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Financial Contracting and the Specialization of Assets

Abstract

We analyze the nature of financial contracting when an entrepreneur can choose the
specificity of investments and financial contracts are incomplete. Investing in project-
specific assets increases productivity but decreases liquidation value. This creates a
strategic incentive to specialize assets to decrease the bargaining power of the lender,
which may make debt financing infeasible. By contrast, equity financing provided by
a financier who contributes to the project, such as a VC, may be feasible because his
contribution becomes more valuable as assets become more specialized. This helps
persuade the entrepreneur to take the firm public, making cash flows contractible and
allowing the financier to cash out. The entrepreneur faces a tension between going
public, which is costly but induces the financier to exert effort, and remaining private,
which limits the opportunities for contracting but allows the entrepreneur to divert
cash flows. We predict that firms with greater opportunity to specialize will be mostly
financed by equity, which results in optimal investment and exit decisions. Convertible
contracts may also be used to ensure the feasibility of financing, but they increase the
firm’s likelihood of inefficiently going public.
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1 Introduction

Financial contracting takes many forms, and is a crucial feature of any investment decision
which relies on external financiers as the primary source of funding. This is particularly true
for firms where cash flows are not easily verifiable, as is likely the case for private firms and
for startups. For such firms, where contracting is necessarily incomplete, the benefits of one
particular form of financing, namely debt, has received much attention (see, e.g., Hart and
Moore (1994, 1998)), where the focus has been on how to get firms to pay out cash to their
financiers. At the heart of this argument lies the creditor’s ability to force a firm to liquidate
assets if the debt claim is not paid in a timely manner. However, while theory predicts the
use of debt-based financing, it is not uncommon for such firms to be financed by equity, often
backed by financiers such as venture capitalists (see, e.g., Schmidt (2003)).

In this paper, we argue that an important determinant of a firm’s financial contracting
opportunities is the scope for specializing the firm’s assets. Our starting point is a simple
model of investment and financial structure in a setting where cash flows and asset specificity
are initially not verifiable and therefore cannot be contracted upon. Given the importance of
the firm’s liquidation value to contracting arrangements involving debt, we show that man-
agement may have a strategic incentive to take actions to reduce this value. Doing so lowers
the credibility of the lender’s liquidation threat, reducing the lender’s bargaining power in
any renegotiation. Asset specialization is one way of achieving this objective while maintain-
ing or even enhancing efficiency: specific assets may be highly productive if used within the
firm, but will have low value if used elsewhere (Williamson, 1988; Benmelech, Garmaise, and
Moskowitz, 2005).! However, investments in project-specific assets introduce an inefficiency
in financial contracting in that a creditor, anticipating that the firm’s liquidation value will

be low, may be unwilling to lend.

IFurthermore, the liquidation value of specialized assets could also be lower because the potential buyers
of these assets, such as firms operating in the same industry, are more likely to be in financial distress at
the same time as the borrowing firm (see Shleifer and Vishny (1992) and Acharya, Bharath, and Srinivasan
(2007) for theoretical and empirical discussions of this issue).



One way of resolving such inefficiencies is to involve an equity investor who contributes
to the success of the project by exerting effort and who stands to cash out if and when
the firm goes public, an act that increases the verifiability of the firm’s future cash flows
and thus makes them contractible. We formalize this in the model by introducing a second
financier that can, through some additional effort, improve the firm’s prospects and add
value. An example of such an “active” financier is a venture capitalist (VC), who can
provide strategic, marketing, or distribution assistance.? This active financier does not rely
on liquidation to extract value from his investment and is therefore not negatively affected
by the entrepreneur’s decision to specialize the assets. Indeed, specialization is likely to
increase the marginal contribution of the financier’s effort and further helps persuade the
entrepreneur to take the firm public. We show that this kind of active financing becomes
feasible when there is scope for making investments highly specific, which is exactly the
instance when debt financing by a passive financier is a relatively poor option.

While active financing has a clear beneficial side, it is not always feasible. The optimal
contract between the financier and the entrepreneur must balance the entrepreneur’s incen-
tive to divert the cash flows against the need to provide both parties with a stake sufficiently
high that they are willing to contribute and follow through with an IPO. When there is little
scope for specializing the assets, active financing adds little value to the firm. This reduces
the entrepreneur’s incentive to take the firm public and equity financing becomes infeasible.
On the other hand, with low specialization the firm’s assets have high liquidation value and
debt financing is more likely to be feasible.

A key premise in our analysis is that a fundamental change occurs in the firm as a result
of the process of going public in that, by being forced to file audited financial statements,
increase disclosure, and improve transparency, a firm in essence makes at least some of its

future cash flows contractible. This allows for equity claims that derive value from the

2Several papers provide evidence on the beneficial role of VC’s in helping firms to succeed (Gorman and
Sahlman, 1989; Megginson and Weiss, 1991; Hellmann and Puri, 2000, 2002; Baum and Silverman, 2004; Hsu,
2004), such as by helping to “professionalize” an entrepreneurial firm by bringing in professional management
teams and shortening the time to IPO.



long term prospects of the firm. Importantly, while going public raises the possibility of
contracting over future cash flows, such a prospect only arises if the entrepreneur finds it in
his best interest to follow through with the IPO rather than to divert the firm’s cash flows
and claim that none materialized. There is thus a tension between having an IPO, which
is costly both for the firm as well as privately for the entrepreneur, and keeping the firm
private, which limits the opportunities for contracting but provides the entrepreneur with
the ability to divert cash flows.

From the perspective of the financiers, this tension is reflected in the choice of financial
contract that can be feasibly offered. A passive lender such as a bank, recognizing that it
cannot help improve long term firm value, will always opt for a short term debt contract.
An active financier such as a VC, by contrast, can help raise the return of the project but
recognizes that the entrepreneur cannot commit ex ante to take the firm public. Any equity
contract must therefore provide the entrepreneur with sufficient incentives to follow through
with the IPO. The possibility of an IPO influences not just the source of financing that is
feasible, but also the type of contract that should optimally be used, with both of these
being affected by the scope for investing in specialized assets.

In our model, whenever equity financing is feasible it dominates any other contract,
including a loan, since loans can result in a deadweight loss from inefficient liquidation.
When equity is not feasible a convertible security sold to an active financier can be used to
extend the region where financing is feasible. However, while this allows for the financing
of projects with an intermediate level of asset-specificity, it increases the probability of
liquidation, making it inferior to straight equity. Thus our paper contributes to the literature
that explains the use of convertible contracts in venture capital (Dessi, 2005; Admati and
Pfleiderer, 1994; Casamatta, 2003; Hellmann, 1998, 2006; Dessein, 2005). We also explain
the commonly observed changes in the allocation of equity prior to the IPO, which arise in

our model as part of the renegotiation between the entrepreneur and the financier to provide



optimal incentives to invest for both parties.?

Our main empirical prediction is that projects with a large scope for specializing assets
will be financed by active investors such as VC’s, who contribute to the project and thus can
persuade the entrepreneur to take the firm public. Conversely, projects that have no scope
for specializing assets will be financed through debt, which should be supplied by lenders
such as banks. Our model also provides a number of new testable predictions. We show that
convertible contracts increase the entrepreneur’s incentives to take the firm public, which
results in suboptimal IPO decisions. We therefore expect firms that are largely financed by
convertible securities to go public more often (or sooner) than firms that are largely financed
by equity. Conversely, firms financed with equity held by an active financier have a higher
probability of going public than do firms financed by debt.

We also show that, as the relative contribution of the active financier increases, the
probability of exit through an IPO or acquisition increases and the entrepreneur chooses
a higher level of asset specificity.* Finally, we argue that long term debt may be feasible
when issued in conjunction with equity financing provided by an active financier since it can
free-ride on the active financier’s role in taking the firm public. Therefore we should see
more long term debt in VC-backed companies compared to companies that rely primarily
on the entrepreneur’s own funds.

Our paper contributes to the financial contracting literature by explaining the feasibility
of equity even without any control right considerations. In an incomplete contract framework,
equity is generally not optimal or even feasible. Several papers that explain the feasibility of
equity financing assume away the verification problem either fully or partially (Aghion and
Bolton, 1992; Dewatripont and Tirole, 1994). Equity financing can also be feasible if it has

unconditional control rights. For example, from the transaction cost perspective Williamson

30n the empirical front, a number of papers (Sahlman, 1990; Gompers, 1995; Kaplan and Stromberg,
2002, 2004) provide information about the role of VC’s and the financial contracts that are used which are
similar to the set of contracts we find to be optimal.

4Empirically, the reputation or network centrality of a VC (Hochberg, Ljungqvist, and Lu, 2005; Gompers
and Lerner, 1999) could be used as a proxy for a VC’s relative contribution.



(1988) argues that assets with limited redeployability are more likely to be financed with
equity if equityholders have control of the board and have the power to replace management.
Similarly, Fluck (1998) shows that outside equity can be optimal when it has unconditional
control rights and can credibly threaten to dismiss managers. Our innovation is to show
that when the financier can contribute to the success of the project, outside equity can
be feasible (and optimal) in a framework where contracts are incomplete at the time of
financing even if equity does not provide any control rights. We show that the entrepreneur
may endogenously choose to make the cash flows verifiable, which enables the active financier
to cash out without having any decision rights. This is also consistent with the argument
and empirical evidence that the allocation of cash flow and control rights can be separated
through the use of covenants (Hellmann, 1998; Kaplan and Stromberg, 2002; Schmidt, 2003).

Ueda (2004) and Winton and Yerramilli (2007) also study an entrepreneur’s choice be-
tween bank and VC financing. Ueda (2004) argues that VC’s have a superior ability to eval-
uate projects than banks but at the same time have the potential to steal the entrepreneur’s
idea. Winton and Yerramilli (2007) proposes that venture capitalists can monitor more in-
tensively the continuation strategies of investors but at the same time face a higher cost
of capital. We contribute to this literature by emphasizing the role of asset-specificity as a

determinant of firms’ choice of financing source.

2 The Model

An entrepreneur (EN) is endowed with a two-period project which requires an initial invest-
ment of I and returns a cash flow C; in each of the subsequent periods, ¢t = 1,2. These cash
flows are observable by the entrepreneur and the financier but are unverifiable by courts so
cannot be contracted upon. The entrepreneur has capital of W < I and needs to raise the
remaining amount [ — W from either a passive (e.g., bank) or an active (e.g., VC) financier.

The entrepreneur chooses the type of financing from the menu of contracts provided by the



financier. The timeline of actions is provided in Figure 1.

Figure 1: Timeline

e Financier and EN
agree on the
initial contract.

e EN decides on
asset specificity k
of the investment
and invests in the
project.

First period cash flow C, is
realized.

The agents renegotiate the initial
contract. EN makes a take it or
leave it offer. Financier decides to
accept or reject. If new contract is
not accepted initial contract
remains valid.

The EN decides whether to do an
IPO, and whether to honor its
contractual obligations.

The financier can exercise any
rights that are enforceable, such
as liquidation.

The EN and (and possibly also
the financier) decides on effort
level if project is not liquidated.

e Second period cash flow

C, is realized if the
project was continued.

If the firm is public,
agents share the value of
the firm based on the
final contract.

If the firm is not public,
cash flows are not
observable and contracts
that depend on cash
flows cannot be
enforced.

The entrepreneur has some flexibility in how to use the capital and may decide, once
he has obtained financing, to invest in general (redeployable) assets, or in assets that are
specifically tailored for the proposed project. Specialization, denoted by k > 1, is costly, with
the cost given by ¢(k), which is increasing and convex. Although the financier observes k,
third parties cannot enforce contracts that depend on k. As k gets higher the value of assets
under alternative use decreases, but the return from the project increases. Specifically, we
assume that the investment’s liquidation value at t = 1 is equal to L = %I, where v, € (0,1)

and ¢ € {passive, active}. Partial liquidation of assets is not possible. The liquidation value



of the assets decreases over time, and for simplicity we assume that it is equal to zero at time
2.5 We assume that the passive investor is better than the active investor at extracting value
under liquidation, i.e., Ypussive > Vactive- LNis captures the idea that financiers such as banks
generally have much larger portfolios which allow them to have departments specialized in
liquidating non-performing loans.

At t = 1, the cash flow C is realized, which is random and has probability density
function f(C') with support in [Cy,00), Cy > 0. After C; is realized, the entrepreneur
decides whether to honor his contractual obligations. If he chooses not to follow through
with his obligations, he can either divert the cash for his personal consumption, or he can
propose an alternative contract to the financier. At time 1 he must also decide how much
effort egy to exert in producing long term (¢t = 2) cash flows.

We assume that the entrepreneur retains ownership and control of the project unless
the financier is explicitly granted liquidation rights in case of non-payment. If the project
is continued, the t = 2 cash flow C5 depends on the realization of C, the level of asset-
specificity k, the total effort levels of the entrepreneur and the financier (if any), and any
payment P; made in the first period, since those are deducted from the cash available to
continue the project. The cash available for investment is denoted by C, = (Cy — P). A
payment can also be made at time 2, denoted by Ps.

Passive investors lack the personnel and experience to help the entrepreneur manage the
company, so they cannot help to increase the t = 2 cash flow. Therefore, if the entrepreneur
borrows from a passive investor, time 2 cash flows are given by Cy = 6’1keEN, where egy
is the effort level of the EN. On the other hand, active investors are specialized in helping
firms to succeed. For instance, VC firms may provide portfolio companies with strategic
advice, help them professionalize their management, and attract better resources, business
partners and human capital. As in Hellmann (2006), we formalize this by assuming that an

active investor (a VC) can exert effort ey at time 1 that increases the time 2 cash flows,

°In a similar setting, Hart and Moore (1998) show that only short term debt is feasible because the
financier can only exit with the threat of liquidating assets.



Cy = 51k:(e gN+oeye), where ¢ > 0 measures the relative contribution of the active investor.
The cost of effort is equal to c(e) = %eQ for both the entrepreneur and the active investor.

The value of the firm at time 2 is Y (5, where Y is an exogenously given multiplier of the
time 2 cash flows, such as the P/E ratio. We assume that Y > ,/é—{) + 2, which implies that
it is always socially optimal to continue the project even if the entrepreneur invests alone.
While the firm’s cash flow and value cannot initially be contracted upon, we assume that
it becomes verifiable in period 2 only if the entrepreneur decides in the first period to take
the firm public, an action to which he cannot commit ex ante. Undertaking an IPO requires
paying a fixed cost of T'. Once the IPO process starts, the entrepreneur can no longer divert
the cash since several market participants monitor the cash flows of the firm.® In our model,
there is no difference between exit through IPO or through acquisition. In both cases the
value of the firm becomes observable by third parties.

After signing the contract at time 0, agents can renegotiate the contract at time 1. For
simplicity, we give all bargaining power to the entrepreneur: the entrepreneur can make a
take it or leave it offer to the financier after the realization of the time 1 cash flows.” If the

financier rejects the EN’s proposal the initial contract remains valid.

3 Passive Financing

We begin by analyzing a debt-like contract where the entrepreneur promises to pay an
amount F; at time ¢ in exchange for receiving I — W from a passive financier such as a bank
(we will use the terms “lender” and “bank” interchangeably). Later, we will show that an
equity-like contract is not feasible when the financier cannot contribute to the project.

We solve by backward induction. At time 2, the firm has either gone public or not. If

6This captures the notion that filing for an initial public offering leads not only to greater scrutiny by
regulatory agencies (i.e., the SEC), but also forces the firm to more carefully track its accounts by certifying
its financial statements, hiring independent auditors, etc. All of these decrease the ability of the entrepreneur
to steal the cash from the firm by pretending no cash flow was realized.

"The results can be extended to the case where both the financier and the entrepreneur have some
bargaining power.



the firm did not go public, cash flows are not verifiable at time 2. If, on the other hand,
the firm is public at time 2, the bank can force the EN to make the promised payment, if
any, by going to court. However, if the only required payment to the bank is at time 2 (i.e.,
P, =0, P, > 0), the EN at time 1 will prefer not to take the firm public, and will instead
keep the firm private and appropriate all the cash flows. The intuition is that when the
entrepreneur decides not to go public, the bank has no power in ex-post bargaining because
the liquidation value of the assets is zero at time 2 and the firm’s cash flow and value is not
verifiable by a third party. Thus having only long term debt to be repaid at time 2 is not
feasible, since the bank would never be repaid in equilibrium. Anticipating this, the bank

would refuse to lend at time 0. We can now state the following.

Lemma 1. Any equilibrium debt contract at time 0 always requires the EN to pay at time

Although the terms of the debt contract can be renegotiated at time 1, the bank always
initially requires the EN to promise a payment at time 1. Consider therefore the case where
the EN has committed to pay P; > 0 at time 1. The entrepreneur may at time 1 make the
payment to the lender and keep running the project, or he may decide to divert the cash flow.
In the latter case, the lender will liquidate the assets of the firm in order to secure at least
some repayment, thus terminating the EN’s ability to continue the project. Alternatively,
the entrepreneur may propose to go public, but asks to defer the payment P; in exchange
for a time 2 payment of P,. The bank can either accept or reject the EN’s offer. If the bank
rejects the EN’s offer the original contract remains in place and either the original payment
P, must be made or the bank can liquidate the assets.

At time 1, the EN decides whether to: (1) undertake the IPO and defer payment to time
2; (2) pay P; but not go public; or (3) divert the cash flows C} but face the prospect of
liquidation. First, we need to solve the optimal effort levels to calculate the payoff of the EN

for each case. If the EN chooses not to divert the time 1 cash, he must decide on his effort



level by solving one of the following optimization problems:

1
no IPO : maxYk(Cy — P)egy — 562 (1)
1
PO : maxYkCiepy — 562 ~T - P, (2)

In case (1), the EN makes a payment P; to the bank at time 1 in order to avoid liquidation.
This payment reduces the amount of cash available for continuing the project and thus
reduces his ability to generate time 2 cash flows, Cy = k(Cy — Py)egy. Case (2) reflects the
fact that when the EN commits to do the IPO all time 1 cash flows are invested. Solving
(1) and (2) yields the EN’s optimal effort level as ek = YkC; and eX% = Yk(C; — P) for
the IPO and No IPO cases, respectively.

The EN compares payoffs from the three different strategies discussed above and chooses

the one that has the highest payoff. These payoffs are summarized as follows.

1
IPO and pay P : §Y2k26'12 —-T—-P (3)

1
Pay P, but no IPO : 5Y?k?(cl - P)? (4)
Don’t pay : Cy +max{L — P;,0} (5)

Recall that after (] is realized, agents renegotiate the terms of the contract that they signed
at time 0. Since the EN makes a take it or leave it offer, it will never be optimal for him to
offer to pay more than the minimum of either the promised repayment in the first period, P,
or the liquidation value L: P, < min{Py, L}. At the same time, the bank need never accept
an offer less than min{P;, L}. Hence, P, = min{ P, L}. The payoff of the bank is therefore
not affected by the decision of the entrepreneur at time 1 because the renegotiation process

makes the bank indifferent between all possible outcomes.

Lemma 2. The bank always receives the minimum of either the initially promised repayment

Py or the liguidation value L.
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Having resolved the time 1 renegotiation and continuation decision, we now turn to the
initial stage. At time 0, after receiving financing, the entrepreneur chooses the level of speci-
ficity k of the investment. As the value of k increases, the productivity of assets increases.
At the same time, however, the assets’ value for use outside of the project decreases.

The payoff to the entrepreneur from bank financing is equal to:

Ca
[k = —W+/C (C +max{L — P,0})f(C)dC (6)

Cy 1
+/ §k2y2(0 —min {L, P })*f(C)dC

+ /Oo <1k2y202 — T —min{L, PQ}) F(C)dC — g(k),
Chy 2

where

1
C, solves —k*Y*(C —min{L,P,})* =C +max{L — P;,0}

2
C,  solves %kQYQ(C ~min{L, P})? = %mﬂc? T —min{L, P}

Equation (6) illustrates that the entrepreneur can divert the time 1 cash flow (and face
liquidation), pay back the loan at time 1 but not go public, or go public and renegotiate the
repayment until time 2. The payoff to the entrepreneur in these cases is C;+max {L — P, 0},
$k*Y?(Cy —min{L, P})? and 3k*Y?C} — F — min {L, P}, respectively. C, represents the
level of cash flows for which the first and second expression are equal; Cj, is the level of cash
flows for which the second and third expressions are equal. We note that renegotiating the
loan to extend maturity (and committing to take the firm public) may or may not dominate
simply repaying the loan. Here, we write the payoff to the entrepreneur from bank financing
assuming that a region exists where paying off the loan at time 1 dominates extending the
maturity. In the appendix, we provide the condition for the existence of this region.

The entrepreneur determines the optimal level of specialization k* from the following first

11



order condition which is discussed in more detail in the appendix:

ollgn Ca Omax {L — P;,0}
= LW poyac (7

o -

+/ y? [k(C min{, P2 — L dmiAB P o
. > ok
o Omin{L, P,} Jg(k)

272  Z A4S _ 29NV
+/Cb (kY c U )f(C)dC 7o,

Equation (7) highlights an important issue related to debt-based financing in that firms
financed through loans consider the effect of specialization on their bargaining power with
the lender in addition to any increase in productivity. When the firm is not financially
constrained, so that I —W < L, the entrepreneur balances the marginal cost of specialization
with the marginal benefit resulting from the increased productivity of assets. However, when
the firm is financially constrained, i.e., when P; is equal to or very close to L, there is also a
strategic incentive to specialize the assets. This can be seen from noting that when the firm is

0}

L,P} - . L—P;
M 1S negatlve and arnax{a—kl’

. . omi . ..
financially constrained, =25 is positive or zero; these terms

d, Omin{L,P;}

increase the equilibrium level of specialization. When the firm is not constraine oy

is equal to zero and w is negative, which establishes that an unconstrained firm

specializes less than a constrained firm.

Lemma 3. With short-term debt financing, constrained firms specialize assets not only to
improve productivity but also to decrease the bargaining power of the financier. As a result,

financially constrained firms specialize their assets more than non-constrained firms do.

Proof: See the appendix. O

In equilibrium, the bank should correctly anticipate the entrepreneur’s choice of asset-
specificity. Therefore, the bank will agree to lend only if the expected payment is more
than or equal to the loan amount. The participation constraint of the bank can therefore be

stated as:

12



[—W <min{L, P,} = min {%Zf‘“l, Pl} (8)

Assuming that the banking industry is competitive, (8) will hold with equality.® If the
wealth of the entrepreneur is less than the difference between the liquidation value and
the amount of investment, a bank loan will not be feasible. Therefore, companies with
an opportunity to significantly specialize their assets once they have obtained financing may
never receive funding from banks in the first place, even if the projects are highly productive.

We summarize this in the following simple result, which characterizes the possibilities for

bank financing.

Proposition 1. Define kj, = V}j’{/’{,l. Bank debt financing is feasible if and only if k* < ky,.

Combined with Lemma 3, a corollary to this finding is that as a result of the strategic
desire to reduce the liquidation value of assets, firms with large needs for financing may
find it increasingly more difficult to obtain debt financing. Put differently, the feasibility
constraint in Proposition 1 is affected by the desire of the entrepreneur to reduce its lender’s
incentive to liquidate the firm’s assets.

A similar backward induction analysis reveals that bank equity is never feasible. Equity
does not provide the bank with the right to liquidate the assets. In addition, at time 1,
the entrepreneur has no incentive to take the firm public since the bank contributes nothing
to the success of the project. As a result, the bank cannot receive any payment from the

entrepreneur for its equity investment.

4 Active Financing

In this section we consider the role of a financier who plays an active part in helping to develop

the project and thus contributes to its success. A primary example of such a financier is a

8Note that P; is somewhat indeterminate as any P; > L will always be renegotiated down to a payment
no greater than L. Without loss of generality we can therefore restrict our analysis to cases where P; < L.

13



venture capitalist, and we will use the terms “VC” and “active financier” interchangeably.
Since the VC has no advantage in lending relative to a bank, a loan will always be cheaper
from a bank than from a VC.? Therefore, we limit our analysis to equity contracts in this
section.

We again use backwards induction. The entrepreneur agrees at time 0 to give an equity
stake [ to the financier, which corresponds to a fraction 3 of the time 2 value, Y (s, in return
for receiving the required funds I — W. At time 2, if the firm has gone public the cash flows
become verifiable. The VC can then liquidate its equity share at the market value. If the
firm is not public, cash flows are not verifiable, and the entrepreneur can appropriate the
entire value of the company by claiming that no cash flows were realized. Equity does not
provide liquidation rights or control rights to the VC, so that the VC’s payoff is equal to
zero if the EN does not take the firm public.

At time 1, after observing the realization of the cash flow C}, the EN and the VC can
renegotiate the terms of the initial contract. As with debt financing, the EN makes a take
it or leave it offer. If the offer is rejected, the original contract (i.e., the equity share f3)
remains in place. The outcome of the renegotiation process will clearly depend on agents’
outside options. We therefore first calculate agent’s payoffs under the initial sharing rule 3.

As in the previous section, the effort level of the entrepreneur when he decides on an
IPO is denoted by ek, and when he decides to keep the firm private is denoted by eX%. If
the entrepreneur takes the firm public, he shares the future cash flows with the VC, who

may also exert effort and thus help increase the value of the firm. The effort level of the

9Tt may be that VCs in some instances can obtain higher value for the firm’s assets than what a bank can
achieve. In general, we have in mind liquidation that arises as a result of default, a function that banks are
often well-equiped to perform since it represents their primary way of obtaining recovery in default states.
Nevertheless, including the possibility that VCs may sometimes be better at finding an alternative use for
the assets does not qualitatively change our results concerning the nature of the financing provided. If VC’s
are better liquidator than banks for certain firms, a bank loan will be dominated by a VC loan for these
firms.

14



entrepreneur when he decides to do the IPO is obtained from the following problem:
mgx(l — B)[kY Ci(e + deye) — T) — =e€*, (9)

which in equilibrium yields ek = (1 — 8)kY C.
Likewise, the effort level of the VC when the entrepreneur commits to do the IPO is

obtained by maximizing:

1
max flkY Cy(egn + ¢e) — T] — 562. (10)
The solution to this problem yields ey¢ = ¢BkY C}.
On the other hand, the effort level of the entrepreneur when he decides not to take the

firm public is obtained from:

1
max kY Cre — 562. (11)

The solution is eXt = kY C.

Note that the level of effort of the EN is larger when he rejects the TPO, e¥l > el .
This is because, by not taking the firm public, he avoids sharing the future proceeds of the
project with the VC and therefore he is willing to put in more effort, as summarized in the

following result.

Lemma 4. If the entrepreneur decides to take the firm public, the effort levels of the en-
trepreneur and the VC' are sub-optimal because of the double-sided moral hazard problem
(Holmstrom, 1982). However, if the entrepreneur decides not to go public, the entrepreneur

captures all of the value and exerts a higher level of effort.

While the lemma establishes that the EN will exert a higher level of effort by not going
public, it does not imply that going public is never optimal. The overall increase in project

value depends also on the effort of the VC, which is only undertaken if the EN commits to

15



take the firm public. These effort levels depend on how the cash flow of the firm is shared, and
both agents’ incentives to exert effort increase with their share of the cash flows. However,
the sharing rule that agents agree on at time 0 may not be optimal because the VC’s equity
share [ is set to satisfy his ex ante participation constraint, which may not coincide with
the optimal provision of incentives. Therefore, agents should renegotiate the sharing rule at
time 1, once (' is known, so as to increase the joint payoff. The following result establishes

that renegotiation will always lead to the sharing rule that maximizes total value.

Proposition 2. The optimal sharing rule 3* is determined by the relative contribution of

the VC with respect to the entrepreneur, ¢. This sharing rule is given by:

ﬁ* - R (12>

If necessary, agents agree on fized transfers Pyc and Pgy from the time 2 cash flows for
the VC' and the entrepreneur, respectively, to satisfy their incentive compatibility constraints
and implement the sharing rule 5*. The transfers are feasible if it is optimal to do the IPO

under the sharing rule 3%, i.e., Pyc + Pey < YCy —T.

Proof: See the appendix. O

The proposition establishes that whenever the initial contract does not lead to ex post
maximization of surplus, the entrepreneur can always propose a different contract that will
maximize joint profit (similar to Hellmann (2006)). If this optimal sharing rule makes one
of the agents worse off, his incentive compatibility (IC) constraint can always be satisfied by
making a fixed transfer to him from the cash flow at time 2, which becomes observable if
the firm goes public. It is worthwhile noting that such a process resembles the granting of
additional stock options to either the entrepreneur or to the VC. As a result of renegotiation,
one party’s stake is likely to increase. However, in order to obtain this increase, that party
may have to make a fixed payment at t = 2, which can be interpreted as the payment for

conversion of the options that increase this party’s stake. Therefore, from now on we assume
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that at time 1 agents will agree on the sharing rule that maximizes the joint payoff regardless
of the sharing rule agreed on at time 0.

The renegotiation between the VC and the EN depends on whether the EN is willing
to undertake the ITPO under the initial sharing rule 3. For the entrepreneur, the cost of
taking the firm public is not just the fixed cost T" of the IPO, but also the lost opportunity
to divert future cash flows since these become verifiable once the firm is public. This creates
a tension for the entrepreneur between committing to take the firm public so as to benefit
from the VC’s expertise, and diverting all cash flows and running the project himself. If the
IC constraint that ensures the EN will prefer to take the firm public is satisfied under the
initial sharing rule (3, the outside option of the VC is equal to the payoff from going public

under the initial sharing rule. The VC’s IC constraint can then be stated as:

1

B kY Ci(epn(B") + deve(8) = T — Pre — Ppn] + Pre — 5630(5*) > (13)
1

BlkY Ci(epn(B) + deve(B)) — T) — 563/0(5)‘

If the IC constraint of the entrepreneur is not satisfied under the initial sharing rule, the
outside option of the VC is equal to zero since the EN’s option to reject the IPO and run
the firm privately is credible. Recognizing this, it will be optimal for the VC to accept any

offer that provides him a net payoff of zero or more.

Lemma 5. The incentive compatibility constraint of the entrepreneur for doing the IPO
under the initial sharing rule 3 is satisfied if the realized cash flow at time 1, C1, is greater

than Chign, where

T(1-9)
Chigh = . (14)
! \/[%(1 — B2+ (1= P3)B¢* — §]k2Y?
The entrepreneur always takes the firm public if Cy is greater than Cj,,,, where
T
Ciow=,|—F7——. (15)
(S ey
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Proof: See the appendix. O

Lemma 5 establishes that the outcome of the time 1 renegotiation depends on the real-
ization of first period cash flows, C;. If these cash flows are sufficiently low (C; < Cjoy),
the entrepreneur prefers not to bear the cost of taking the company public, and the VC’s
payoff is equal to zero. If cash flows are at an intermediate level (Cipy < C1 < Chign), the
entrepreneur finds it optimal to commit to do the IPO, but only under the optimal sharing
rule §*. Under the initial sharing rule (3, the entrepreneur would prefer to keep the firm
private and run the project himself. In this case, renegotiation leads both agents to agree on
the optimal sharing rule, with the entrepreneur capturing all the surplus, and the VC again
getting zero because of the entrepreneur’s credible threat to keep the firm private. Finally, if
cash flows are high (Cy > Cj,gp,), the entrepreneur decides to take the firm public and agents
agree on the optimal sharing rule. The VC receives his outside option, which is determined
by the initial sharing rule and yields a value greater than zero. In summary, although agents
always agree on the optimal sharing rule, the initial sharing rule is still relevant because it
determines the VC’s outside option under renegotiation.’

At time zero, after raising financing, the EN decides on the optimal level of specialization.

The entrepreneur’s payoff from VC financing, 11§, can now be stated as

C'low 1
e — —w+ / SYRC(C)iC (16)
Co

+/ - [V(B%) = cen(B) — cve(B)]f(C)dC

CVl ow

+ T VB = BV(B) + evo(8) — con(8) — eve BIF(CIC — g(k),

Chigh

19Note that assuming that Cjoy, and Chigp exist implicitly imposes a constraint on ¢, the relative contri-
bution of the VC. Essentially, it must be that the VC’s contribution is sufficiently large for VC financing to
be feasible. Throughout, we assume that this is the case.
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where

V(B) = BY2CE((1-§) + 66%) - T,
con(9) = (1 BPRYCE,

cvo(B) = =B2K2Y2C2¢%.

1
2
The term V() denotes the value generated by the VC and the EN when the firm goes
public and the VC has an equity share of 5. The variables cy¢(3) and cgy (/) denote the
equilibrium costs of effort for the VC and the EN, respectively, under the sharing rule 5. We
can now take the derivative of the entrepreneur’s profit with respect to k£ to determine the

optimal level of specialization, which, after some simplification, yields:

81_[%% B Clow ) o
ok “LOkYCﬂ®%7 -
Chigh ¢4+¢2+1)
22 (¥ T T4
f@wkyc( ) o
= 2,72 ¢4+¢2+1 122 ag_
o, me (52 —2 (8- 9+ et | sicrac - 52 —o

The EN’s optimal level of specialization can be solved from the above equation. Note
that this time the EN specializes assets only to increase productivity and has no incentive to
decrease liquidation value. The entrepreneur has an incentive to specialize more when the

relative contribution of the VC, ¢, is higher in order to benefit more from the VC’s effort.

Lemma 6. The EN specializes assets more when the relative contribution of the VC's effort

to the project is higher.

Proof: See appendix. O

We now calculate the payoff of the VC from financing the project. The VC captures
surplus only when the entrepreneur’s IC constraint is satisfied at time 1 under the initial

sharing rule 5. The VC’s surplus is equal to his share of the cash flows according to the
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initial sharing rule minus the cost of his effort. Since we assume that the VC industry is

competitive, the expected payoff of the VC must be equal to zero:

(I—W)+ / ) (k2Y202 (5(1 _ )+ %ﬁ%?) - ﬁT) FO)C =0 (18)

Chigh
The initial share of the VC can now be determined from this equation. Aslongasa0 < < 1
exists that satisfies (18), the entrepreneur can raise funds from the VC. Note that specializing
the assets increases the payoff of the VC. Unlike the bank, the VC prefers projects with highly
specialized assets because as the specificity of the assets increases, the VC’s effort becomes
more valuable, and the entrepreneur is more likely to take the firm public. We summarize

this discussion in the following result.

Proposition 3. The wnitial share of the VC, (3, is decreasing in the expected level of spe-
cialization of the assets. There exists a minimum value k such that VC equity financing is
feasible only for k* > k, i.e., the participation constraint of the VC at time zero is satisfied

by 0 < B < 1.

5 Active versus Passive Financing

Both the passive and the active financiers evaluate the entrepreneur’s project and propose
financial contracts if financing the investment is feasible. Passive financing has a higher
chance of being feasible when the liquidation value of the assets is high, i.e., when the
entrepreneur’s opportunity to specialize the assets is low. On the other hand, active financing
has a higher chance of being feasible when the marginal productivity of assets is high, i.e.,
when the entrepreneur’s opportunity to specialize the assets is high. However, it may also
be possible for both types of financing to be feasible at the same time. We analyze the
entrepreneur’s choice between the two types of financing assuming that both are feasible.
The optimality of one form of financing versus the other is obtained from comparing (6),

which represents the entrepreneur’s payoff if financing through a bank loan, with (16), the
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entrepreneur’s payoff when financed with VC equity. When both VC and bank financing are
feasible at the same time, the EN prefers the financial contract that maximizes his payoft.
Since we assume that financial markets are competitive, the payoffs of the bank and the VC
are equal to zero. Therefore, the entrepreneur’s payoff is maximized when total output is
maximized.

Note that the levels of specialization in bank and VC financing are different. Therefore
comparing the total payoff in bank and VC financing is not straightforward. Let’s first assume
that the level of specialization in VC equity financing is equal to the level of specialization
in bank debt financing. If both forms of financing are feasible, VC equity financing always
dominates bank debt financing because bank financing may result in inefficient outcomes
- liquidation and under investment - due to the existence of the promised short term debt
payments. VC equity financing, by contrast, never results in an inefficient outcome: even
when cash flows are sufficiently low that the firm does not become public and there is no
scope for the VC to put in effort to help the firm, VC financing is still optimal as it avoids
the possibility of inefficient liquidation. Therefore for the same level of specialization, VC
financing is always preferred by the entrepreneur. When we allow the EN to choose the level
of specialization k£ under VC financing, the EN chooses a different level of specialization,
which increases the total payoff further. Therefore if both a bank loan and VC equity are

feasible, VC equity always dominates the bank loan.

Proposition 4. If both a bank loan and VC' equity are feasible, the entrepreneur always

chooses VC' equity over a bank loan.

Proof: See the appendix. O

We note that although pure VC equity financing is always preferred, it is not uniquely
optimal. There may be other linear and non-linear contracts that can achieve the same
outcome. For example, a financial contract with an initial sharing rule § = % plus a

fixed transfer in case the firm goes public can satisfy the participation constraint of the

21



VC at time zero and implement the same outcome. This contract does not eliminate the
need for renegotiation given that the fixed transfer would need to be adjusted based on the
realization of the first period cash flow. Moreover, its existence depends on the assumption
that the relative contribution of the VC is known with certainty at time zero. Our focus
is on explaining the feasibility and optimality of common contracts. However, we do not
attempt to examine or rule out all other possible contracts.

We can use the same method as above to compare a bank loan to a VC loan. The
entrepreneur will choose the loan that maximizes the total payoff from the project. When
the EN is constrained (L = P;) with the bank loan, a VC loan is not feasible. We want to
consider the case when both loans are feasible, i.e., when the EN is not financially constrained
when raising capital from the bank. In this case, given that banks have superior liquidation
ability, borrowing from them minimizes the dead-weight loss from liquidation. Therefore the
loan is cheaper when the entrepreneur borrows from a bank instead of borrowing from a VC.

The following simple result summarizes this observation.

Lemma 7. If both a bank and a VC' loan are feasible, the entrepreneur prefers the bank loan.

6 The Role of Convertible Securities

Up to now, we have considered only pure debt and equity contracts. However, in practice
financial contracts that can convert from debt into equity are often used. This is particularly
true with VC financing, where the financier is seen as playing a large role in contributing to
the success of the project. Here, we analyze the effect of allowing for such contracts.
Assume that the financier and the EN agree at time 0 on a convertible contract, which
we define as a contract that gives the financier a debt contract with a payment P; at time 1,
but which can be converted into equity at any time. If converted, the financier receives an

equity stake equal to a fraction (3 of the time 2 value, but gives up the fixed payment P;. As
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usual, we allow for renegotiation to occur at time 1 by letting the EN offer a new contract
after the realization of the cash flows at time 1. The financier can either accept or reject
the new contract. If the financier rejects the new contract, the initial convertible contract
remains valid.

We first analyze the effect of a convertible contract on financing by an active investor.
The outcome of renegotiation at time 1 depends on the outside option of the financier, which
is determined by the initial contract. If the EN commits to do the IPO, the investor can
either convert to equity or he can demand repayment of the loan by threatening to liquidate.
If the project is liquidated, no subsequent investment is possible. If the EN does not commit
to the IPO, the optimal action for the investor is to require payment P (since converting is
clearly not optimal). The EN may then divert the cash flows, which will force the investor to
liquidate, or he can make the payment. Therefore, the EN compares four different outcomes

with the following payoffs.

Divert cash flows : C) +maz {L — P,0} (19)
1
Pay loan but no IPO : §Y2k2(01 — P))?
1
IPO and investor converts : (1 — 3)[kY Ci(epy (B) + geve (8)) — T] — E(GJIEN (8))?

IPO and investor liquidates : C} +max {L — P;,0}
The outside option of the VC is determined by the action of the EN under the initial contract.

Divert cash flows : min{L, P} (20)
Pay loan but no IPO : P;
1
IPO and investor converts : B[kY Cy(eky (B) + deve (B)) — T) — 5(6‘/0 (B))?

IPO and investor liquidates : min{L, P}

When the EN offers a new contract to the VC after the realization of the time 1 cash
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flow, he cannot propose a payment less than the outside option of the VC. With the IC
constraint of the VC in mind, the EN tries to maximize the total surplus. The convertible
contract helps the VC receive payment in states of the world with low cash flow realizations
by threatening to liquidate the project. Therefore, a convertible security enlarges the region

of investment specificity where active financing is feasible.

Proposition 5. A convertible contract decreases the minimum value of k for which active
financing becomes feasible. Howewver, if active financing is feasible with both a convertible

contract and an equity contract, the EN always chooses the equity contract.

Proof: See the appendix. O

Although the convertible security increases the region where active financing is feasible,
it also introduces the possibility of liquidation and early (i.e., time 1) payment, which are
both socially inefficient. The optimal security under active financing is equity; however,
equity financing is only feasible for projects with sufficiently highly specialized assets. The
convertible contract is thus socially optimal only when equity financing is not feasible.

The convertible contract also provides different incentives to take the firm public com-
pared to the pure equity contract. With the convertible contract the EN has to pay P; if
he decides not to do an IPO but wants to continue investing. He also pays the minimum
of P; or the liquidation value when he diverts the cash flows. However, with pure equity,
when the EN rejects the IPO he does not have to pay anything to the VC. Therefore, for
a given level of asset specificity k, the convertible contract decreases the minimum level of
time 1 cash flow at which going public becomes optimal for the EN. This establishes that
firms financed by convertible security are more likely to follow through quickly with an IPO

than firms financed by simple equity.

Lemma 8. For a given level of asset specificity k, a convertible contract decreases the min-
imum cash flow at which committing to an IPO becomes optimal compared to pure equity

financing.
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Note that several combinations of (P;,3) can be feasible when agents agree on a con-
vertible contract. As P, increases, the inefficiencies introduced by the convertible contract
compared to a pure equity contract increase. Therefore, the EN prefers the contract that

minimizes the inefficiencies.

Lemma 9. The optimal convertible contract is the contract with the lowest P, that makes

the convertible contract feasible.

As a final point, we note that a convertible bank contract (i.e., for a passive financier)
may also increase the region where bank financing becomes feasible, but only if there is a
possibility that the EN prefers to do an IPO with the initial convertible contract and the
amount received by the bank after conversion is larger than P;. In this case, a convertible
bank contract increases the region where financing becomes feasible because it allows the
bank to capture some of the surplus in the states of the world with high time 1 cash flows.
However, it can be shown that the convertible bank contract is never converted to equity,
and will in fact always be negotiated to a time 2 debt contract (with no further conversion
rights) if the EN decides to do the IPO. This provides maximal incentives for the EN to
exert effort to improve future cash flows since he knows he will not have to share marginal

cash flows with the lender.

7 Imposing Restrictions on Asset Specificity

In our analysis, we focus on investments that are not contractible, including the entrepreneur’s
choice of how much to specialize the assets. In this section, we briefly study the case where
costly contracts can be written that restrict the investment choice of the entrepreneur. In
particular, the financier can impose restrictions that limit the asset specificity of investments
by imposing a cost to the entrepreneur when he specializes the assets.

Assume that the cost of specialization for the entrepreneur is given by ag(k), where

« measures the tightness of covenants that restricts asset specificity. The value of « is
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determined by the financier at a cost that is increasing and convex in «.

The analysis of bank and venture capital financing does not change once the entrepreneur
decides on the level of specialization. As long as bank or VC financing is feasible there is no
need to introduce costly restrictions on asset specificity because these restrictions decrease
social welfare. Moreover, with VC equity financing, imposing a restriction decreases the
probability of going public and the payoff of the VC in this case. Therefore, introducing
restrictions on asset specificity cannot increase the feasibility of VC equity financing, so the
VC would never impose such restrictions.

On the other hand, a bank may impose restrictions on how much the assets can be spe-
cialized. Restrictions on asset specificity increase the region where the assets are liquidated;
however, they also increase the liquidation value of assets. The bank’s payoff is limited to
the liquidation value of assets regardless of whether liquidation happens or not. Therefore,
the bank prefers to increase the value under liquidation even if this increases the probability
of liquidation.

The feasible region for bank financing increases as the bank restricts the firm’s ability to
specialize the assets. At the same time, the feasible region decreases as the cost of imposing
restrictions increases. Given that the costs of restrictions are increasing and convex, there
is an upper limit on how much the specialization of assets can be restricted. Since the bank
loan market is competitive and restrictions decrease the total payoff, the equilibrium contract

should impose the fewest restrictions possible to guarantee the feasibility of the loan.

Lemma 10. Imposing restrictions on the asset specificity is socially sub-optimal. A VC
never imposes restrictions on the asset specificity. A bank may impose restrictions on the

specialization of assets up to the level at which a bank loan just becomes feasible.

26



8 Cost of Financing and the Possibility of Long Term

Debt

We have assumed that there is no difference in the costs associated with either bank or
VC financing. In practice, differences in the cost of one kind of financing versus the other
may exist, and in particular may be higher for VC financing to reflect the greater level
of involvement with the firm. For instance, suppose that the opportunity cost of providing
financing for both the bank and the VC are increasing and convex in the amount of financing
provided by each, but that it is higher for the VC than for the bank (this is as in Winton and
Yerramilli (2007)). It is straightforward now to see that the optimal capital structure for the
firm should involve balancing the increasing costs of each kind of financing, but minimizing
as much as possible on VC equity due to its higher cost. The possibility of debt and equity
financing simultaneously may also affect the characteristics of debt financing, as follows.

We have shown that a bank will be willing to lend only on a short term basis because
the liquidation value of assets at time 2 is zero. Consider the case of long term debt where
a bank jointly finances the project with a VC. A long term loan does not provide the bank
with liquidation rights at time 1, but it does entitle the bank to receive repayment at time 2.
This payment can be enforced if the entrepreneur agrees to take the company public. While
the entrepreneur will never take the firm public if financed solely with long term debt, he
may be willing to do an IPO if he also raises funds from an active investor. Thus, a long
term bank loan can be viable by “piggy-backing” on the VC’s role in helping to take the
firm public.

To formalize how long term debt arises in our framework, assume now that the en-
trepreneur raises a fraction w of the amount of financing necessary from a VC and obtains
the rest, (1 —w) (I — W), as a long term loan from a bank. In return the VC receives a
share ( of residual cash flows from the firm, while the bank receives a promise of repayment

equal to P at time 2.
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At time 2, if the firm has gone public the EN pays the bank P, and the rest of the cash
flows are shared between the VC and the EN. If the firm is not public, the payoffs of both
the bank and the VC are zero. The bank relies on the VC’s ability to convince the EN to
take the firm public. At time 1, agents can renegotiate the initial financial agreements. As
usual, the EN makes a take it or leave it offer, this time to both the bank and the VC. If
the EN is willing to follow through with the IPO even under the initial financing terms,
then the bank and the VC can capture a positive payoff determined by their initial contract.
However, if the EN is not willing to take the firm public under the initial contracts, then the
EN captures the surplus by offering a payoff equal to the outside options of the financiers.
Since the long term loan does not give any liquidation rights to the bank at time 1, the
bank’s outside option in this case is equal to zero. In equilibrium, of course, the bank will
correctly conjecture that it will be paid only when the EN is willing to do the IPO under
the initial financial contracts. We can therefore write down the expected payoff of the bank

at time zero as
Bank’s Payoff: — (1—-w)([ —W) +/ P, f(C)dC, (21)

where

C,. solves %Y2k2012 = (1= (V(B) — P,) — cen(B),

and V() is as defined earlier and represents the value generated by the VC and the EN
when the firm goes public. As can be easily seen from the formula above, as the size of the
long term loan increases, the region where the bank captures a positive payoff decreases.
Long term debt is feasible if there exist values for w, 3, and P, which satisfy the par-
ticipation constraint of the bank and the VC simultaneously. It is obvious that for some
set of parameters long term debt will be feasible. Long term debt does not introduce any
inefficiency in the liquidation decision since the bank does not have the right to liquidate

assets at time 1. Therefore, long term debt can coexist with VC equity financing. This
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prediction is consistent with the findings of Hellmann, Lindsey, and Puri (2007) that making
venture capital investments in a specific company increases a bank’s chance of subsequently

making a loan to that company.

9 Conclusion

We study how the scope for specializing assets affects a firm’s financing choices. An en-
trepreneur’s inability to credibly commit on the specificity of investments creates a conflict
between the entrepreneur and a potential lender. In general, lenders would like investments
with non-specific assets and therefore high liquidation value. By contrast, entrepreneurs
prefer to invest in projects that, while profitable, also make use of highly specialized assets
as a way of reducing the lender’s ex-post bargaining power. This tension implies there are
some profitable projects that cannot be undertaken using loan financing when contracts are
incomplete and the entrepreneur cannot commit to invest only in assets with high liquidation
value.

On the other hand, a financier that benefits from the upside potential of a project may be
able to get around this problem by taking equity in the firm. This will be particularly true if
the financier can exert effort to increase the value of the firm’s investments, which is greatest
when the firm employs relatively specialized assets. Such financing provides an incentive for
the entrepreneur to take the firm public as a way of benefiting from the expertise of the
financier. The decision to ease the limits to contracting thus becomes endogenous and is
embodied in the entrepreneur’s decision to take the firm public. In this context, the design of
financial contracts, along with the source of financing, determine whether the entrepreneur
is likely to follow through in making cash flows contractible.

Our model explains the use of either short term (e.g., bank) debt financing for firms
with assets with a low degree of specialization, as well as equity-like (e.g., VC) financing for

firms with highly specialized assets. We also show, consistent with recent empirical findings,
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that convertible contracts are useful for making VC financing feasible in instances when such
financing would not be possible with equity only. Moreover, the use of a convertible contract
increases the likelihood of an TPO relative to an all-equity contract. Our model also implies
that long term debt can be feasible when used in conjunction with VC (equity) financing by
piggy-backing on the VC’s incentives to help take the firm public.

An issue not studied here is whether the possibility of additional cash infusions from
outsiders at the time of the IPO decision (¢ = 1) can improve investment decisions and
ease financing constraints. To the extent that going public is not contractible at the time
the firm first seeks financing (i.e., at ¢ = 0), it is unlikely that such considerations should
change the qualitative nature of our results, which rely primarily on the tension between
ensuring repayment to investors and improving efficiency through the use of claims that do
not involve liquidation of the firm’s assets. However, we leave the detailed analysis of this

issue for future research.
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10 Appendix

Proof of Lemma 3: The payoff to the EN under bank financing is given by (6). The

derivative of (6) with respect to k can be calculated as:

Ol gy Y 9max {L — P,0} oC,
= L— P, 22
- 0 L2 i epac 1 (€ tomas (1 - B0} £(C) (22)
Cy
+/ y?2 {k:(C ~ min{L, P})? — k?%] F(C)dC
1
+§k2Y2(Ob —min{L, P,}) f(Cb)% - —kZYQ(Ca — min{L, Pl})Qf(Ca)aai“
o in{L,P.
+/ pyece = ImAL PN e onae (Lece _ g ingr py ) fon 28
C ok 2 ok
Og(k)
ok
where, as defined above,
C, solves %szz(Ca —min{L, P,})* = C, + max {L — P;,0}
1
C, solves %kQYZ(C,, —min{L, P,})* = §k2YQC,? — T —min{L, B} .
Note that all terms related to the boundaries of the integral cancel out, leaving only (7):
Ol gy Y 9max {L — P,0}
p— 2
= L= peyae (23)
Cy
+/ y?2 {k:(C — min {L, P})? — k?% F(C)dC
> Omin{L, P} ~ 9g(k)
ky?c? - ——2— -2 d .

Setting this equal to zero determines k*, the optimal degree of specialization. From here,
we see that for L = P, % < 0, so that k* will be greater for financially constrained

firms.

9g(k)

Finally, it is clear that for both constrained and unconstrained firms, an increase in =5~
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for all k leads to a decrease in k£*. O

Proof of Proposition 2: We want to maximize the joint payoff, which is obtained from sub-

stituting the equilibrium levels of effort, el (3) and ey (3), into the total payoff function,

WYy (chy (9) + deve (8)) — 3 (ehy (8))" = } (eve ()", This yields
(Rreu? (L= 8) 460 - 3 (1= 9 = 3% (24)

Maximizing (24) with respect to 3 yields

5* - 2" (25)

The second order condition is — (kY'C})* (1 + ¢) < 0, so that the solution above is indeed
the maximum.

We need to show now that agents can always agree on the optimal sharing rule 5 when
they agree on the IPO. Let’s assume that the initial sharing rule is § # 3. We need to show
that positive and feasible side payments Py and Pgy exist such that both agents prefer to

renegotiate to the optimal sharing rule *. The IC constraint of the VC is

B [kY Ci(epn(87) + ¢eve(B™)) = T — Pve — Pen] + Pre — %630(5*) >
BIRY C (e (8) + deve(8)) ~ T) — Lebo(8). (20)
For the EN, his IC constraint is
(1= B")[kY Ci(epn(8°) + ¢eve(8) = T — Pye — Pen) + Py — % (ebn(5)" =
(1= BRY Cr(ehn(8) + deve() = T] = & (ehul8)". (21)

Adding up these constraints we get the joint payoff on the left hand side when the sharing

rule is 5% and the joint payoff on the right hand side when the sharing rule is 5. Since ("
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maximizes the joint payoff it is always possible to simultaneously satisfy both constraints.
It is important to note that the fixed payments do not affect the first order conditions and
therefore the effort levels of the agents.

We also need to show that the side payments are feasible:

Pyc + Py < kY Cy (epy(87) + deve(B7) =T

We show that side payments are feasible for the two possible cases: Assuming that there are
no side payments, by switching from [ to §* either one agent is better off or both of them are
better off. When we consider side payments, the EN must always be better off because he
has the bargaining power and he captures the surplus by making the VC indifferent among
the sharing rules.

Without side payments, if both parties are better off or if the VC is better off then there
exists a solution to both IC constraints such that Py = 0 and Pgy > 0. Pgy can be
found from satisfying the VC’s IC constraint with equality. It is obvious from the VC’s IC
constraint that Pgy is feasible (given that doing the TPO is the socially optimal action). If
the EN is better off but the VC is not, then there exists a solution to both IC constraints
such that Pyc > 0 and Pgy = 0. Py¢ can again be found from satisfying the VC’s 1C
constraint with equality. This time, it is not clear whether P, is feasible, i.e., whether

kY Ci(eLn(B%) + peve(B7)) — F — Pye > 0. For Py to be feasible we need:

1

BlRY Ci(epy(B) + " BEY C1) — T) — %ezvo(ﬁ) — Pro+ 5epe(B87) 2 0. (28)

We can solve the value of Py ¢ from the IC constraint of the VC and replace it in (28).

After simplifying, (28) becomes:

(kY Ci(ein(87) + deve(B7) — T] = 5eva(87) 2 (29)

BIY Ci(eh (8) + deve(5)) — T] — 564e(d).
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Given that total cash flow is larger with the optimal sharing rule, the optimal share of
the VC, %, has to be lower than the initial share of the VC, 3, to make the VC worse
off (without side payments). The VC exerts lower effort at a lower cost when her share of
cash flows is lower. Therefore, 1e?,. (8") < 3ei(8). On the other hand, we know that
kY Ci(eLn(B5) +peve(B) =T > BlkY Cy(ehn (8) + deve(B)) — T given that doing the IPO

is socially optimal. Therefore, condition (28) holds, which shows that the Py« is feasible. O

Proof of Lemma 5: The expressions for Cj;g, and Cje,, are deduced from the EN’s incentive

compatibility constraint for doing an IPO. C,g, solves:

1 1
§Y2k2012 = (1= B)[kY Ci(egy (8) + deve (8)) — T] — §(eleN (6))*.
Clow solves the equation above when (= %

Proof of Lemma 6: Using the participation condition for the VC, given by (18), we can

rewrite the first order condition for maximization of 1% with respect to k, given in (17), as

Oy, Clow 2 2
DI /C KY2C2F(C)dC (30)
0o 4 2
+ ¢+ 1
kY?2C? ¢—) ChdC
+/Clow < 1+¢2 f( )
2 [ 20 -W) 09g
2 ChighﬁTf(C)dC— — -0

We can now differentiate this first order condition with respect to the VC’s relative con-
tribution parameter ¢. The first term is clearly invariant with respect to ¢, although we

note that 8%% < 0 for C, < 00. The second term is clearly increasing in ¢. Moreover,

vc
since % < 0, differentiating aggN with respect to ¢ shifts weight from the first term to
the second term, which is larger since ki Finally, note that the derivative of

14¢2
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—% fg: X BT f(C)dC with respect to ¢ can be written as

9 %0 ~ 9 OChis
(-2 / ﬂTf(C)dC) _ 2 / a—ﬁTf(C)dC— M5 2 5P £ (Chagn).

0¢ k Chigh k Chigh ¢ 9ok
Since % < 0 from equation (18) and 8%% < 0, both terms must be positive. Therefore,
vc
the derivative of 8%? with respect to ¢ is positive, implying a higher first order condition

and therefore a large equilibrium value of specialization, k*. O

Proof of Proposition 4: Let’s first assume that the level of specialization is equal to the
level that is optimal under bank financing. Given that ¥ > ﬂ/g—{) + 2, it is always socially
optimal to continue the project at time 1. However, in the case of bank financing if the
cash flows are between Cy and C, the EN chooses to divert the cash flows at time 1. When
cash flows are between C, and C}, the EN makes the payment, reducing the funds available
for investment. The EN may decide to do the IPO (and therefore invests all cash flows)
if 7 > Cy; however there is a fixed cost T' of doing the TPO, which is a social waste.
Therefore, in bank financing either the investment is lower than what is socially optimal or
there is a social waste. Consider the following sub-optimal strategy for an EN financed by a
VC: never do the IPO regardless of the realization of first period cash-flows. This strategy
profile dominates the optimal strategy profile that the EN can follow with bank financing
because there is no social waste and all cash flows are invested. While following this strategy
would not be feasible since the VC would then refuse to offer financing, we note that the
strategy of choosing optimally when to do the TPO is in fact feasible does better for the
EN. Furthermore, optimally choosing when to do the IPO induces the VC to exert effort
when necessary. Therefore, when both forms of financing are feasible, VC financing always

dominates bank financing, even if they involve different levels of specialization. O

Proof of Proposition 5 and Lemma 8 : Define C,, C,, C;, Cy, and C, as the minimum
cash flow levels from the perspective of the EN when paying P; dominates diverting the cash

flows (and being liquidated) under the initial contract, an IPO dominates paying P; under
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the initial contract, an IPO dominates diverting the cash flows under the initial contract, an
IPO dominates paying P, under the optimal sharing rule, and an IPO dominates diverting
cash flows under the optimal sharing rule, respectively. The ordering of C} with respect
to Cy, Cy, Cy, Cy, and C, determines the action of the EN and the outside option of the

financier. These cash flows are defined as follows.

Cy solves : C1 +maz(L — P1,0) = %Y2k2(01 _ Py (31)
C, solves %YQkQ(Cl — P1)? = (1= B)[kY Ci(ely (B) + deve (B) — T) — %(eéN (3)”

Cq solves = Oy +max(L — P1,0) = (1= B)[kY Ci(efpy (8) + deve (8)) — T) - é(eé—w (3)”

Cy solves = JYPR(Cr — P)? = (1= B)RY Cileh (5°) + geve (87)) — T] = 5 (e (87

C. solves = Oy + maz(L— P1,0) = (1 - 5%)[Y Ca(ehy (5%) + deve (5°) — T] — & (e (5°))?

In the case of an TPO, possible fixed transfers between agents are omitted in the formulas.
Since financing is competitive, the investor’s payoff from accepting the convertible con-

tract must be equal to zero:

Cu ~ I Cy
0=—(-w) + [ ‘min{p, W pc)ac + / PLA(C)dC
Co Cuy

v [ (wvie (s -0+ 550 ) - o7) s(Crac

Financing is feasible if we can find a pair P, and § < 1 that satisfies the above equation. On

the other hand, the feasibility of financing with an equity-only contract is determined by

—(I—=W)+ /Oo (k2Y202 (5(1 —B) + %5%2) — 5T) f(C)dC = 0.

Chigh

It is clear that C, < Chgn: ceteris paribus, with a convertible contract the EN decides to do
the IPO at a lower realization of time 1 cash flow (this completes the proof of Lemma 8).
Now assume that both the convertible contract and the equity contract are feasible. With

both contracts the payoff of the investor in expectation is equal to I — W. Therefore, the
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EN prefers the contract that maximizes the total surplus. In the all-equity case, the total

output is equal to:

Clowl )
I+ / LY O F(O)d0

Co
oo 1 I 12 o
+ /Chigh (5((6151\1 (8%))" + (deve (8Y)) )—T) F(C)C — g(k)

With the convertible contract the total payoff is equal to:

Cu oy
_1+/ (C+L)f(0)d0+/ (%(kY(O—P))z)f(C)dC

Co

n / TR (1= BV O + (FokYC)) — T)F(C)AC — (k)

c, 2

From the formula for C), and Cj,, we know that C, < Cj,,. Since investment is always
profitable between Cj and (), and since not all the cash flows are invested in the convertible
case, the total payoff of all equity financing is larger than the total payoff of the convertible
contract in this region. If Cy < €y < Cj,y, the payoff from an all-equity contract is larger
because Cj,,, is the level of cash flow that equates payoffs from investing all time 1 cash
flows and doing an IPO. If C} > C,, then in this region the total payoff from both contracts
are equal. Therefore the expected total payoff of the all equity contract is larger than the
expected total payoff of the convertible security contract when the level of specialization is
the same under both contracts.

The convertible contract may create incentives to further specialize the assets in order
the decrease the bargaining power of the investor when the firm is financially constrained,
i.e., P, = L. In this case the total social payoff is even smaller under convertible financing
because the level of specialization chosen by the entrepreneur will be larger than the optimal
level of specialization in pure equity financing. At the same level of k, equity financing
dominates convertible financing. Therefore, equity financing at k£* will dominate convertible

financing at any k which is different from k* as well. O
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Condition for extending the term of the bank loan: With bank financing, as the cash
flow gets larger it is certain that paying P; will dominate diverting the cash flow. However,
it is not clear whether paying P, can actually dominate diverting before it itself is dominated
by the choice of doing an IPO. The existence of a region where paying P; dominates both
the TPO and diverting the cash flow requires the payoff from paying P; to be larger than the

payoff from the other two options. If we add up these two conditions we get:

1
EY?(Cy — L) > Cy + 514:25/2012 ~T+L-2P, (32)
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