenditures. Inversely, a success probability & requires an R&D investment of r(&). We
assume these research costs r(@) to be linearly increasing in the success probability &:

r(6,) = g6, with the cost parameter g>0. However, there exists an upper limit g8™ , above

which additional funds do not increase the success probability 8™ <1 of the project. We use
this linear R&D technology for pure simplicity reasons (see Bergemann and Hege (1998) for
a similar approach). The same R&D technology is valid if the firm switches from product to
process innovation and attempts to reduce marginal production costs in the second period.

This research cost function is equivalently given as r(6,) =96, for 8, 0[0;6™]. If the

project is “bad”, then it always fails and yields a zero return independent of the amount of
R&D expenditures invested.

The uncertainty of the project is (partially) resolved over time. During the startup process, the
young firm and any potential investor learn more about the prospects of the innovation
project. If no success has occurred in the first period, all participants in the project update

their beliefs about the project’s quality according to Bayes-rule: The posterior belief a> of
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developing a good project in the second period equals the probability of having a good, yet

unsuccessful project, divided by the total probability of failure in the past period

- a,(1-6)
a,(1-6)+1-a

<a,. (7)

2

The revised beliefs a, of developing a good project are smaller than the initial beliefs a, (for
6, # 0) (see also Appendix 2).

2.1.4 The time-line of the basic game

The basic game of innovation and competition in our model consists of two steps: In the first
stage, the young firm invests in R&D in order to realize a product innovation. Nature, then,
decides whether the outcome of the project is a success or a failure. If it is a success, then in
the second stage, both firms choose their optimal prices, sell their product variants and realize
their respective profits. If the project fails, the young firm has to stay out and the incumbent
continues to realize his monopoly profits. The time-line of this one-shot innovation-, entry-
and competition game is as follows:

Period Period _ _
t=0 t=1 Price Profit
| o[ Success? Competition Realization |
| | | | >
Firm i has Firm yinvestsin ~ No: y stays out i sets monopoly price [0 - g61; MM

monopoly R&D in order to

enter market Yes: Y enters 1, y compete 1n prices [['|y - gel; r||]

for market shares

Figure 1: The time-line of the basic entry model

We suppose that the incumbent has no way to deter the entrance of the young firm.® We solve
this game by backward induction: First, both firms choose their optimal prices. Then,
secondly, the young firm determines her level of R&D expenditures. As for the price
competition stage, we suppose that if entry is successful, the young firm and the incumbent
produce with the same marginal costs. This implies that both firms charge the same optimal
product price,4 the market splits into two equal shares, and the firms realize symmetric profits,

[M1i=ry. If entry fails, the incumbent charges the monopoly price, while the young firm does

We will discuss this assumption in section 4 below.

In Milgrom and Roberts’s (1982) limit pricing model, the entrant’s marginal costs can be either high or low,
such that the young firm supplies either at a higher or lower product price. Since in the Milgrom and
Roberts’s world, however, consumer’s preferences are identical (no transportation costs), the price
competition in the homogeneous duopoly results in that only one firm (entrant or incumbent) finally supplies
to the market. In contrast to this, our model assumes symmetric market shares after the young firm has
entered.



not offer its product and realizes a gross return of zero. Given these expectations about the
prices and profit levels, the young firm calculates its optimal R&D expenditures gé, and

indirectly, her optimal success probability, 8. The success probability of market entry is a6,
which depends on both the estimated quality of the project and the level of R&D investments.
The probability of failure is given by 1-a;6;. Therefore, the expected value of the innovation
project in the first period equals:

V(6)=a,60,6-9g6. (8)

The firm maximizes the project value over the success probability &:

V(6)/06,=a,N -9 . 9)

Since the project value is linear in 6, the firm will invest the maximal amount g&™ in R&D
activities as long as a;, > g or, equivalently, as long as a,[3T]>g. For a1, <g,

however, the firm will spend nothing at all on R&D activities, such that g&=0.

2.2 Innovation, entry and competition in the two-period framework

We now extend our model to two periods of innovation and competition. The idea is that,
even if the young firm failed to enter in the first period, it attempts to yield a breakthrough in
the subsequent period and to again challenge the monopolist. Thus, the firm has another
opportunity to spend on R&D activities and to enter. However, if the young firm has already
entered in the first period, it will not cease to innovate, but will - in contrast to the Bergemann
and Hege (1998) framework - continue to develop its product: In the second period, it spends
again on R&D activities in order to reduce the marginal production costs and to gain a
competitive advantage over the incumbent. In this manner, the young firm intends to lower its
product price, to further expand its product into the market and to increase the profit level. By
extending the time horizon to a second period of innovation and either entry or repeated
competition, our model thus combines product innovation with subsequent process
innovation. Empirically, this phenomenon is often observed in the life-cycle of technology-
intensive products (see e.g. Pfirrmann, Wupperfeld, and Lerner, 1997, on the development of
new technology based firms in the IT, software, and biomedical sectors). The extended form
of this two-period innovation-, entry- and competition game is as follows:



............................................ Good project a Bad project
First period ' Loy
0, 1-0,
1
My, M, [ 0,n" 0, " ]
Second period 1 as, 1-a,
92 1'92 92 1'92 1
nyA, nP° My, M My, M [ 0, " 0, " ]

Figure 2: The two-period game of innovation and competition

We see that at the end of period two, some projects (the left-hand side subgame of the second
period) established themselves well in the market and became true shooting stars, some
projects achieved market entry only in the second period and thus obtained a mediocre return,
whereas the remaining fraction of projects failed completely and earned zero gross profits. In
that case, the entrepreneur does not know whether the losses are due to the fact that a good
project didn’t succeed twice or whether it invested in a bad project. Thus, the uncertainty
about the project’s quality is not completely resolved at the end of the time horizon. The
distribution of profits in our model corresponds to the stylized fact that returns of high-risk
innovation projects vary widely, ranging from payoffs greater than ten times costs to projects
experiencing a total loss (Sahlman, 1990).

Given the profit levels from the price competition (see subsection 2.1.2), we start at the end of
the second period and derive the optimal R&D expenditures for each subgame. Starting with
the second period expansion stage, the firm maximizes the value of the innovation project in
this subgame as:

max V(6;)=6,N,+@1-6;,)N, -gb;. (10)

Since (10) is a linear function of &, , we see that for I'I)’,\ =M, =g, the firm will invest the
maximal amount of R&D expenditures, such that 6’; = @™, whereas for I'I;\ - y <3, the

firm will not invest at all, i.e. 8, =0.

In the other second-period subgame, the second attempt of market entry, the firm maximizes
the expected project value as:

max V(6,)=a,6,11,-96,. (11)




Again, since (11) is a linear function of the success probability &, the firm will invest the
maximal amount of R&D expenditures, g&, = g@™, as long as a,l1, =g holds, and

nothing (6, =0) otherwise.

Stepping back to the first period of innovation, we start by calculating the total expected value
of the venture. Here, we have to take into account that the expected value of the expansion
stage is conditioned on the probability of market entry in the first period, a,6,; and that the
expected value of the second-period market entry stage is conditioned on the probability of
failure in the first period, 1—a,8,. The total expected value of the innovation project is, thus,

(no discounting):
V(6.,6,,6,)= a,6 y ~96;
+ @661 +(1-6;)N, - g6; ] (12)
+ (1—6?'101)[0'202” y gHz],

It consists of the expected net return in the first period, plus the returns if the firm tries to
capture additional market shares in the second period of competition, plus the returns if entry
occurs after the second investment round. Rearranging terms, the total value can also be
expressed as:

2
V(6,.6,.6;)= a,> (6N, -g6,)(1-6)"

t=1

2

~(-a)2 96, (13)
t=1

+ 00,17 +(1-6;)1, -g6;].

Thus, total expected value of the project can be seen as the sum of net returns if entry occurs
in the first or in the second period, which is reduced by the sum of R&D investments wasted
on bad projects (= second term), and increased by additional returns if the firm further
develops its product in the expansion phase (= third term).

How does the expected value of the venture project depend on the R&D investment in the
first period? Taking the derivative of (12) with respect to & and substituting (7) for a», we
obtain:

ov(6,,6,,6;)

Y =all'ly—g+al[0;ﬂ§+(1—02+)l'ly—02ﬂ vl (14
1

>0

We see that the value of the venture project is again linear in & and, therefore, it is optimal to
either allocate the maximal amount of capital or not to allocate any capital at all. Thus, if the
marginal expected returns exceed the marginal research costs in equation (14), the firm will

invest the maximal amount in R&D expenditures, such that 8, = 8™ . Due to the additional

term on the right hand side, expression (14) is less restrictive than the condition from the



single-period case (8). Moreover, because @, <a,, expression (14) is also less restrictive

than the investment condition (11) from the second-period market entry stage. Therefore, the
two most binding restrictions for the maximal R&D investment in the multi-period framework

are the ones from equation (11), a,l1, > g, and from equation (10), I'IC -, >g. We thus

can state:
Proposition 1 (Investment Policy):

If the project is profitable (i.e. the investment conditions Q,l1, > g and I_I;,\ =M, >g are
fulfilled), it is optimal to invest the maximal amount of capital in each period into the R&D
project, such that 8, = 0™ fort=1,2.

3 Venture capital financing and product market competition

In this section, we now suppose that the young firm does not have sufficient funds to develop
its product. Moreover, the firm is subject to limited liability. In order to circumvent the
financial restrictions, it seeks equity capital from a venture capital company. High risk-high
growth firms that are characterized by significant intangible assets and tremendous
uncertainties are unlikely to receive debt financing, which makes venture capital the only
source of funding (Fenn and Liang, 1998; Gompers and Lerner, 1999). In exchange for the
provision of capital, the venture capital company obtains a share of uncertain, but potentially
high returns from the project. We assume that the venture capital industry is characterized by
perfect competition. This reflects the fact that there is abundant capital available seeking
profitable investment (Reid, 1996; Gompers, 1998). The young firm suggests financial
contracts to any of the venture capital companies. The bargaining power is on the side of the
firm. The selected venture capitalist then decides whether to accept or reject the financial
contract. A venture capital company agrees to finance the project if it receives a net expected
profit of zero.” Yet, even though venture capital companies usually spend a considerable
amount of time to screen their potential projects, we exclude the due diligence process of
project selection. We suppose instead that the venture capital company has gone through the
whole evaluation process. At the beginning of the financial relationship, both the venture
capital company and the young firm believe that the project is good with probability a1, such
that there is symmetric non-information. More information arrives by developing the project.
Berger and Udell (1998) point out that informational opaqueness is extremely acute in young
start-up firms. This implies that, even though the financial relationship between the venture
capital company and the young firm is very close, entrepreneurs still have private information
about the projects they develop: Venture capitalists receive regular financial reports and have

®  As in Diamond’s (1984) model of delegated monitoring, the depositors who provide the original funds for the

venture capital company require a net return of R at the minimum (see also Ramakrishnan and Thakor
(1984)). In our model, we assume that this return R equals zero.
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monthly meetings with their portfolio company, but they typically do not become involved in
the day-to-day management of the firm (Gompers, 1995). Thus, the entrepreneur may behave
opportunistically and expend insufficient effort or exhibit expense preference behavior. In our
model, we assume that a problem of moral hazard with hidden action exists. Upon receiving
the venture funds, the entrepreneur can either allocate the funds truthfully into research and
development of the product, or she can misuse the funds and divert them to her private ends.
The venture capital company is unable to observe the proper investment of funds, because
high monitoring costs prevent a detailed understanding of the technical position of the young
firm (Gompers and Lerner, 1996). We assume, however, that the venture capital company is
informed about (i) the level of gross profits realized at the end of each financing period

[0, 1,1 C], (i1) the number of firms operating in the industry (monopoly or duopoly), and

(ii1)) how many times the young firm has tried to innovate so far.

3.1 Short-term contracting

We begin by analyzing the procurement of venture capital under short-term financing at time
t=1,2, i.e., via one-period contracts. To make best use of the information available, the firm
offers a different financial contract for each scenario: In the first period, the contract states
that the firm obtains the share S of the expected profits, whereas the venture capital company
obtains the remaining share, (1-S). In the second period, the firm obtains the share $ of the

realized profits in the second attempt of market entry stage, and S}*° in the expansion stage,

while the venture capital company receives the remaining shares, (1-S) and (1-S)*°),

respectively. Thus, the optimal short-term contracts are simple share contracts between the
young firm and the venture capitalist.

3.1.1 First period contracting

We start with the financial contract for the first period market entry stage. The young firm’s
objective function is to maximize the expected value of its share of profits:
ST _—

max Vi =Sa,6,. (15
Here, the superscript ST stands for short-term financing. Recall that, in the case of external
financing, the young firm does not make any monetary investments into the innovation
project. However, the firm must have sufficient incentives to truthfully invest the funds.
Therefore, the share S; of expected profits has to exceed the amount of research expenditures
invested in this period. The incentive compatibility constraint (IC) for the young firm is,
therefore, given by:

®  One can imagine that after each financing period, the firm receives a time-label for identification.
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a,6,SM,-g6,20. (IC) (16)

Rearranging terms, we solve for the minimal share of profits that the entrepreneur requires for
truthful investment in the first period:

g

Sz (17)
We see that for 8;# 0, this minimal share is independent of the innovation success probability
which is due to the fact that the R&D cost function is linear.
The venture capital company, on the other hand, is willing to accept the financial engagement,
if its share (1-S;) of expected profits exceeds the amount of funds invested. The venture
capital company decides whether or not to participate in the financial contract based upon the
following restriction:

(1-S)a,6Mn, -g6,20. (PO) (18)

Since all bargaining power is on the side of the firm, the expected profits of the venture
capital company are reduced to zero. Therefore, the participation constraint (PC) in (18) is
binding. Rearranging terms, we see that the minimal share of expected profits that the venture
capitalist requires in t=1 for participating in the financial contract is:

-9

C-S)= o (19)
The young firm maximizes the value of its expected share of profits (15) under the incentive
constraint (16) and the participation constraint of the venture capital company (18). The
financial contract is conditioned on the level of profits (/7 in case of success and O in case of
failure) as well as on the respective shares of the contracting parties, S and (1-§).
Adding up the two constraints (16), (18), we see that the expected profits of the venture
project must equal at least

a,0n, -296,20 (20

in order for the firm to obtain financing in the first period. ’ Thus, the more expensive the
R&D costs gé, or the lower the beliefs a; about the project’s quality, the higher the profit
level of potential market entry must be to obtain financing. Profits are high if the consumers
have strong preferences for the product variants supplied. The success probability of the good
project has no influence on the minimum threshold of the profit level as long as the R&D cost
function is linear.

" The competing claims emanating from the investment problem of the venture capital company and the

agency problem of the entrepreneur lead to a conflict of interest if profits cannot cover the total remuneration
for the participation and incentive compatibility constraints. Thus, the financing of the venture project
resembles a team problem a la Holmstrom (1982), where both parties contribute and the budget is not
bal anced.
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3.1.2 Second period market entry stage

Proceeding to the second period market entry stage, i.e. the case in which the firm has failed
to innovate in the first period but attempts, again, to enter in the second period, the firm's
maximization problem has exactly the same structure as the one above. The firm maximizes

max V.5 =S,a,0,M1,
02,%

st. ([®) S a,6,l1,-g6, =20, (21)
(PC) (1—32)0'292|_|y _902 20.

Since the updated beliefs a» are smaller than the first-period beliefs a1, the incentive and
participation constraints from (21) become more restrictive than in the first-period problem.
Adding up the two second-period constraints (IC) and (PC) of (21), we derive that the profit
level for the project to obtain financing for second period market entry must be:

a,0,M,-296, > 0. (22)

This minimum threshold of profits in the second period must be higher than in the first period
since ap<ai. It is intuitively clear that if a project has failed once, it is harder to obtain
financing for this project in the subsequent period. Therefore, the share of profits accruing to
the venture capital company (1-S) also has to be larger than under first period contracting.

3.1.3 Second period expansion stage

Finally, if the firm needs external financing for the expansion stage,8 the firm’s maximization
problem and the respective incentive compatibility and participation constraints in this
subgame are given by:

max V5o, =S, (6,17 +(1-6;)N,]

0 5

st. ~ (I0) S;[6; Ny +(1-6;)N 1= g6; +S,N, (23)
(PC)  (1-S,*)6;NJ+(1-6;),]-gb; 20.

We recall that the venture capital company is able to distinguish between the two profit levels

realized, 1, and I'I’;. Therefore, the financial contract can be conditioned upon these profit

levels. The incentive constraint in this subgame states that the share S;*° of profits accruing
to the firm under truthful investment must be higher than the sum of diverted research

expenditures g@, plus the share of certain profits SP>*°I , that the entrepreneur obtains if, in

the second period expansion stage, no innovation is realized. Rearranging terms leads to:

8 The profits of the first period could be high enough such that the firm could self-finance the subsequent

innovation and market expansion activities. In this case, the firm would not offer a financial contract for the
expansion phase.
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Additionally, rearranging the participation constraint of the venture capital company leads to:

96; |
g;n%+(1-6,)n,

(1-SP*) > (25)

Adding up the incentive (24) and the participation (25) constraints of this problem, we derive
the net expected profits in the expansion stage:

Hz"l'l’;+(1—02+)l'ly—SZD”°I'ly—2992"2 0. (26)

The expected profits of the expansion stage, less the share of symmetric profits accruing to
the firm for incentive reasons, must be higher than twice the amount of R&D expenditures
such that financing is obtained and funds are invested truthfully. We summarize our analysis
of the short-term contracts in the following proposition.

Proposition 2 (Short-term contracting):

Under short-term contracting, the firm writes a different financial contract rtST, t=1,2, for

each stage. Conditional on the fact that a minimum threshold of profits is attained, the
financial contracts for the first period market entry stage, the second period market entry

stage, and the second period expansion stage, respectively, are given by:

i . in _ 20
rsfs (1-s)nn], hS>—9 :1s)=—9 .min =29 g4z
S[sa-syni] with §2 7 o (1-S) o 6.1

i . in _ 20
rs'fs (1-s)nzm], hsS >3 -11-5)=—9 =29 g 020
s, a-s,)nzm™] with S22 (L-S,) s e e

+ * uo g .
I_I;,\,I_Iy,ez], Wlﬂ/l SZD Zw,

y y

M 0w S0 (1- SP*°)

96,

1_SDu0 -
=57 6;M% +(L-6;)n,

;;Ng+(1-6;)N, -s°N, -296; =0.

We state again that in each financial contract, the venture capital company obtains no more
than the minimal share of profits that it requires for participation in the financial contract. The
firm, on the other hand, obtains at least the minimal share of profits necessary for incentive
reasons, as well as all additional profits in case of financial slack, i.e. if the project’s profits
surpass the minimum threshold level.
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3.1.4 Comparison of the short-term contracts

In addition to the analysis of the minimal shares and profit levels, we want to know in which
stage it is most difficult for the young firm to obtain short-term financing. Therefore, we
compare the total project financing restrictions of the first (20) and second period (22) market
entry stages with the restriction of the expansion stage (26):

a -296,= 0,

6,11 y~2 g=0 (20)
a,0,1, -296,20, (22

02+I'I’y*+(1—02+)l'ly—SZD“"I'Iy—dez+ >0. (26)

As we have stated above, due to a, <a,, project financing for a firm which has not yet

successfully entered the market, is harder to obtain in the second than in the first period. Thus,
condition (22) of the second period market entry stage is more restrictive than its counterpart
(20) from the first period.

Next, we compare these market entry stage restrictions with the expansion stage condition
(26). Financing is easier to obtain in the expansion stage, i.e. after the firm has entered, than
before market entry, if the expected profits are higher:

6;M5+(1-6;)N, SN, = agn,  forr=1.2, @7

where 8= 6"= 0™ After rearranging terms, we can, therefore, state:

Proposition 3 (Financial restrictions):

The ranking of the financial contracts shows that for H’;/Hy > 1+a, —(1-S>*)/6:

1) Short-term financing is easier to obtain in the expansion phase (after successful market
entry) than in the startup stage (before market entry).
i1) Short-term financing is most difficult to obtain for the second startup phase after the young

firm has already failed once to enter the market in the first period.

Proposition 3 stands in accordance with the empirical fact that many venture capital
companies prefer to finance the expansion stage of young firms, whereas only few venture
capitalists specialize in startup financing. In Germany, only 15 per cent of venture funds are
devoted to seed and startup financing, while expansion stage financing accounts for 55 per
cent of the investments (Bundesverband deutscher Kapitalbeteiligungsgesellschaften, 2000).
Similarly, the OECD reports for Europe that the lion’s share of venture capital investments
are dedicated to later stage investments in established businesses and management
buyouts/buyins (Organisation of Economic Co-operation and Development, 1996). The US
venture capital industry, however, has shifted from 15 per cent startup financing, 65 per cent
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later stage investment, and 20 per cent leveraged buyouts and acquisition deals during the
1980s (Sahlman, 1990) towards a higher investment into early stage businesses. Black and
Gilson (1998) state that US venture capital companies, nowadays, invest in almost as many
early stage as later-stage companies, which they suggest is due to the more complete
development of the US venture capital markets.

However, since short-term contracts do not allow for intertemporal transfers, they restrict
financing to projects with very high expected returns. In the next subsection we, therefore,
analyze whether long-term contracting will improve the financing possibilities for the young
firm.

3.2 Long-term contracting

Empirically, the financing horizon of venture capital projects is rather medium or long-term
than short-term: Venture capital companies typically provide funds for a period of three to
five years (Gompers, 1998). Therefore, we now investigate how long-term commitment of the
venture capital company changes the financial contracting. The venture capital company
hereby commits to supplying funds to the firm for two subsequent periods. Thus, the various
short-term  contracts are  replaced by a single long-term  contract,

F(S7,S" S 6..6,,6, ), which starts in the first period and covers the whole project

horizon. The financial contract is a time-varying share contract which prescribes the
participation and incentive compatible shares according to the relevant scenario in each
period.’

Furthermore, the long-term financial contract provides room for intertemporal transfers:
While under short-term financing, the young firm does not always obtain a new contract for
the second period, e.g. if the expected profits are drawn from the interval
[296, >a,0,11, =2 gb,], the project would be profitable under self-financing, but is denied

venture capital under short-term financing in the second period, while long-term contracting
permits the firm to transfer shares of expected profits between periods and scenarios. This
means that, instead of breaking even in each period, the venture capital company accepts to
engage in the project as long as the expected total repayments cover the sum of the research
and development costs in both periods. The sequence of participation constraints is thus
replaced by a single intertemporal participation constraint. If the venture capital company
agrees to the long-term financial contract, refinancing for the young firm is guaranteed with
certainty. This means that if market entry failed in the first period, the firm has yet another
chance to innovate and to enter in the next period. However, due to the intertemporal structure
of the financial arrangement, the young firm has more opportunities to divert the funds.
Firstly, the firm can divert the provided funds in both investment periods. Secondly, the firm

® This stands in contrast to the results of Admati and Pfleiderer (1994), who show that a time-invariant share

contract is optimal for venture projects under uncertainty.

16



can divert the funds today and can bet on a positive realization of the innovation project
tomorrow. In this case, the learning process about the project’s quality will become
asymmetric: The venture capital company, on the one hand, updates its beliefs because the
project return after the first period is zero. The entrepreneur, on the other hand, knows that the
project failed as a consequence of her hidden action and does not adjust her beliefs about the
project’s quality. Information becomes asymmetric, and the entrepreneur is, therefore, granted
an information rent (to be specified below).

The maximization problem of the entrepreneur under long-term contracting, if the funds are
invested truthfully and if the venture capital company agrees to finance the project, is given as
follows:

Max V" =STa,6N , a6, L o[OT C +(1-6;)n ]+ (1-a,0)[a,6,S' M J. (28)

'91 ) 52 Duo
SIS St

We state again that the firm does not make any monetary investment expenditures during the
entire project horizon. Equation (28) represents the total expected value of the project
accruing to the entrepreneur, if she is willing to allocate the funds truthfully over the whole
project horizon. Since under long-term contracting, the entrepreneur has different possibilities
to divert the funds during the whole financing horizon, we have to account for four different
incentive compatibility conditions, (29 a-d):

o [Qz(nc_ny)+ny]2902+ o r

Duo Duo

(o) (299)

Condition (29a) prevents the firm from misuse of funds in the second period if it has
truthfully invested in the first period and market entry has occurred.

a,S;,'6,N,296,. (1C) (290)

Condition (29b) prevents the firm from misuse of funds in the second period if the firm has
truthfully invested in the first period, but no entry has occurred.

VT 296,+S"a,0,M, . (1C) (29¢)

Condition (29c) states that the expected value under truthful investment should be higher than
first-period diversion of funds and subsequent truthful investment in the second period. Note
that the aposteriori beliefs on the right hand side of this equation are equal to 0 instead of O
because the entrepreneur does not updated her beliefs after deviation.

V' > g6, +gb,. (10) (29d)

Finally, condition (29d) shall prevent the entrepreneur from the misuse of funds in both
periods. Moreover, the intertemporal participation constraint for the venture capital company
is given as follows:

(1_ SlLT )alglrl y + 0161(1_ o )[gzn C + (1_ gz)l_I y]

Duo

- (PC) (30)
+(1-S, )aZHZI'Iy(l—aﬂl) > 296.

17



The shares of profits that the venture capital company obtains in both periods must be larger
than the sum of funds invested in the two subsequent financing periods.

We analyze the maximization problem in two steps: First we look for the minimal incentive
compatible shares for which the entrepreneur is willing to truthfully allocate the funds over
the whole project financing horizon. Then, in a second step, we check under which conditions
the participation constraint of the venture capital company (30) is fulfilled.

3.2.1 The incentive problem

We solve the incentive problem of the firm by backward induction. The two second period
conditions (29a) and (29b) must be binding, since we look for the minimal incentive
compatible shares:

L =glnA-n,), (29a)

Duo

S =gla,n,. (290)

Thus, the second period incentive compatibility conditions under long-term contracting are
identical to the ones under short-term contracting (cf. equations (21) and (24)).

Next, by inserting the binding expression (29b") into condition (29c), we get:
V' 296, +[g6,]{a,/ a,). (29¢)

Finally, by comparing the above expression with (29d), we see that expression (29¢') is more
restrictive, due to the term (a,/a,)=1. This captures the fact, that under long-term

financing, in addition to the sum of funds provided, g6i+g6&, the entrepreneur gets access to
an informational rent. We conclude that condition (29d) can be eliminated from the
optimization problem. Thus, to prevent the entrepreneur from moral hazard, the share of
profits under truthful investment (28) must be higher than or equal to the payoffs under
deviation (29¢'):

a
alglsu—ny-'-algl Ll;uoE(ntzz)+(1_0101)(026282LTHy) 2 ng+a—1(a'29232LT|_|y). (31)
2

The solution to this intertemporal incentive problem is summarized as follows:
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Proposition 4 (Share contract):

The minimum shares of profits that the entrepreneur requires for truthful investment under

long-term contracting are given by S ,S;", Sy ., with
SlLT - g + 902 _ Lguo E(rl ’[=2) + ﬂ_al 902 ’ (32)
all'l y M y M y a, alrl y
—— S —d . ~ J \ ~ )

| | 1 v
S =g/a,n,, and
oo = 9/(M7 =),

Duo

Proof. See Appendix 3.

The minimum share S" incorporates the intertemporal aspects of the financial contract and

ensures that the firm employs the capital in each period towards the discovery process and the
improvement of the product. Equation (32) may seem rather inaccessible at first, but can be
decomposed into different aspects of the agency problem between the venture capital
company and the young firm:

|) Static agency costs: We see that term | of (32) is identical to the static incentive
compatibility condition (16) from the short-term financing section above, i.e.,

g _ '
all'ly_sl' (16

This would be the minimal share for the entrepreneur if the innovation project were financed
during a single period only.

I1) Intertemporal agency costs: If the venture capital company agrees to long-term financing
but could observe the development of beliefs such that the entrepreneur would not get access
to the informational rent, the minimum share would have to be modified in two ways: On the
one hand, the minimum share has to be increased by the second term |, which reflects the
option for the entrepreneur to withhold financing for a single period, but switch to truthful
investment in the next period:

+9%
r,

[11) Competition effect: On the other hand, the minimum share has to be reduced by the share
of profits the entrepreneur could have gained in the expansion stage (term Ill). Thus, the
opportunity to increase potential profits in the second period of competition - if funds are
employed appropriately in the first period - helps to realign the incentives of the entrepreneur:

_ QLT E(rlt=2)l
Duo I—I

y

We denote the above term as the “competition effect”. Moreover, we see that the effects Il

and |1l work in opposite directions: The withholding option, gé&//17,, increases the minimal
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share of profits, S". By contrast, the competition effect, - S;5,,E(M,)/M,, reduces the

minimal share. This negative effect of the foregone opportunities to gain additional profits in
the expansion stage may even dominate the positive effect of the withholding option!
IV) Information rent: The informational agency costs to be added are expressed by term | V:

+ [ﬂ - alj 99
a, a,l,

This term represents the development of the informational advantage of the entrepreneur,
conditioned on her amount of control in the next period, g6. The informational agency costs
depend on the difference between the ratio of beliefs a/a> and the original beliefs, a;. We
therefore interpret the term in brackets as an “informational” mark-up factor.

As a next step, we investigate which of these dynamical effects under long-term contracting

has the strongest influence on S . As we have seen in equation (32), the intertemporal profit

share SlLT consists of the short-term first-period share Si1, as well as of three additional

effects.’® We have to distinguish between two scenarios: On the one side, the first-period
share under long-term contracting can be higher than (or equal to) its equivalent under short-

term contracting, S/’ = S, . In this case, the increase in agency costs and the information rent
together dominate the negative competition effect of (32). On the other side, however, the
negative competition effect might have a stronger impact on S'" than the additional agency

costs and the informational rent. In that case, the first-period share of the entrepreneur under
long-term contracting will actually be lower than the one under short-term contracting,

ST < S,. We thus derive the following corollary:

Corollary 1 (Intertemporal incentive problem):

i) In case S[' =S, the intertemporal agency costs and the information rent have a

dominating influence on S'", and the firm, therefore, obtains a higher first-period share
of profits under long-term contracting than under short-term contracting (“normal
case’).

ii) In case S <S,, the firm actually obtains a lower first-period share of profits under
long-term contracting. This surprising result is due to the strong impact of the
competition effect on S, which helps to realign the incentives of the entrepreneur

under long-term contracting ( “disciplinary case”).

19 The size of these three effects depends on the profit levels /7yA and /7, which, in turn, are influenced by the
demand parameter T, by the marginal production costs ¢, and by the difference of the marginal production
costs between the two firms, Ac (see section 2.1.2 above).
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The competition effect becomes stronger with higher potential profits from the second period
market expansion E(I,_,) and with a higher share S}}  accruing to the entrepreneur in that

stage. In the special case where the competition effect is zero, our results include Proposition
4 of Bergemann and Hege (1998), which states that under long-term contracting the first-
period share of the entrepreneur increases due to intertemporal agency costs and an
informational rent.™

3.2.2 The intertemporal participation problem

We have stated above that, under long-term contracting, the venture capital company faces a
single intertemporal participation constraint instead of the various static participation
constraints. Presumably, financing for the young firm becomes easier now, since the
intertemporal participation constraint allows to exchange profit shares between all three
scenarios. The intertemporal participation constraint of the maximization problem above is
given as:

(- SlLT )alelrl y 991] +a101[(1_ Lguo)E(rItzz) - 902+] + (1—0’191)[(1— SzLT )0’292|_| y "~ 992] 20.
(30

The first term of (30') is identical to the first-period participation constraint under short-term
financing, except for the expression (1-S), which has been substituted by the long-term share
(1-S;T). The second and third terms represent the respective participation constraints of the
second period expansion and market entry phase, which are identical to those under short-

term contracting, but weighted with their entrance probabilities ,6, and 1-a,6, .

3.2.3 Project value under long-term contracting

Next, we insert the entrepreneur’s minimal incentive compatible shares (29a’), (29b') and (32)
into the respective first and second-period shares of the intertemporal participation constraint
of the venture capital company (30) in order to solve for the minimum project value under
long-term contracting (see Appendix 4):

a +
[alglrl y Zggl] _(a_l _angglgz + algl[ E(l_l t:2) - 2902 ] + (1—0‘191)[0'292|_| y 2g6’2] 20

| 2 11 [\

(33)

11 _olT EM5,) _— . . LT _— g6 a g6 : : :
If -S,00 —n‘y 2 =0, then the first period share is equal to S~ =S + m, + (72 al)Tny, which implies

that S;*” >S,, and that the scenario of Corollary 1i) is in place. This result is analogous to Bergemann and

Hege (1998), who show that in an intertemporal set-up, the first-period share increases to a maximal value
(p-718 and Figure 2).
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Term | of (33) represents the net profits of the first period, which is identical to the minimum
profit condition under short-term financing. Term Il incorporates the informational rent
(slightly modified) granted to the entrepreneur in the intertemporal context. Term |l consists
of the net profits of the expansion stage. Finally, term |V reflects the expected net profits of
the second-period market entry stage, which is again equivalent to the second period
minimum profit condition under short-term financing. The project obtains long-term financing
as long as the above expression is greater than zero.

We compare the project value under long-term contracting with its counterpart under short-
term contracting. Given that short-term contracting is granted for all three scenarios, its total
value is composed of (20) and the weighted equations (22) and (26):

[alelrl y 2901] + alel[E(rI t:2) - SzDuon y 299;] + (1—0’191)[0’292|_| y 2992] . (34)
Subtracting equation (34) from the project value under long-term contracting (33) yields:

,6,S7*°N, -a,(1/a,-1)g6,6, 20. (35)

Substituting S;*° =g/(M ) -MN ) leads to:

I,
a,0,9 I_IA——HZ(ll a,-1)|=0. (36)
y y
The term in the brackets is positive because the profit ratio is close to one while the
information term 6(1/a,-1) is relatively close to zero. Thus, for 01,91,92(+) ,9,%0, long-term

contracting is more efficient than short-term contracting.

Now suppose for a moment that under short-term contracting the project is not profitable any
more in the second period market entry stage and that refinancing is denied. Recall, however,
that the project’s profitability conditions under external financing are stricter than under self-

financing due to the impact of the moral hazard problem; e.g. a,0,I1, =296, 20 instead of
a,0,11, =96, 20. Thus, if the expected second period market entry profits are drawn from
the interval [296, >a,0,1,2>9g6,], it is socially desirable that the entrepreneur obtains

financing for this stage too. A long-term contract can help to circumvent the financial
restriction, if the following relation holds:

n
01019 I_IA—y _62(1/02 _1) 2 —(1—0'101)[0'202” y 2962] ' (37)

y y

i.e. if the surplus from long-term contracting - derived in (36) - exceeds any potential losses
from the second period entry stage. Since we restrict our analysis to projects with a maximal
loss of [-g#,] , we can substitute [@,6,11, —296,] in the right hand side of (37) by [-g¥,]

and obtain, after rearranging terms and simplifying:
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M
|_|A_y|'| 2 6,la,-)+Q1-a,6)/a, for a,,6,,6,,9,# 0. (38)

y y

Thus, if condition (38) is fulfilled, a long-term contract enables the entrepreneur to realize a
second attempt of market entry which would not be granted under short-term financing. From
a social point of view, a long-term contract therefore increases market efficiency. We
summarize our results in the following proposition.

Proposition 5 (Long-term project financing):

i) Long-term contracting is more efficient than short-term contracting if the project’s
profitability conditions are met in each stage.
ii) Long-term contracting helps to circumvent financial restrictions of innovation projects that

are stopped too early under short-term contracting.

Proposition 5 indicates that a long-term financial contract actually improves the financing
situation of the young firm. The entrepreneur is better off since, not only top innovation
projects, but also projects of slightly lower expected value will now obtain financing in both
investment periods. Our results correspond to the findings of Bergemann and Hege (1998,
their Proposition 5), that long-term contracts reduce inefficiencies in financial contracting
which are caused by information problems between the venture capitalist and the young firm.
Our results also explain the wide-spread use of long-term contracts in equity financing
relationships: Venture projects are characterized by staged financing, in which prospective
projects obtain more than one financing round (Sahlmann, 1990; Gompers, 1995; Cornelli and
Yosha, 1997).

3.3 Comparison of the results between short-term and long-term financing

We repeat that under short-term contracting, it is most difficult to obtain project financing for
the second period market entry stage, followed by the request of financing for the first-period
market entry stage and, finally, followed by the financing demand for the second-period
expansion stage. Translating this into a ranking of required minimum profit levels, we state
that the absolute profits must be highest in the second period market entry stage.

Thus, it can happen that a firm obtains venture capital financing for the first period of
innovation, but is denied second-period financing after its project has failed. This is due to the
updating of beliefs and, therefore, to the lower expected value of the project in the second
period. Moreover, the innovation project might, likewise, be stopped too early if (i) the initial
beliefs about the project’s quality, a1, suddenly decrease; if (ii) the profit level //, declines
due to a reduction in consumers’ preferences, T; or if (iii) the required investment volume,
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08, increases. The problem can be circumvented with a long-term financial contract: The
venture capital company hereby guarantees refinancing for the second period in exchange for
potential profits from the expansion stage.

On the other hand, short-term financial contracting might be better for the young firm if its
profits /7, after the first period of innovation are rather high: In case the innovation project
shows significant upside potential, the young firm might be able to self-finance the second
period research expenditures, gé. This situation is given if profits are sufficiently high (i) to
induce incentive-compatible investment, (ii) to compensate the venture capital company for
the capital provided, and (iii) if sufficient financial slack remains to finance the research

expenditures of the second period: i.e., if 1, -2g/a; — g6, = 0. This situation is more likely

to occur if the initial beliefs a; are high, if the marginal research costs g are low, and if the
required investment volume gé is low as well. And, even in case the financial slack is
insufficient to completely self-finance the second R&D investment, the young firm,
nevertheless, might find a “cheaper” financing alternative than venture capital: Since in the
expansion stage the project will realize positive profits with certainty, the firm could apply for
mezzanine funds or a short-term financial institution loan (Berger and Udell, 1998). This,
however, is beyond the scope of our model.*?

Finally, let us say a few words about the industry into which the young firm attempts to enter:
Suppose that the industry is characterized by either strong consumers’ preferences or
distinctive product variants, which implies that this industry’s parameter T is very high.13 In
this case, financing becomes easier to obtain, and both short-term and long-term financing
should be available to the young firm. If, by contrast, the industry’s parameter T is low, the
price competition between the firms is more intense, and the expected profits from market
entry will be lower. Financing now becomes harder to obtain. The young firm might,
therefore, switch from short-term to long-term contracting.

As far as the size of the innovation is concerned, it is always favorable to the young firm to
achieve a better cost-effectiveness than its competitor: If the innovation is drastic (4cC is
large), the firm will quickly expand its market shares and increase its profit. Financing -
especially for the second-period expansion stage - becomes easier to obtain.

2 Gompers (1998) points out that venture capital is a very costly source of funding. Thus, as soon as any
tangible assets are available or a steady cash flow is realized, the young firm will switch to “cheaper” debt
financing. In our model, however, the venture capital company realizes zero profits due to the perfect
competition in the venture capital market. Its expected share of profits in the expansion stage just equals the
investment costs, g&". This implies that, within our framework, there exists no “cheaper” financing
alternative. Thus, we abstract from analyzing convertible securities, although recent literature has focused on
these hybrid financial instruments mainly for incentive reasons (see e.g. Cornelli and Yosha, 1997).

Sutton (1998, chapter 6) describes the market for flowmeters as an example of an industry in which high T-
values are present. The different flowmeter types are characterized by their physical principles employed in
measurement (electromagnetic, ultrasonic,...). A firm which discovers an alternative principle of
measurement can easily enter the market and, in case of low price and production costs, will attract a large
market share and realize high profits.

13
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4 Strategic reactions of the incumbent

So far, we have assumed that only the young firm, but not the incumbent, is able to innovate
and to reduce marginal production costs. However, the incumbent - instead of being passive -
will certainly react to the potential market entry of the young firm. In this situation, he can

pursue different strategies: He can either invest r(4,) =gy, with g O[0;x™], t=12 in

R&D activities, too, such that the innovation and competition game is extended to a
simultaneous move game where both firms invest in R&D activities, successfully innovate
with probability ™ = (/™| and then subsequently compete in prices for market shares. The
innovation activities of the incumbent reduce the expected profits of the young firm in the
market entry as well as the expansion stage. Here, the young firm’s profits decline as the
success probability of the incumbent /™ increases, and the higher the potential cost-
advantage of the incumbent, Ac. Thus, in all three subgames, it becomes more difficult for the
young firm to obtain venture capital financing.

Another possibility is that the incumbent strategically invests in predation activities which
will, in turn, reduce the innovation success probability of the young firm from 4 to 6 and,
therefore, increase his own chances of remaining a monopolist (see Snyder (1996) for a
similar approach). The incumbent chooses to prey if the predation costs are lower than his
additional monopoly profits: K™ < (8, -8 (/7™ -/7). This strategy has a clear negative
impact on the profit situation of the young firm; its chances to obtain venture capital financing
are likewise reduced. Thus, the predation strategy of the incumbent stands in tradition of the
long purse story (Telser 1966): the better access to financial resources has a strategic effect on
the competitive position of both firms, and allows the incumbent to deter entry or to drive his
competitor out of the market.

Defining welfare as the sum of consumers’ and producers’ surplus, we see that welfare
increases if the young firm enters the market. Moreover, if the incumbent also invests in R&D
activities and the young firm still enters the market, production costs and product prices are
expected to be lower and welfare, thus, increases. In contrast, if the incumbent invests in
predatory activities and successfully defends his monopoly position, welfare will decline.

5 Conclusion

We have presented a dynamic agency model of venture capital financing, where a young firm
attempts to enter a market with an innovative product. In our model, we have explicitly
formalized the market entry of the young firm and the subsequent price competition with an
incumbent. In contrast to the existing literature, we have thus endogenized the stochastic
returns from the venture project. By controlling for industry characteristics as well as for the
size of innovation, we have shown that expected profits from the project are higher the
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stronger the consumer’s preferences and the higher the potential cost-advantage of the new
product.

In the case where the innovation project is financed via short-term contracts, we derived the
following hierarchy of financial contracting: (i) Venture capital financing is easiest to obtain
for the market expansion stage, because then the project has already proven to be good. (ii) It
is more difficult to obtain venture capital for the first-period market entry stage, since the
project’s quality is yet unknown. (iii) It is most difficult to obtain venture capital financing for
a second attempt of market entry, after a negative signal (i.e., zero profits in the first period)
has been obtained. These theoretical findings stand in accordance with the empirical evidence
that the majority of venture capital is invested into expansion stage projects and not into seed
and start-up financing that are associated with higher risk. Under short-term contracting,
unsuccessful projects are presumably stopped after the first period. On the other hand, it is
quite likely that good, yet unsuccessful projects are denied follow-up financing for the second
period. This is due to the imperfect information about the project’s quality and the moral
hazard problem between the firm and the venture capital company. It implies that a fraction of
good innovation projects will be stopped prematurely which, in turn, increases the
incumbent’s chances of remaining a monopolist. Therefore, our model explains how financial
market restrictions reinforce concentration tendencies in certain industries.

The early stopping problem can be circumvented via a long-term financial contract, because it
allows for an intertemporal share trade-off. In this case, refinancing is guaranteed for all R&D
investments in the second period. The long-term relationship, however, imposes additional
agency costs on the financial contract. Surprisingly, though, competition in the product
market actually helps to realign the incentives of the entrepreneur: If this “competition effect”
is strong enough, the moral hazard problem under long-term contracting is reduced. This is a
new result in the financing literature. We, therefore, strongly suggest that future research on
venture capital contracting should take the competitive environment of the young, innovative
firm into account. Otherwise, incentive problems in dynamic financial contracting might
appear too strong.

As long as the innovation project is profitable in all scenarios, long-term contracts are more
efficient than short-term contracts. If, however, the incumbent strategically reacts to the
potential entry of the young firm, expected returns from the innovation project will decrease,
and/or the risk of project failure will increase. Under these circumstances, a long-term venture
capital contract may become unavailable. Then, short-term venture capital financing will be
the only source of funding for the young firm.
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Appendix 1: Price Competition, Market Shares and Profits

The profit function of firm i equals:

+T/2
M (pi, Py, G, T,F)=(p — C)(—) F
. (A1)

The first-order condition and the price reaction function are given by:

o, (p,py.6.T.F) _p,+T/2-2p,
op, T

?—O and p, =50{p, +T/2+c). (A29)

The price reaction function of the young firm y is analogously given by

p, =3Up +T/2+c)). (A2b)

The optimal prices are found at the intersection of the reaction functions:

*(c.c,, T)=3T+5(2¢ +c,), and (A34)

p,*(c,c,, T)=3T +4(2c, +¢)). (A3b)

i1y
Resubstitution into the firm-specific demand function gives us the respective market shares:

SR N LSS TRt I T SR
vy T T 2 3r (A4a)

D, (c,,c

D,(c,c,, T)=1-D;(c.c,,T). (A4b)
Finally, the gross profits in reduced form are derived as:

n(c.c,.T)=(p -¢)Di(c,c,, T)-F. (A5)

i1~y

If both firms produce with symmetric costs c, =C, optimal product prices are given by

p*(c,c,, T)=3T +c; (AB)
market shares equal one half,

Di(c.c,,T)=D,(c,c,,T)=1/2; (A7)
and profits are given by,

M. (c,c,, T)=GT+3(2c +c,)-c)B-F =M (c,c,,T)=2T-F. (A8)

Therefore, the profits in the symmetric case depend only on the size of the consumers’
preferences, T.

If the two firms produce with different marginal costs, we denote this cost difference by Ac.
Then, the profits of the firm who produces with lower marginal costs (= firm Y) are equal to:
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M ’;(ci ,C,,T)=(p, —¢,)D, —=F =[3T =3(-Ac)][5 +(Ac/3)/T]-F

(A9)
= T/4+Ac/3+ (Ac/3)?/T - F.

Thus, the profits for the firm with the cost-advantage are positively influenced by Ac.

The profits for the firm who has a cost-disadvantage (presumably firm i) are equal to:

rliD(Ci’Cle) =(p, —¢)D, —F =[3T -4 (A0)][5 - (Ac/J)/T]-F (A10)
= T/4-Ac/3+(Ac/3)?/T-F

This profit level is negatively influenced by the cost-difference between the two firms.
Appendix 2: Learning Process

The updating of the beliefs is accomplished according to the Bayes-rule:

01(1_91) — 01(1_91)

= : All
> a,1-6)+1-a, 1-ab, (ALD)
Rearranging terms shows that
a
1-a,6, = (1-6,). (A12)
a,
Solving for (a/a) and taking the inverse ratio gives us:
a, 1
=g +@1-a) . (A13)
a, 1-6)

(A13) again shows that the initial beliefs, a1, are larger than the updated beliefs, a.

Appendix 3: Minimum share for truthful investment

To prevent the entrepreneur from moral hazard under long-term contracting, the share of
profits under truthful investment must be at least equal to the payoffs under deviation.

Inserting the full expressions into (29¢"), we obtain equation (31):

: a
0'1613LT M y + algl Ll;uoE(n t=2) + (1—0'101)(0'23232” r y) = 961 "'a,_l(aégzszLT r y) . (31)

2

Rearranging terms leads to:

a
a,0,S N, =96, -a,6,S;,,E(N,) +(a,0,S,'N y){a—l—(l—aﬂl)}
2
_ (1_0'101)0'2
a,

Duo

=g6 -a.0, o E(ntzz)"'(azgzszuny)%{l } (A14)
2
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Substituting &, by (Al1) for the term in the brackets yields:

Duo

0,65, = 96, ~a,6,S4, E(N,,) +(@,6,5N,) 72 6,. (A15)
aZ
Moreover, we multiply the entrepreneur’s value under deviation from (29c¢)

a
VP(a,) =96, +a_1(0'26232”|‘| v)s (29¢)

2

by 61, and rearrange terms in order to obtain the following expression:

a
_H6.(a,6,8M,) =6V °(a,) - g6, (Al6)

2

Inserting this expression into the above equation (A15), we get:

26,8, =96, - 0,.SLE(M-,) +6V* (a,) - g6, (A7)
=(1- 61)961 -a,0, o E(M t:2) + glvd (al)'

Duo

Next, we take the modified profits under deviation, V° = g6, + g6, (a,/a,) from (29¢'). We
substitute for (a,/a,) by (A13) and obtain:

V()= g01+90{a1+ ((ig)) } (A18)

Inserting this expression for V(1) into equation (A17), we derive:

1-a
@051, = (1-6)96, ~ 6.5, (M) + e{gel roBa+ 98, | (A19)
1
After rearranging and collecting terms, we obtain:
LT _ _ LT (1_ al)
alglsl M y — ggl +alglggz 0161 DuoE(rI t:2) +61962 (1—9 ) . (AZO)
1

We divide the above equation by @,6,I1, to solve for the minimum share S of profits that

the entrepreneur requires for truthful investment in the first period of the long-term contract:

SlLT -9 +g_02_ o E(My) + A-a) B 96, . (A21)
an, N0, ™ 0, af, 1-6)
Finally, we substitute (A13) into the last term of the equation above and obtain:
sr=_9 9% g EMy) (o )96, (A22)
an, 0, > n, a, ')an,

Q.E.D.
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Appendix 4: Project value under long-term contracting

To calculate the expected minimum project value that is required under long-term contracting,
we insert the incentive compatible shares of the entrepreneur that we derived in Proposition 4
into the intertemporal participation constraint of the venture capital company:

[1-SM)a,6M y— 96 ] +a,6[(1- T GEM )96 1+(1-a,6)[(1-S; " )a,6,N ,~96,] 20.
(30)
As a first step, we insert the second period minimum share S;" =g/a,[ , from (29b") into

the last term of (30") and obtain after simplifying:

[(A-ST)a,6N y— 961 +a,6[(1- L GEM )96, 1+ (1-a,6)[a,6,N y-296,] 20. (A23)

Duo

Next, we substitute Si =g/(|'|§—|'ly) from (29a') in the second term of (A23) and

Duo

rearrange to get:

A
y y

. M
[a-s)a6n, - g6 +aﬂ{E<ntzz) ~2g6; - gﬁ} +(1-a,8)(a.0,N, -296;] 20

(A24)

Finally, we have to insert the first period minimum share from (32)

SlLT: g +g_92_ LT E(ntzz)_l_[ﬂ_alj 96,

Duo
an, N, rn, a, a.fl,

into the first term of (A24). Before doing this, we substitute S;l . =g/(MN ;\ —-M,) in (32) as

Duo

well and write E(M,_,) =6, (N ;\ —M,)+M, in full length in order to get (32')

1= 9 ,9%_ g BN fa_ g8,
af, N, M)-n) n a, )an,

y

y

Inserting this into (A24) we obtain:

. a
alglrly _901_901_9020101"' Ag [02 (I_I;\_ny)-'-ny]algl_ : -a, 90201
(my-n,) a,

A
y y

. Mn
+ alel|:E(r| t:2) - 2902 - gﬁ} + (1—6?’101)[67202” y "~ 2902] 2 0. (A25)
If 6, =65 =0™, simplifying yields straightforwardly equation (33):
a +
[alelrl y 2961] _(a_l - angelez + 0161[ E(|_| t:2) - 2962 ] + (1_ 67'191)[0'292” y 2962] >0

2

(33)
Q.E.D.
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