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Human-Capital Intensive Firms: Top-Management Compensation and Capital

Structure

Abstract

This paper studies top management compensation and capital structure decisions in human-
capital intensive firms and how they differ from those of traditional firms. Incentivizing non-
management key personnel through optimally designed contracts is a center issue in human-capital
intensive firms. Optimal renegotiation procedures are also specified in the contract to redress
potential breach of the contract due to hold up by equityholders. The set of renegotiation-proof
contracts are affected by the capital structure and the top management compensation structure. I
show that the feasible set of renegotiation-proof contracts is decreasing in the amount of debt in
the capital structure. The optimal debt level decreases as the human capital intensity of the firm
increases. I also show that the option component in the top management compensation structure
should be lower in human-capital intensive firms.

I construct proxies for human-capital intensity and empirically test two hypotheses related to
capital structure: (1) there is a negative relationship between leverage and human-capital intensity,
ceteris paribus; (2) the more specific the firm’s assets are, the stronger is this negative relationship.

I find strong and robust supporting evidence for both hypotheses.



1 Introduction

Our economy is becoming increasingly based on information and knowledge. Human capital is
becoming more and more important in the production process. Rajan and Zingales (2000) argue,
“Since then (1930s) the nature of the enterprise has changed greatly: human capital has replaced
physical capital as the main source of value.” If that is the case, it will inevitably change the power
balance between the owners of the human capital and the owners of physical capital. Many business
philosophies that were viewed as reasonable and legitimate might have to be reexamined. Finance
researchers are therefore facing the new challenge of understanding, interpreting and providing
guidelines for corporate decisions in light of human capital concerns.

The subject of this paper is human-capital intensive firms. In these firms, human capital is
the most important asset. In contrast to a traditional firm where only top managers’ human
capital matters, a human-capital intensive firm has broad-based human capital. The group of non-
manager key personnel’s (in this paper, I call this group the tech workers) human capital is also very
important. Some examples of this type of human capital are individual artists in an advertisement
firm, each programmer in a software company or all the scientists in a bio tech company.

I investigate how corporate financial policies are affected by the nature of these firms, that is,
how their financial policies will differ from those of the traditional firms. In particular, I study the
capital structure decisions and top management compensation in human-capital intensive firms.
Incentivizing the tech workers by optimally designed contracts is very important in these firms.
Due to the incompleteness of contracting, there is a potential ex post hold-up problem between the
shareholders and the tech workers. This hold-up problem cannot be solved by ownership integration
because of the inalienability of human capital. It therefore leads to an additional constraint on the
ex ante renegotiation-proof contracts. Anticipating the potential hold-up problem, the contract
will also need to specify a renegotiation form as a redress mechanism. Different renegotiation
forms will lead to different contract for the tech workers, which in turn might lead to different
human capital supply. I show that capital structure and top management compensation can affect
the feasible set of the renegotiation-proof contracts. Debt causes difficulty in incentivizing human
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have double-edged incentive implications. Human-capital intensive firms should grant less options
to their top management. I empirically test these predictions.

There are two aspects of human capital that are needed by the firm: general human capital
which could be transferred from project to project, and/or from firm to firm, and specific human
capital to a firm or a project. In the discussion below, I only talk about firm-specific human capital,
but most of the story can be applied to project-specific human capital as well. A tech worker carries
her general human capital when she joins a new firm. But she needs to build up her specific human
capital to be able to contribute to the firm value. The specific human capital is like a bridge
between her general human capital and the firms’ assets and integrates her with the firm’s assets.
It will greatly increase her productivity in the firm. Therefore the firm will want to encourage her
to make a good investment in specific human capital. Training programs provided by the firm help
with the investment. However, the most important investment has to be made by the tech worker
herself, which is typically not observable by the others. For example, the fact that an employee is
staying in the office does not necessarily mean that she is putting her mind to work. Efforts and
the knowledge acquired through effort cannot be measured by time units.

The human capital investment is therefore private to the tech workers themselves. The share-
holders cannot write contracts on it or offer to share the expense and opportunity cost. The
shareholders, however, can encourage the tech workers to make the investment by promising to
share profits. The problem, or, the friction that drives my model, is that after the tech worker
has sunk the investment, the shareholders have the incentive and the capacity to withdraw the
profit-sharing promise and renegotiate the contract. The ex post hold up problem hurts the incen-
tive of human capital investment. The shareholders are able to hold up the tech workers because
the human capital investment is specific to the firm and has little value elsewhere. This is also
because the shareholders have discretion on business decisions that affect the realized profits and it
is impossible to specify these decisions in the contract ex ante. These decisions are not contractible
either because they are too complicated to specify every possibility or because the states of na-
ture decisions should be conditional on are not verifiable. I model one such business decision, the
continuation decision, in the paper.

I model a risk-neutral shareholder and risk averse tech worker who supplies human capital. The



shareholder and the tech worker will sign a contract ex ante, linking the worker’s compensation to
the realized cash flow. There is an interim evaluation of the state of nature or economic environment,
conditional on which the shareholder will decide whether or not to continue the project. Even if
the realized state of nature could be observed by all parties involved, it is not verifiable to a third
party such as a court. Therefore contracts conditional on the state of nature are not enforceable,
and things are such that unconditional continuation is not optimal. Therefore it is infeasible to
write the efficient continuation policies in the contract.

Under some states of the nature, the situation is so bad that the shareholder will close the
project for sure. However, even when it is efficient to continue the project, the shareholder can
threaten not to continue the project if there is nothing left for her or, the cash flow left for her is
not large enough. The shareholder threatens not to continue the project unless the tech worker will
take a compensation cut. Anticipating the hold-up problem, the ex ante contract will also specify
the renegotiation procedure if bargaining occurs. Each renegotiation procedure corresponds with a
bargaining power distribution between the two parties. I only look at renegotiation-proof contracts.
The renegotiation-proof compensation structure depends on the renegotiation procedure specified
in the contract. That is, the renegotiation procedure determines the payoff to both the shareholder
and the tech worker if renegotiation occurs. To make the ex ante contract renegotiation-proof,
the implied payoff to the shareholder by the contract cannot be less than what they can obtain
by holding up the tech worker. This results in a renegotiation-proof constraint on the optimal
contract.

Given a renegotiation procedure specified in the contract, there is an optimal ex ante renegotiation-
proof contract. However, the set of optimal renegotiation contracts could be ranked ex ante. I show
that the optimal renegotiation form should allow the worker to make a take-it-or-leave-it offer once
the shareholders initiate the renegotiation. This renegotiation form gives the tech worker all the
bargaining power in event of hold-up. This paper thus experiments to show how bargaining power
can be endogenized in the contract.

Capital structure also affects the feasible set of the renegotiation-proof contracts. Under debt
financing, the total cash flow available to the shareholder and the tech worker is less. Everything
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the threat of liquidating the project credible. I show that the feasible set of renegotiation-proof
contracts is decreasing in the debt amount. The renegotiation-proof constraint is more and more
stringent as the debt increases. The expected compensation therefore increases with debt.

Another way to interpret the above results is that the risk premium needed to provide incentives
is higher under debt financing. For a risk-averse tech worker, it is desirable to have as smooth income
as possible along the equilibrium paths. The ex post potential hold-up problem puts upper bound
restrictions on compensation levels in some states. To satisfy the tech worker’s reservation utility,
higher compensation levels have to be granted in states where cash flow is rich where a liquidation
threat is not credible. Since the upper bound restrictions are more stringent under debt financing,
it means the optimal compensation contract under debt financing is also riskier. Therefore, even
if there is no investment inefficiency, it is in general more costly to provide incentives under debt
financing than under equity financing.

In some cases, the risk premium required under debt financing is so high that underinvestment
in human capital will occur. If underinvestment in human capital will greatly decrease the firm’s
profitability, human capital underinvestment might lead to capital underinvestment.

In a risk-neutral world, debt financing also has disadvantage in providing incentives to tech
workers. When debt level is high enough, the shareholder will want to discontinue the project
suboptimally in some states of the world. That leaves the shareholder fewer states to compensate
the tech workers. If the cash flow net debt payment in the good states are not enough to compensate
tech workers in expected terms, then underinvestment in human capital will occur. It is therefore
optimal to have low debt in human capital intensive firms.

This paper also models an entrepreneur who makes business decisions such as capital structure
and continuation. I interpret her as the founder of a startup firm, or a top manager in a mature
firm. Other than making business decisions, the entrepreneur differs from the tech worker in that
her investment in specific human capital could be taken as given. It is reasonable to think that
a founder of the firm specializes herself to the firm before she starts the firm. And a manager
has made her specific investment during the process of studying a project and making the decision
on whether or not to take it. The entrepreneur, however, also needs exert effort to increase the

firm value. In the base case of the model, I assume her human capital supply is not subjected to



incentive problems because of non pecuniary reasons. I then relax this assumption and study how
her incentive is affected by capital structure. Debt financing, while causing difficulty in incentivizing
the tech worker, encourages the entrepreneur to work harder.

I also show that granting stock options to managers can have different incentive implications in a
human-capital intensive firm, compared to in a traditional firm . Options are cheaper than unlevered
equity. It is therefore feasible to let the managers hold more options than equity and to better
align their incentives. On the other hand, stock options raise the bar over which the managers will
continue the project and therefore cause negative incentive impact on the tech workers. Granting
options to the tech workers, on the other hand, has only positive effects.

I empirically test the prediction of my theory model, that is, human-capital intensive firms
tend to borrow less. Proxies for human-capital intensity are constructed for the test. These
proxies balance between the relative importance of labor to capital and the importance of human
capital to low skill labor. Controlling for a fairly comprehensive list of traditional capital structure
determinants, I find a negative relationship between financial leverage and human-capital intensity.
In particular, human-capital intensity has explanatory power in addition to the collateral value of
firm assets and the firm’s growth opportunity. This negative relationship is statistically significant
as well as economically significant. It is also robust to different regression methods and econometric
specifications.

Another implication of the model is that incentive problems will be more severe, the more specific
human capital the employee needs to develop. Therefore I also test the hypothesis that the more
specific the firm’s assets are, the stronger is the negative relationship between the financial leverage
and human-capital intensity. Two measures of firm specificity are used: R&D and Parrino’s (1997)
measure for industry homogeneity. I find the relationship between leverage and human-capital
intensity depends on these measures, in the way predicted by my theory.

The paper is organized as follows. In the next section, I discuss the related literature and my
paper’s position in the literature. I describe the model in section 3 and present the results in
section 4. In section 5, I consider the entrepreneur’s incentive problem. I demonstrate the trade-off
between the debt and equity financing in incentivizing the entrepreneur and the tech worker. I also

discuss the incentive implications of stock options. The capital structure hypothesis is tested in



section 6.

2 Literature review

This paper is motivated by the new emphasis on human capital in studying corporate finance,
advocated by some finance researchers. Zingales (2000) proposes that as the nature of the firms
changes from being physical-asset intensive to human-capital intensive, the field of corporate finance
has to adjust itself to understanding how corporate decisions might change the boundaries of the
firms. Rajan and Zingales (2000) make a case that the focus of the corporate governance must
shift form strengthening the rights of owners to controlling and retaining human capital. Rajan
and Zingales (2001) again argue that due to technology advance and financial innovations, the
power balance has shifted to human capital providers from financial capital providers. This change
has profound implications on the theory of the firm. Myers (1999) also stresses the significance
of human capital in determining corporate decisions. He states, “financial architecture adapts to
support the co-investment of human and financial capital.” By financial architecture, he means
“the entire financial design of the business, including ownership (e.g. concentrated or dispersed),
the legal form of organization (e.g. corporation vs. limited-life partnership), incentive, financing
and allocation of risk.”

This paper describes a hold-up problem related to the employee’s specific human capital invest-
ment. The value of the specific investment is significantly lower or close to zero if not employed
in the same firm. Therefore the employer of the firm can hold up the employee ex post. This
type of relation-specific investment problem is not new. It is at the heart of the literature of the
boundaries of the firm. Until very recently, two strains of work have dominated the research of
the boundaries of the firm: transaction cost economics and property rights theory. Holmstrom
and Roberts (1998) give a nice survey on both. They state, “Both theories, while quite different
in their empirical implications, focus on the role of ownership in supporting relationship-specific
investments in a world of incomplete contracting and potential hold-ups.”

The two theories, of course, have more distinctions than just their empirical implications. But

for the purpose of providing a context for this paper, I would like to emphasize their common



thinking: the use of ownership to mitigate hold-up problems and enhance efficiency. The problem
under question arises if one party need make relation-specific investment, when two parties, i.e., the
owners of two pieces of distinctive assets, transact with each other. If it is infeasible or too costly to
write contingent contracts, the party that makes the investment is possibly held up ex post. That
party is at a disadvantage in the transaction because the product of its specific investment is worth
considerably less if it does not transact with the other party. Such ex post vulnerabilities calls for
some ex ante device to improve ex post bargaining power. One powerful device is ownership.

Modern transaction cost economics represented by Williamson (1975, 1985), Klein, Crawford
and Alchian (1978) argue that such problems are reasons for internal coordination instead of mar-
ket transaction. If specific investment is incurred under common ownership, there is no hold-up
problem. The more frequent, the more uncertain the transactions are and the more specific the
assets involved, the more likely the internal governance will be adopted.

The property rights theory, pioneered by Grossman and Hart (1986), takes ownership of non-
human assets as the defining characteristic of firms: a firm is exactly a set of assets under common
ownership. The modern transaction cost theory implicitly assumes that integration yields the same
outcome that would arise under complete contracts and therefore is always (weakly) better than
nonintegration. Grossman and Hart (1986) allow for investment on the part of both parties and
conclude that integration shifts the incentives for opportunistic behavior, but does not remove
them. Ownership, i.e., the residual rights of control, improves a firm’s status quo in the ex post
bargaining. It therefore improves its distribution of ex post surplus, and hence affects ex ante
investment decisions. Ownership should lie with the party that makes most important investment.
In cases where both parties of investments are important, non-integration might be good.

Hart and Moore (1990) further clarifies the role of ownership in mitigating underinvestment
problem and improving efficiency. An agent is more likely to own an asset if she makes important
investment or if she is a crucial trading partner (thus is indispensable). In addition, common
ownership of two assets by agent 1 (instead of being owned by agents 1 and 2, separately) is likely
to increase efficiency if (1) the assets are strongly complementary; (2) 1 is an important trading
partner for 2 and the workers of 2; and 2 is dispensable; (3) 1 or the workers of 1 have important

investments.



The caveat in both theories when they use ownership to solve the investment problem is that they
do not quite apply to human capital. Underinvestment in human capital arises because employees
need to make firm-specific human capital investments. Carrying out the solution proposed by
these theories, the owner of the firm should own the human capital as well to solve the hold-up
problems. However, human capital cannot be separated from the person and slave labor is not
allowed. Inalienability of human capital and effective constraints on involuntary servitude makes
the human capital problem a very distinctive one. It is generally infeasible for the tech worker (as a
simplification, assume they are a unified group) to own the whole firm due to the simple reality that
they are wealth-constrained. If firm-specific human capital investment and its costs are observable,
it is efficient for the firm to pay for the optimal level of investment. But a great deal of such
investment is unobservable and private to the individual employee. Hence the underinvestment
problem in human capital is not solvable by ownership. I thus propose a partial solution through
capital structure.

Rajan and Zingales recently extended the theories of firms in a series of papers such as Rajan
and Zingales (1998, 2000, 2001). The critical resource theory of firms, as it is called, broadens
the view of boundaries of a firm. In modern firms, they contend, ownership of non-human assets
are not always a bargaining tool as powerful as accessibility to critical resources. Control over
the critical resources is a source of power and can provide better incentives than ownership. The
organization, the realm of transactions governed by authority rather than by prices, consists of its
critical resource and the agents and other critical resources that are tied to it via complementarity.

The critical resource theory describes the power from access as follows in Rajan and Zingales
(1998) “The agent who is given privileged access to the resource gets no new residual rights of
control. All she gets is the opportunity to specialize her human capital to the resource and make
herself valuable.” While describing how an agent could make herself valuable by developing specific
human capital, it does not explore the question how she is ensured that she will have continued
access to the critical resource after she develops her specific human capital, which is exactly the
problem discussed in this paper.

There are other papers that address the hold-up problems due to relation-specific investments.

Titman (1984) considers the implicit costs that liquidation will cause to a firm’s customers and other



associates that have made relation-specific investment in the firm. A value-maximizing firm will
commit itself to liquidate only in those states where the liquidation value exceeds the continuation
value by an amount greater than the costs imposed on its customers. An optimal capital structure
will do the job. Under simplifying conditions, the theory implies that ceteris paribus, firms that
impose potentially large costs on their customers in event of liquidation, choose low levels of debt
which lead to bankruptcy only in few states of nature. However, the time-inconsistency problem
of optimal liquidation described in his paper is not solved by pure equity. The optimal capital
structure is a delicate balance between debt, preferred equity and common equity. Despite the
prediction of a negative relation between the debt and the potential liquidation costs, such relation
is not predicted between the sum of debt and preferred equity, and the potential liquidation costs.
Titman and Wessels (1988) test the hypothesis that firms with more specific assets have higher
liquidation costs, therefore lower leverage. They use R&D expenses and SGA (selling, general and
administration) expenses as proxies for asset uniqueness and a negative relation between leverage
and asset uniqueness.

Shleifer and Summers (1988) argue that part of the equity value increase associated with
takeover might be a transfer of wealth from stakeholders of firms to equityholders, rather than
creation of wealth. There are implicit contracts between old management and stakeholders who
have made specific investment following the implicit contract. Transfer of wealth occurs after
takeover because these implicit contracts are not to be honored.

Berkovitch, Israel and Zender (1997) propose a bankruptcy procedure that biases the bargain-
ing power toward the entrepreneur against the creditors. It thus gives ex ante incentive to the
entrepreneur to invest in the firm-specific human capital.

Jaggia and Thakor (1994) also present the firm-specific human capital investment problem. A
firm trades off the advantage of the long-term contract which encourages workers to invest, and
the disadvantage it brings that the firm cannot fire them if they turn out to be the bad type. If
the former consideration is more important, the firm will use long-term contract. Since bankruptcy
will terminate the commitment, more specific firms should take less leverage.

These papers address relation-specific investment and propose different mechanisms to encour-

age such investments. The solutions suggested by Titman (1984) and Jaggia and Thakor (1994)
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involve capital structure. This paper is similar in these respects. However, this paper differs in im-
portant ways: First, it is not a bankruptcy story. The friction involved is the distorted continuation
incentive on the shareholders’ part in presence of debt and therefore changes the bargaining game.
In equilibrium, there might not be inefficient capital investment or human capital investment, but
debt will lead to inferior risk sharing between the shareholders and the employees. Therefore, the
shareholders have to pay high risk premium and receive less expected payoff. Other than capi-
tal structure, this paper also studies other aspects of human-capital intensive firms, such as top
management compensation and renegotiation form design. These features are not in the above
papers.

The idea that the shareholders can use debt as a bargaining tool against workers is discussed
by Perroti and Spier (1993). However, they focus on ex post capital structure maneuvering, while
I am interested in the ex ante optimal capital structure.

In terms of empirical hypotheses, the predictions on capital structure and stock options to
top management are new. So are the testing. This paper therefore adds to the literature of
capital structure. In theory, it identifies another factor that determines the capital structure.
Empirically, it finds supporting evidence on the negative relationship between leverage and human-
capital intensity. Harris and Raviv (1991) provide a nice survey on both theoretical and empirical
works on capital structure. Two types of theories compete to explain firms’ capital structure
choice: the trade-off theory and the pecking order theory . The trade-off theory believes that firms
balance the advantages and disadvantages of debt and adjust to the optimal target leverage level.
The pecking order theory, represented by Myers and Manjluf (1984) and Myers (1984), predicts
no optimal target leverage level. Instead, due to the lemon costs associated with asymmetric
information, firms will use internal funds first, then debt and finally equity. Empirical findings
suggest there are some truth in both theories. For example, see Brealey Fama and French (2001).
It is unlikely that the pecking-order theory is true in its strict sense because firms do have other
concerns related to debt. This paper fits into the trade-off theory regime of capital structure
because it identifies one determinant of capital structure, among others. More empirical papers

will be discussed in section 6.
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3 The Model

There are three parties that play in the game: an entrepreneur who controls the access to the
project, an investor who provides financial capital and a tech worker who will supply her human
capital. In the base case of the model, I do not consider the role of the entrepreneur’s human
capital. The entrepreneur is a dummy for the existing shareholder and always tries to maximize
the existing shareholder’s wealth. Both the entrepreneur (the existing shareholder) and the new
financial investor are risk neutral while the tech worker is risk averse.

It is often assumed in entrepreneurial economics literature that the entrepreneur is the same
person who provides human capital. This may be true or not. I separate these two roles for several
reasons. First of all, the subject of this paper is human-capital intensive firms, which differ from
traditional managerial firms in that it has broad-based human capital. In these firms, the human
capital of non founder tech workers is collectively more important than that of the founder(s).
Secondly, the entrepreneur or the founder, may differ from the typical human capital supplier
in that her firm-specific human capital investment is realized before she seeks financing. That
difference has important implications in terms of financing decisions, as I will demonstrate later.
Thirdly, although the entrepreneur’s effort and creativity are very important to firm value, it is
reasonable to assume that she does not have incentive problem because of non pecuniary reasons
such as egos and reputation concerns. If that is the case, financing decisions will hardly affect
her human capital decisions. It is the tech workers’ human capital inputs that depend on the
compensation structure, which is influenced by financing decisions. Finally, by separating the role
of the entrepreneur and the tech worker, I can disentangle the incentives of a shareholder and a
human capital supplier. Although employees are often granted the company’s stocks/stock options,
to the extent that their main incomes are still from non-equity sources, their interests are different
from large shareholders. I later relax the assumption that the tech worker does not hold shares
and my main results hold. I also study the situation in which the entrepreneur’s human capital
supply is also subject to incentive problems. I point out the trade-off of debt financing and equity
financing under such a situation. But for now, I assume that only the tech worker supplies human

capital and the entrepreneur is always perfectly aligned with existing shareholders’ interests.
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There are two periods and three dates in the model: date 0, 1 and 2. On date 0, the entrepreneur
has access to a project and seeks to finance the required capital investment I. Without loss of
generality, I assume that the entrepreneur has no wealth of her own and that she needs to raise the
whole amount of required capital I from the investor. To simplify the model and to highlight the
contrast between debt and equity financing, it is assumed the firm is financed either by debt or by
equity. This is not a crucial assumption. It can be shown that the main result holds under a mixed
capital structure. ! If the project is financed with debt, the investor holds a debt claim with face
value D and the entrepreneur is the sole shareholder. The debt is risky, that is, the firm’s cash flow
under some states of nature cannot pay off the face value of the debt. If the project is financed by
equity, the investor is promised (1 — a) share of the firm and the entrepreneur holds « share of the
firm.

The entrepreneur then hires a tech worker who will provide human capital in the production
process and the two parties sign a compensation contract. I denote the contract as ¥ and the
compensation vector stipulated in the contract as W. The tech worker has a utility function
U =U(W), where U(-) is an increasing and concave function.

The entrepreneur makes the capital structure choice to maximize her expected payoff on this
project. Given that all the financial securities are correctly priced, it is equivalent that the en-
trepreneur maximizes the firm value net the expected compensation to the tech worker. Observing
the entrepreneur’s move, the tech worker makes her decision on firm-specific human capital in-
vestment in the first period, denoted as H. The human capital investment is private to the tech
worker and cannot be observed by other parties. For simplicity, I assume this is a binary choice:
H = 0,or 1. H = 0 means that the tech worker makes low human capital investment and H = 1
implies high human capital investment. It is assumed that if H = 0, there is no cost to the tech
worker. The tech worker invests H = 1 at a dollar cost of C, which incurs a utility cost of V(C).
The cost function not only reflects the foregone leisure and consumption of energy that need to be
compensated, it also includes the opportunity costs of specializing one’s own human capital.

It is common knowledge that the final payoff of the project at the end of the second period,

X, depends on both the state of nature realized then, 8, and the tech worker’s investment of firm-

T later discuss the possible usage of more sophisticated securities such as convertible debt.
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specific human capital during the first period, H. I assume X = 6+ f(H), where f is increasing in
H. There are three possible states of world: low state, medium state and high state, (denoted as
01, 0, 1), with probability p, ¢ and (1 — p — q), respectively.

At the end of the first period, the firm receives a perfect signal on the state of nature. The signal
is observed by all parties involved. However, the signal is not verifiable. Therefore, contracts cannot
be written on this information. The entrepreneur will then make a continuation decision on behalf
of shareholders’ interests. If the project is not to be continued, it will yield a state-independent
liquidation value L. Since the debt is risky, L < I < D.

If the entrepreneur decides to continue the project, the tech worker applies her human capital
during the second period and the final cash flow X = 0+ f(H) is realized on date 2. If the project
is liquidated on date 1, the final cash flow is L. The final payoff X is observable and verifiable
once it is realized, the two parties can write enforceable contracts over X and the contract can be
enforced once X is realized. Wages will be paid first.? Then debt is paid off, if there is any. The
shareholders (the entrepreneur and the new financial investor in case of equity financing) keep the
residual cash flow. The shareholders have limited liability.

Although the entrepreneur (on behalf of all shareholders) signs a contract with the tech worker
on date 0, the non verifiability of the state of nature renders the contract incomplete. That is,
the contract cannot specify the continuation decision and compensation conditional on #. This
incompleteness in the contract might lead to an ex post hold-up problem between the shareholder
and the tech worker on date 1. On the interim date, the tech worker has sunk her investment
in human capital. If she is denied the opportunity of continuing to work on the project, her
investment in the specific human capital has little value elsewhere. The entrepreneur could, and
has the incentive to hold up the worker by threatening not to continue the project unless the worker
takes a compensation cut.?

In a rational expectation world, both parties take this potential ex post bargaining game into

%In this simple model, the compensation contract could be written in the form of output(X)-contingent wages.
Wages have priority over debt. Later I will discuss the case where compensation is comprised of fixed salary and
equity.

31 preclude the possibility in the model that the shareholders will renegotiate with the debtholders. However, it is
not a crucial assumption. A trilateral bargaining might change the magnitude of the problem but will not eliminate
the problem.
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account. An efficient contract will therefore be designed in such a way that it is not subject to
renegotiation. In this model, renegotiation is of no value. If there are any bargaining costs involved,
then it is better to design a renegotiation-proof contract. For this reason, the set of contracts under
consideration is restricted to renegotiation-proof contracts.

The renegotiation-proof compensation level depends on the ex post bargaining results if bar-
gaining occurs. The ex post bargaining results in turn depend on the bargaining power distribution
on date 1. Corresponding to each distribution of ex post bargaining power, there will be a optimal
renegotiation-proof compensation vector. As will be demonstrated later, the ex ante contract can
determine the ex post bargaining power by designing the bargaining procedures. Therefore the con-
tract will consist of two arguments: the bargaining power assignment and the compensation vector
accordingly, i.e., ¥ = ¥(W, <), where ¢ is the bargaining power distribution. ¢ = (¢, 1 — ¢), where ¢
is the shareholders’ bargaining power. It is possible there are legal or feasibility restrictions so that
ex post bargaining power distribution can not be determined in the contract. In the appendix, I
analyze the model assuming an exogenous ex post bargaining game. The main results hold.

The timing of events are summarized in figure 1.

Worker invests in H Worker applies Human capital
L | J
0 1 2
1.Entrepreneur seeks 1.0 is observed . X is realized and
financing I 2.Continuation decision and distributed

2.Compensation contract potential hold-up problem

for the tech worker

Figure 1: Time line of events

4 The Analysis

4.1 The First best

I make the following assumptions to facilitate the analysis:
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Assumption 1

0+ f(1) <L
Om + £(0) > L

0, > L

Assumption 2

PO+ FD)] +ql0m +fD]+Q—p—q)xL>1T
plon + fF)]+ql0m + fF)]+ (X —p—q)x (0 + f(1)) <1

plon+ f(O)] + gl + O]+ (1 —p-q)x L <1

Assumption 3 (p +q)(f(1) — f(0)) > C

Assumption 1 shows the project’s profitability under each state of nature. It says that the con-
tinuation value of the project is greater than the liquidation value in both medium and high states,
but lower than the liquidation value in the low state even with high human capital investment.
Assumption 2 shows the profitability under different investment decisions. The first inequality says
that with human capital investment and liquidation in low state, the project has a positive NPV.
The second inequality shows that the low state is so bad that unconditional continuation is not
optimal. The third condition demonstrates the importance of the human capital investment. With-
out human capital investment, the project has negative NPV. This assumption is testimony that
the subject of our study is firms where human capital investment is very important. Assumption
3 assures that it is efficient to invest in the specific human capital.

The first best is achieved if the business decision maker (in my model, the entrepreneur), the
financial capital supplier and human capital supplier are all perfectly aligned, or if contracting
could be complete. Suppose a social planner makes decision for all three parties in such a case.
Given assumption 1, the planner will continue the project if and only if 8 > 6,,,. With assumption

3, it is optimal for her to invest in the firm-specific human capital, i.e., H = 1.
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Since the new security, be it equity or debt, is correctly priced, the new financial investor will
earn zero NPV on the project and will get paid back I on expected terms. The rest of the firm value
will be divided between the entrepreneur (the old shareholder) and the human capital supplier. A
compensation contract could be written on all the information available in the first best, hence
W =W (0, H,v), where v = 1 if the project is continued and v = 0 otherwise. Note that the final
cash flow X is determined once 6, H, - are fixed.

An efficient compensation contract should solve the following problem:
mmi/n EW(0,H = 1,7)

s.EUW(H =1)) - V(C)>U

where EW is the expected compensation level, EU is the expected utility from earning the wage
vector W, V(C) is the utility cost of high human capital investment and U is the tech worker’s
reservation utility. The level of reservation utility reflects the tech worker’s outside options and her
bargaining power ex ante in splitting the firm value with the shareholder.

It is easy to show that the efficient compensation contract is a fixed salary which is state-
independent and <y-independent. The intuition is clear. Since H = 1 can be implemented uncon-
ditionally in the first best, there is no need to make the risk-averse tech worker bear any risk. It
is best to provide her with perfect insurance against all the possible states of nature. Therefore,
the solution to the above problem is W = W% = U~ }(V(C) + U). Since contracting is complete in
the first best, ex post bargaining is not allowed to happen. The ex post bargaining power does not
affect the equilibrium. In other words, the contract need only specify W.

The first best decision rules are as summarized as follows: (1) to make human capital investment
i.e., H =1; (2)to continue the project in both medium and high states, i.e., vy = 1 iff 6 > 0,,,; (3)
the tech worker is paid a fixed salary, i.e., W = W° = U }(V(C)). Under these decision rules, the

firm value is:

Vo=plbh + f(D)] +qlbm + (D] +(1-p—qL

The expected payoff to the shareholder is:
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w0 = plOn + fF(1)] + ql0m + F()]+ (1 —p— @)L — T - W°
Assuming U =V and U = 0, then
mo =plbn + f(D] + ql0m + fD)]+ (1 -p-q)L-I-C

4.2 Hold-up problem and renegotiation-proof contracts

The first best can be achieved if a complete contract between the shareholder and the tech worker
could be written. In particular, the first best can be achieved if the following could be specified in
the contract: (1) the continuation decision conditional on the observed state of nature and (2) the
compensation conditional on the tech worker’s human capital investment. However, either 8 and
H is not contractible.

Since the investment in human capital is private to the tech worker and not observable to the
others, the shareholders need to link her compensation to the project’s output to encourage her to
make the investment. The final cash flow of the project is the only variable in the model that is
both observable and verifiable. The final cash flow X is equal to 8+ f(H) if the project is continued
and is equal to L if it is liquidated on date 1. Unlike in the first best, the compensation W can
only be a function of X, hence W = W (X). The worker also has limited liability, i.e., W (X) > 0.4
It is implied that if the project is liquidated prematurely, then W = W (L), independent of # and
H. In the three-state model, if the project is carried out to date 2, the H investment could be
deduced from the cash flow. However, if the project is liquidated on date 1, the tech worker loses
the opportunity to apply her human capital and proves that she has invested in specific human
capital. The firm does not want to pay too much when they liquidate the project because the
state and H-independent liquidation value does not help reveal the tech worker’s human capital
investment. Paying too much in non-discriminating states will discourage the tech worker not to

invest.

*If negative compensation is allowed, the incentive problem could be trivially solved by imposing severe punishment
whenever the final cash flow is such that it can be inferred H = 0.
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The tech worker’s compensation depends on the continuation decision. But it is not possible
to stipulate in the contract the right continuation decision conditional on 8 since 8 is non verifi-
able. Neither is unconditional continuation optimal. Therefore the shareholders may want to take
advantage of the incompleteness of the contract and renegotiate the compensation contract on the
interim date using the continuation decision as a bargaining tool.

In the event of hold-up, the entrepreneur will express intention to renegotiate. Then they
renegotiate following the procedures specified in the contract.

The cash flow the shareholders are entitled to, if the project is carried through to date 2,
is (0 + f(H) — W(X) — D). The cash flow the shareholders can receive under liquidation is,
(L —W(L) — D)*. Given the second condition in assumption 2, the entrepreneur will never want
to continue the project in the low state. The compensation in the low state will be W(L).

The hold-up problem might arise in the medium and high states. With Assumption 1, 6,, +
f(1) > L. Under equity financing, the entrepreneur and the tech worker can be both made better
off by continuing the project as long as the W (L) is not too high. As will be shown later, W (L)
should be set to zero in the optimal contract. Therefore in equilibrium, the entrepreneur will
continue the project under equity financing and the tech worker will make enough concession when
necessary. In this section, I also assume that 6,, + f(1) > D. As a result, the entrepreneur will
also continue under debt financing, if the tech worker makes enough concession.

With this additional assumption, there is no distortion in the continuation decision. The optimal
compensation contract will make sure that H = 1 is taken. Otherwise it makes no sense to take
the project. Therefore in equilibrium, there is no distortion in both capital investment and human
capital investment decisions, hence the firm value will be equal to Vj.

However, the optimal compensation will differ under the equity financing and debt financing
and I argue that the optimal compensation under equity financing will lead to better risk sharing
between the shareholders and the tech worker. The difference comes from the different bargaining
results under different capital structure if renegotiation occurs.

I first calculate what the tech worker can bargain for herself under a fixed bargaining power
distribution, if renegotiation occurs. For the ex ante contract to be renegotiation-proof, the com-

pensation level has to be equal to or less than what she can bargain for herself. I call this constraint
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on the compensation vector the renegotiation-proof constraint.

Figure 2a presents the payoffs for the shareholders and the tech worker when the entrepreneur
initiates the renegotiation talks. The first column displays the payoffs if the project is continued.
The second column shows the payoffs if the project is liquidated. The total payoff to both of them
if the project is continued is @ + f(1), while the total payoff if the project is liquidated is L, where
0 = 6, or Oy. The total surplus of the successful bargaining is 6 + f(1) — L. Given bargaining
power distribution (¢,1— ¢), the tech worker can bargain for herself W (L) + (1 —¢)*(0+ f(1) —L).
For the contract to be renegotiation-proof, the compensation function has to satisfy W(0+ f(1)) <
W(L)+ (1 —¢)*(0+ f(1) — L). It is also clear that W(-) is a (weakly) increasing function so
that right incentive can be provided. Therefore the renegotiation-proof under the equity financing
is W(L) < W(O+f(1) <W(L) + (1 - ¢) (0 + (1) - L).

The optimal renegotiation-proof compensation contract under equity financing solves the fol-

lowing problem, if it specifies ¢ = (¢, 1 — ¢):

miny EW (X)
st.  EU(W)|ge1 - V(C)>U (IR)
EU(W)|ge1 — V(C) > EU(W)|a0 (IC)
W(L) <W(0+ f(1)) <W(L)+ ¢(0+ f(1) — L) (RPE)

W(X) >0

The first constraint is the individual rationality constraint, which says in equilibrium the tech
worker’s expected utility is no less than her reservation utility. The incentive compatibility (IC)
constraint assures that the tech worker will make high human capital investment since her expected
utility if she makes high investment is larger than or equal to her utility if she makes low investment.
The third constraint is the renegotiation-proof constraint, as explained above. The last one is the
non negativity constraint or limited liability constraint.

It is proved in the appendix that W (L) should be set to zero. Therefore the problem can be
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rewritten as (denoted as problem (E))

miny EW(X)

st.  EUW)|uei - V(C) > U (IR)
BU(W)|s=1 — V(C) > EU(W)| s (1)
WO+ F(1) < 90+ F(1) — L) (RPE)
W(X) >0
W(L)=0

The optimal compensation contract under debt financing will be subjected to the same (IR) and
(IC) conditions. However, the renegotiation-proof condition will be different. Figure 2b presents
the payoffs for the shareholders and the tech worker under debt financing when the entrepreneur
initiates the renegotiation talk. The total payoff to both of them if the project is continued is
0+ f(1)—D. The total payoff if the project is liquidated is W (L), since the wage has priority over the
debt. The total surplus of the successful bargaining is 6+ f(1) — D —W (L). Given bargaining power
distribution (¢, 1—¢), the tech worker can bargain for herself W (L)+(1—¢)*(0+ f(1)—D—-W (L)).
For the contract to be renegotiation-proof, the compensation function has to satisfy W (L) <
We+f(1) <Q—-¢)W(L)+(1—¢)*x(0+ f(1)—D). As proved in appendix, W (L) = 0. Therefore
the optimal renegotiation-proof compensation contract under debt financing solves the following

problem, if it specifies ¢ = (4,1 — ¢): (denoted as problem (D))

miny EW (X)

st. BEUW)|g=1—-V(C)>U (IR)
EUW)|g=1 —V(C) > EUW)|g=0 (IC)
W@+ f(1)) <0+ f(1) - D) 0 = O, O, (RPD)
W(X) > 0
W(L) = 0

I denote the optimal compensation vector W under equity financing as W (¢), the optimal

compensation under debt financing W};(¢). They are the solution to the problem (E)and problem
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(D), respectively. Note these two problems are the same except for (RPE) and (RPD). Since L < D,
it is evident that the renegotiation-proof constraint under debt financing is more stringent than the
renegotiation-proof constraint under equity financing, given each bargaining power distribution.
Therefore the optimal solution under equity financing is always (weakly) better than that under

debt financing.

Proposition 1 (Optimality of equity financing) Given any bargaining power distribution, the
expected compensation to the tech worker is less under equity financing than under debt financing,

i.e. EW}(¢) < EW}(¢).

Proposition 1 tells that equity financing makes possible better risk sharing between the share-
holders and the tech worker. Ideally, the risk-averse tech worker should not bear any risk. Perfect
insurance is not feasible here since the human capital investment cannot be monitored and can only
be encouraged by linking pay to output. That is the theme of the standard principal-agent theory.
The contribution of this paper is to point out that the contracting problem is subject to one more
dimension of incompleteness, that is, the continuation decision is at the shareholders’ discretion
and is not contractible. To reduce the shareholders’ incentive to hold up the tech worker, the com-
pensation level in some states have to be kept low to give the shareholders incentive to continue the
project. To compensate low wages in some states, the wages in good states have to be higher. The
tighter the constraint on the wages in the states where hold-up problem might arise, the riskier the
compensation structure will be. Debt financing therefore leads to riskier compensation structure
High risk premium is required under debt financing. Debt causes social inefficiency because of bad
risk-sharing. It also results in lower expected payoff to the shareholders.

My model concludes that equity financing is optimal for a human-capital intensive firm. Of
course, the author recognizes that debt has its own advantages in increasing the firm value. For
example, it provides tax shield; it can also discipline stealing managers, etc. These advantages are
not modeled in the paper because they are not new insights. This paper points out one particular
disadvantage of debt, i.e., it causes difficulty in incentivizing human capital investment. The paper
argues that this problem is severe where human-capital investment is important. The optimal

capital structure trades off the goodness and badness of debt and my model implies that human-
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capital intensive firms should use less debt, ceteris paribus.

Another result T obtain by examining both problem (E) and (D) is that the optimality is less
constrained the less ¢ is, under any capital structure. That is, it is in the shareholders’ ex ante
interest to give the tech worker full bargaining power if renegotiation occurs. One way to commit
to ¢ = 0 is to specify that if the entrepreneur initiates renegotiation, the tech worker will make a
take-it-or-leave-it offer. The entrepreneur will either take the offer and the new contract will be
enforced, or, the renegotiation breaks down and the entrepreneur will make continuation decision
rationally and the initial contract will be enforced according to the final output. I hence obtain the

following proposition.

Proposition 2 (Optimality bargaining power distribution) Under any capital structure, the
shareholders’ expected payoff is higher if the contract specifies a renegotiation form that corresponds
to ¢ = (0,1). One way to do that is to specify that in event of renegotiation, the tech worker gets

to make a take-it-or-leave-it offer.

Giving full bargaining power to the tech worker is again to make the renegotiation-proof con-
straint less tight so that the compensation structure can be as smooth as possible. Better risk
sharing could be achieved by granting a less risky compensation to the tech worker. S smoother
compensation structure also means less risk premium required and higher expected payoffs to the
shareholders.

It is shown in the proof for proposition 1 that W (6, + f(0)) = 0 and W(6,, + f(1)) = 0
since they are both on the off-equilibrium path. Therefore only W (0,, + f(1)) and W (60, + f(1))
could be positive in equilibrium. I denote them as W" and W™, respectively. Figure 3 helps to
demonstrate the intuition of the above two propositions. The convex curve in the W-W™ diagram
is the tech worker’s indifference curve, say at the reservation utility level. Each parallel straight line
with negative slope represents a certain expected compensation level. That is, each line represents
the function of p * Wy, + q x W, = EW, where EW is the constant expected compensation level.
The expected compensation level increases when the line moves toward the north-east direction.
Without any restriction on the compensation levels in both states, the point that has the lowest

expected compensation on the tech worker’s indifference curve is its intersecting point with the 45°

23



line. This means that the smoothest compensation structure requests the lowest risk premium. As
the expected compensation increases, the expected payoff to the shareholders decreases. The line
with expected compensation level of EW represents the highest risk premium the shareholders can
afford. The project will have negative NPV to the shareholders if the tech worker is paid at a higher
level. As described in the model, the potential hold-up problem between the shareholders and the
tech worker might put a upper limit on the compensation levels. Suppose only the constraint on
W™ is binding and the constraint is that W™ < Wj. That is, only the region left of the vertical
line W™ = W is feasible. As shown in the graph, the tech worker has to be paid more than EW.
As the vertical line moves to the left, the more distant the solution is from the 45° line the higher
expected compensation the tech worker will be paid. This means the more stringent the constraint
is, the riskier the compensation structure and the higher risk premium the shareholders have to
pay. At some point, e.g., if W™ < Ws, the risk premium required is too high that the shareholders
will give up the project. This scenario will be demonstrated by the numerical example below.

Figure 4 displays the relationship between the expected payoff to the shareholders and the debt
value. The two curves in the graph represent two projects respectively. 1 assume the projects are
such that there will be no capital underinvestment so that the face value of the debt will be at most
D = %. For both projects, the shareholders’ payoff (weakly) decreases with the debt level,
because they have to pay higher and higher expected compensation to the tech worker. During
the range when the debt is riskfree, i.e., when D < L, the feasible set of the renegotiation-proof
contracts is the same as under pure equity. When D > L, the feasible set in general decreases
with D. The risk-premium required by the tech worker is higher and the expected payoff to the
shareholders is lower. For the curve on the right, the project still pays something to the shareholder
even if it takes pure debt financing. The other project is such that even if there is no distortion in
the continuation decision, the risk premium associated with high level of debt is so high that the
project will yield zero payoff to the shareholder and therefore they will not take the project in the
first place.

The main principle and the scenarios discussed above may be better clarified by the following

the numerical example.
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4.3 Two numerical examples

Suppose the project needs investment of I = 100. Its liquidation value will be L = 50 on date 1.
The tech worker has a utility function of U(W) = 300W — W2 and a zero reservation utility. The
cost of high human capital investment is C' = 20. Assuming V = U. the utility cost of making
the investment is V(20) = 5600. 6, = 200, 6,, = 80 and # = 0, with probability of 0.2, 0.6 and
0.2, respectively. The human capital value is f(1) = 50 and f(0) = 0. Given that the tech worker
makes the high human capital investment, the final cash flow if the project is continued is 250,
130, 50 in high, medium and low state, respectively. If the tech worker does not make high human
capital investment, then the continuation value of the project is 200, 80 and 0 respectively.

Under the first best, the project will be continued in both medium and high states and the tech
worker will make H = 1 since 0.8 * 50 > 20. Then the NPV of the project is 18. If H = 0, even if
the continuation decision is not distorted, the project has a NPV of (-2) and therefore is not worth
taking.

Under equity financing, the optimal compensation contract will specify that W = 0 if X = 200,
80, 0 or 50. That is, W = 0 if it can be inferred that H = 0 or the project is liquidated.
The optimal W* solves the following problem: miny 0.2W(250) 4+ 0.6W (130), st. 0.2U (W (250)) +
0.6U (W (130)) > 5600 and W (130) < 130—50 = 80. The solution is that W (250) = W(130) = 25.5.
That is, the renegotiation-proof constraint is not binding under equity financing. The expected
compensation is 20.4 and the risk premium (which is inevitable in the second best) is 0.4.

Under debt financing, debt could be paid back in both medium and high states. Therefore it
has a face value of 112.5. The optimal compensation contract will solve the following problem:
miny 0.2W(250) + 0.6W(130), st. 0.2U (W (250)) + 0.6U (W (130)) > 5600 and W (130) < 130 —
112.5 = 17.5. The solution is that W (250)53.4, W(130) = 17.5. The expected compensation is
21.18 and the risk premium is 1.18. In this case, the renegotiation-proof constraint is binding. The
compensation level has to be no larger than 17.5. To make it up, the shareholders have to allow
for much higher compensation in the high state.

In the above example, the shareholders pay a higher risk premium under debt financing than

under equity financing. But in equilibrium, there is no distortion in the continuation decision and
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no human capital underinvestment. The only inefficiency comes from worse risk-sharing between
the parties under debt financing. If I modify the example slightly, it is shown below how failure to
incentivize the human capital investment will lead to failure of the whole project.

The only modification I will make to the above example is to make 6, = 68.5 instead of 80.
Under first best, the project has a positive NPV of 11.1. It can be verified that under equity
financing, W(250) = W(118.8) = 25.5 is still the optimal solution. Under debt financing, the
renegotiation-proof condition becomes W (130) < 118.5 — 112.5 = 6. Even if the shareholders pay
all the available cash flow net of debt to the tech worker, it is not adequate to incentivize her.
This is because 0.2U (250 — 112.5) + 0.6U(6) < 5600. Therefore H = 0. Given that the human
capital investment is not adequate, the project is not profitable and will be abandoned. The tech
worker with the quadratic utility function has very reasonable risk aversion. The project has a
decent positive NPV (11.1-0.4=9.7 to the shareholders) under equity financing. The debt level is
such that by itself, it will not lead to distortion in continuation decision. However, the incentive
problem caused by debt financing is so severe that it will lead to underinvestment in human capital,

which in turn will lead to capital underinvestment.

4.4 Risk-neutral tech worker

In my base model, I study the case when there is no distortion in the continuation decision and
no underinvestment in human capital in the equilibrium. I show that even if the firm value is not
affected by capital structure under debt financing, the shareholders receive a lower expected payoff
because of bad risk-sharing with the tech worker.

But debt financing can reduce firm value by distorting the shareholders’ continuation decision.
Myers’s (1977) seminal work shows that when the debt level is too high, the shareholders will
underinvest in the project because there is nothing left for them. If that is the case, it imposes
stronger constraints on the compensation contract the shareholders can promise the tech worker.

Suppose 0, + f(1) < D. No matter what W™ is, the shareholder will not continue the project in
the medium state. This is Myers’ underinvestment problem and it will reduce the firm value. This
paper points out that Myers’ underinvestment may also lead to underinvestment in human capital.

Myers’ underinvestment may not lead to the demise of the project, but the underinvestment in
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human capital may in firms where human capital investment is very important.

Given that the project will not be continued in both low and medium states, the shareholders
can make the tech worker invest H = 1 only if the following is true: pU(6y + f(1) — D) > V(C).
If this condition does not hold, the tech worker will not invest in high human capital. In this
case, debt financing not only makes the compensation very risky (because positive compensation
is only given in the high state), it also reduces the number of states that the shareholders can use
to provide incentives.

The last intuition also holds if the tech worker is risk neutral. If the tech worker is risk neutral,
the issue of risk-sharing is gone. If there is no distortion in the continuation decision, the firm can
always incentivize the worker to make high human capital investment under a profitable project.
However, if the debt level is so high that it will lead to underinvestment on the shareholders’ part,
then it leaves few states available in which the shareholders can make judgements about the tech
worker’s human capital investment and reward her accordingly. If all the ezpected cash flows in
those good states are not enough to compensate her for taking high human capital investment,
then underinvestment in human capital will occur. In my model, if p(6, + f(1) — D) < C, then
underinvestment in human capital occurs.

In this section, I demonstrate the disadvantage of debt in incentivizing the non founder tech
worker’s human capital investment. Even if debt does not lead to inefficiency in either capital
or human capital investment, debt causes inferior risk-sharing between the shareholders and the
risk-averse tech worker. This results in a higher risk premium paid to the tech worker and a lower
expected payoff to the shareholders. Sometimes the risk premium required is so high that it will lead
to underinvestment in human capital, which will in turn lead to capital underinvestment. Finally, I
show that if debt level is so high that distortion to the continuation decisions occur, it leaves fewer
states to compensate the tech worker and that might lead to underinvestment in human capital as

well. This also holds in a risk-neutral world.
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5 The entrepreneur’s human capital, capital structure and options

The entrepreneur’s human capital could also be very important to the firm value. In this section,
I relax the assumption that the entrepreneur’s human capital is not subject to incentive problems.
Thus I cannot take for granted the input of the entrepreneur’s human capital, and need to analyze
the effects on it of financing decisions.

The entrepreneur’s incentive differs from that of the tech worker in the following important way:
the entrepreneur’s H investment is always equal to 1. The entrepreneur specializes in the project
before she seeks financing. As the founder of the firm, she specializes in the process of coming
up with the business or product idea. The entrepreneur in the model can also be interpreted as a
manager in an existing firm who makes business decisions on the new project. It is also reasonable
to think that she makes her specific investment in the project during the time she studies the
project to decide whether or not to take the project. Therefore I assume that it is only her effort
in the second period that may be subject to incentive problems.

To include the extra factor of the entrepreneur’s human capital, I modify the model in the
following way. Denote the entrepreneur’s conversion effort in the second period as e. The cost of
e is v(e), which is an increasing and convex function with ©(0) = 0, the entrepreneur’s conversion
effort increases the final payoff by g(e), i.e. X =0+ f(H) + g(e), where g(e) is an increasing and
concave function.

Since the entrepreneur’s investment in H is always 1, I focus my analysis on the second period.
Taking the tech worker’s renegotiation-proof contract as given, the residual cash flow left to the
shareholder is 8 + f(1) + g(e) — W in the second period.

Under debt financing, the entrepreneur is the sole shareholder. The entrepreneur’s maximizing
problem is:

max 0+ f(1) +g(e) —v(e)

The first order condition:
g'(e) =1V(e)

Under equity financing, the entrepreneur needs to share her human capital value with the
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outside shareholder. Holding « share of the equity, the entrepreneur’s maximization problem is,
max (0 + f(1) +g(e) - W) —v(e)

The first order of condition is:

ag'(e) =v/(e)

The entrepreneur will exert more efforts under debt financing than under equity financing, since g(-)
is a concave function and v(-) is a convex function. Under debt financing, all the marginal benefits
of e accrues to the entrepreneur herself. Under equity financing, she has to share those marginal
benefits with the outside shareholder, while bearing the cost of exerting effort alone. Therefore,
debt financing is better suited to induce more human capital input from the entrepreneur.

In reality, it is not always true that levered firms have higher concentrated ownership. However,
the above analysis applies in general in the following sense. Levered equity is cheaper than unlevered
equity. Given the entrepreneur’s wealth constraint, she is able to obtain a higher share of the
levered equity than the unlevered equity. This helps to better align her incentives with the outside
equityholders.

Debt financing and equity financing differ in their capacity to incentivize the entrepreneur and
the tech workers. Whether or not it is optimal to use debt or equity financing depends on the

following factors:

1. How important are the pecuniary incentives to the entrepreneur. It is reasonable to think
that if the person who makes business decision on the project is also the founder of the firm,
she will put less weight on personal monetary reward than on the success of the firm or the
firm value. Therefore it is predicted that everything else equal, if the decision-maker of the
firm is also its founder, more equity will be used. The following comparison might help to
make the case: Microsoft and IBM are both high tech and well-established mature firms.
However, the founder of Microsoft, Bill Gates is still the main decision maker at Microsoft
while IBM’s founders are gone. Microsoft has zero debt while IBM has a debt to equity ratio
of 1.3. Similarly, the founders of Sun Microsystems and Dell are still calling shots in these

firms and the firms have very low debt equity ratios.

29



2. The relative importance of g(e) and f(H). Again, this comparison stresses the main theme of
this paper. That is, the more important the broad-based human capital is, the lower leverage

the firm should use.

3. The cost function of specialization C'. If the cost of specialization is high, it is important to
provide enough incentives to the tech worker by all means. Therefore, equity financing is given
higher preference. Other than individual or firm-specific factors, there are also industry or
economy-wide factors that might affect this cost function. Recall that the cost of specialization
not only represents the time and energy needed to gain the firm-specific knowledge, but also
includes the opportunity costs related to specialization. I would imagine that such opportunity
costs are particularly high when the whole economy or the industry is doing well and there
are a lot of alternative employment opportunities. Therefore, according to my analysis, good

times will witness more equity financing.

5.1 Managerial stock options and incentives

Granting stock options to top managers has become very popular since 1990s. Advocates of this
practice praise its effectiveness in aligning the managers’ incentives with that of the outside eq-
uityholders. Of course, letting managers hold stocks will serve the same purpose. Options differ
from stocks in many respects due to its convex payoff structure. For the purpose of the analysis in
this setting, letting managers hold stock options has at least one advantage over letting them hold
equity, that is, stock options are cheaper. Given a manager’s fixed wealth, she can purchase more
shares of stock options than shares of stocks. Or, equivalently, the firm can grant her more shares
of options at the same costs.

In last subsection, I discuss how debt can make equity cheaper and enable the entrepreneur
or the manager to hold a larger share of the firm, so that she will be better aligned with the
outside equityholders. On the other hand, debt has disadvantages in incentivizing the tech worker.
Granting stock options to the entrepreneur in an all-equity firm seems to be a natural remedy to
this conflict. Debt is not present so the tech worker is better incentivized. At the same time, the

entrepreneur can hold a larger share of the firm in good states, and will want to exert more of her
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own human capital. But as the saying goes, “If it seems to be too good to be true, it is probably
not true.” Options, as they allow the entrepreneur to hold a larger share of the firm in good times
and therefore encourage her to work hard, makes her incentives different from the equityholders’
before the conversion.

Suppose the entrepreneur uses all equity to finance the project on date 0. Instead of holding a
certain share of the equity, the entrepreneur could hold stock options. The options mature when
the final cash flow X is realized, that is, on date 2 if the project is continued, on date 1 if the project
is liquidated. The strike price of the options is K. If K = 0, then the entrepreneur holds equity.
Suppose these options are exercised, the entrepreneur will hold n share of the firm, n € (0,1) .
Given that the entrepreneur will be granted a fixed value of options, n is an increasing function
of K, i.e., n = n(K) and n/(-) > 0. This means that the higher the strike price of the options,
the cheaper each share of option. Therefore, more options will be granted to assure that the same
value of options are given.

I study the incentive implications of options in two periods. Suppose the project is continued
into the second period. The final cash flow will be equal to X = 6 + f(1) + g(e). The tech worker
will be rewarded with W (X), as specified in the renegotiation-proof contract. The entrepreneur
is entitle to n * (X — W — K). Note that it is the entrepreneur who has made the continuation
decision. The fact that she has continued the project means her options are worth something under
continuation, i.e., X — W — K > 0. The entrepreneur optimizes her utility by choosing her effort
level, i.e., she

max n(@+ f(1) +gle) =W — K) —v(e)

The first order condition is:

ng'(e) = /'(e) (5-1)

Denote the solution to equation 5.1 as e*. This means that if the entrepreneur holds n of the
firm, she will exert effort at a level of e*. It is easy to show that % > 0. The more options the
entrepreneur holds, the better the entrepreneur is incentivized and will provide more of her human
capital. Since n/(K) > 0, it is also true that g% > 0. Given the entrepreneur’s fixed wealth (or

a certain amount of costs the firm is willing to spend), the way to let the entrepreneur hold more
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options is to increase the strike price of her stock options and make the options cheaper. Therefore
increasing the strike price encourages the entrepreneur to work harder in the second period.

The strike price of the stock options, however, also affects the entrepreneur’s continuation
decision and therefore affects the optimal renegotiation-proof contract. Figure 6.6 shows the payoffs
to the three parties when the entrepreneur holds options with a strike price K, and a number that
if converted, entitles the entrepreneur to n share of the firm. The left column displays the payoff
structure if the project is continued, in either medium or high state (§ = 6,, or ). The right
column displays the payoff structure if the project is liquidated. Figure 5a presents the payoff to
the entrepreneur and the outside shareholders as a whole, while Figure 5b presents the payoff to
the entrepreneur and the outside shareholders separately.

Unlike in the base model, the entrepreneur is not perfectly aligned with the outside equity
holders for two reasons: (1) I relax the assumption that her incentives are not subject to monetary
concerns. She shares the cash flow with the outside shareholder but bears all the cost of providing
human capital. Therefore she will not exert as much effort as in the case where she is the sole
shareholder. (2) She is now holding stock options instead of straight equity. Because of the
convex payoff of the options, she can only share the upside of the cash flow distribution. The
entrepreneur will continue the project only if her own payoff under continuation is not worse than

under liquidation. Assuming K > L.,° she will continue the project if the following is true:
n@+ f(1) +g(e) - W —K) —v(e) >0

where 0= 60,,, 0,. The renegotiation-proof constraint on W becomes:

W <0+ f(1) — K +gle) - %I/(e) (5.2)

Denote the right hand side of inequality 5.2as F(n). It can be shown that F'(n) = Ugle;) —K'(n).

vle)

nz> < K'(n), increasing the number of options grants will tighten the

During the range where

continuation decision. As discussed in the base model, tight renegotiation-proof constraint leads to

5If K < L, the entrepreneur will always convert her options and her incentive will be the same as she is holding
equity on date 1.
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inferior risk-sharing between the shareholders and the tech worker. If the renegotiation constraint
is too tight, it might lead to underinvestment in human capital and/or capital underinvestment.

Interpreting the entrepreneur as the top managers in the case of mature firms, granting stock
options to managers can be a two-edged sword. On the one hand, it enables the managers to hold
more share of the firm in good times, thus encouraging them to work hard during those times. On
the other hand, it raises the bar over which the managers will continue the project. If the value
created from the first effect is not as large as the continuation hurdle increase, granting options
will render the non-management tech worker’ compensation riskier and hurts the tech workers’
incentive to specialize in the project.

The analysis in this section has the following implications. In traditional firms where only the
top managers’ human capital is important, granting stock options to them have positive incentive
effects. However in firms with broad-based human capital, it is not clear that granting options to
top managers will always increase firm value. I therefore predict that the option component in top
management compensation should be lower in human-capital intensive firms.

In contrast, it is a good idea to grant options to non manager tech workers. Suppose the tech
worker needs to exercise effort in applying her human capital in the second period. Letting her
hold either stocks or stock options will encourage her to work harder. As discussed before, granting
options is a cheaper way to align her more closely with the shareholders. On the other hand,
the tech worker is not the business decision makers. Therefore options will not have the negative

incentive effect on her.

6 Empirical test

In this section, I test two hypotheses that are predicted by my theory: one, human-capital intensive
firms tend to have low leverage. If this is true, I should observe a significant and negative cross-
sectional relationship between leverage and variables that indicate human-capital intensity, after
controlling for other factors that might affect capital structure choice. Second, the more specific
the firm’s assets are, the stronger this negative relationship is. It is reasonable to assume that

the more the firm’s assets are, the more specific human capital is needed. Specific human capital
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cannot be easily transferred to other firms and therefore the employee has less incentive to make
investment without proper compensation from the original firm.

The two regressions used to test the above two hypotheses are: for hypothesis one,

=a+ 5 HCH X (6.3)

| O

where D is the debt value and A is the asset value and % is the firm’s leverage ratio, HC' is a proxy
for human capital intensity and X is a vector of control variables. My theory predicts that 3; be
significantly negative.

For hypothesis two,

=a+ B1HC + B3SP + B3HC x SP + 84X (6.4)

| T

In this regression, I add two more regressors. SP is a measure for firm specificity. I will discuss
the possible candidates in section 6.6. More importantly, the other new regressor is the cross term
of human-capital intensity proxy and firm specificity measure. In this setting, the partial derivative
of leverage on HC is 1 + 3 * SP. If my second hypothesis is true, i.e., the more specific the
firm assets are, the stronger the negative relationship between leverage and HC', then 83 should be

significantly negative.

6.1 Proxies for human-capital intensity

To test both hypotheses, I need measures for human capital intensity. I construct three proxies
for human-capital intensity for my regressions. The method is demonstrated below. A firm’s
production inputs can be classified into three categories: capital (hard assets), low-skill labor
and high-skill human capital. I denote the costs on the three types of inputs as C, C; and C},

respectively. The measure for human-capital intensity would be equal to m .5 Unfortunately,

5Conceptually, human-capital intensity could also be measured from the production side. Ideally, if I can measure
the product units that could be accrued to the three inputs, then I can measure the relative human-capital produc-
tivity. However, it is impossible to tear apart the product according to its input resources. High productivity, say, a
high per capita production amount, could be attributed to human creativity or to advanced machines.
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I cannot separate the cost of human capital and cost of low-skill labor with the data available. What
Compustat provides is the total labor costs, which is the sum of C, and C;. Even if Compustat
provided labor costs for different jobs, the decision as to where to draw the dividing line between
these two types would be subjective, given the descriptive nature of the definition of human capital.
It is widely agreed, however, that human capital, the high-skill labor, is more productive than low-
skill labor and therefore will be compensated at a higher level. A firm’s per capita labor costs
(denoted as c hereafter) should carry information about the relative importance between human
capital and low-skill labor. I make the additional assumption that the ratio of C) relative to

the total labor costs is proportional to the firm’s per capita labor costs, then the human-capital

intensity measure would be c%. I extend this expression to a Cobb-Douglas function as
follows: CQ(M)O_Q). It is hard to tell what “the” correct « value should be. Therefore I

Cp+C1+Cy,
will vary « to check the robustness of the results.

I measure the human-capital intensity with a Cobb-Douglas function of two factors: one is
the per capita labor costs and the other is the ratio of labor costs to total costs (or the ratio
of labor costs to capital costs, since there is a one-to-one mapping between the two). Besides
salaries and wages, the data item of labor costs in Compustat also includes incentive compen-
sation, pension costs and other benefits plan, payroll taxes and profit sharing. With different
relative labor costs measures, I obtain three human-capital proxies. They are: proxy 1 (de-
noted as HCI1): (per capita labor costs)®( labor costs )1=2) proxy 2 (denoted as HCI2):

capital expenditure

(per capita labor COStS)a(cost;a}))fog(;:gcslgssol d)(l_o‘), proxy 3 (denoted as HCI3):
labor costs (1—a)
)

net PPE(Property, Plant and Equipments

(per capita labor costs)®(

6.2 Data description and regression specifications

I obtain accounting data between year 1962 and year 2000 from the annual Industrial Compustat
database. As standard practice, I exclude commercial banks (Standard Industrial Classification
(SIC) codes from 6000 to 6100) and utilities (SIC codes 4900 through 4999) because these are
regulated industries. A firm-year observation is included if it contains enough nonmissing variables
to run at least one regression as specified below. For example, I have four measures of leverage

and three measures of human-capital proxies. For an observation to be included, it has to have at
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least one measure of leverage and one proxy of human-capital intensity not missing, besides having
all other control variables available. The sample thus contains 5290 observations. (The number
of observations used in each regression varies a little bit under different measures of leverage and
human-capital intensity proxies.) I also perform the same analysis including the regulated firms
and the results (not reported) remain qualitatively the same.

The sample size is significantly reduced due to the lack of data on labor costs, which is needed
to construct proxies of human-capital intensity.” This item is voluntarily disclosed. According to
Ballester, Livnat and Sinha (2001), only 10% of firms in Compustat consistently identify labor costs,
another 30% report these costs in some but not all years. Larger firms, firms in less concentrated
industries and firms in labor-intensive industries tend to disclose labor costs more often.

Compustat contains only publicly-traded firms and does not have data on private firms or
startup firms. That biases my sample toward large firms and relatively mature firms. The data
requirement of labor costs further tilts the sample in that direction, for the reason described above.
Two questions might arise: one, does my theory apply to large and mature firms? Two, can the
results of the test on large firms be applied to other firms?

It may be argued that my theory is less applicable to large firms because there are people
in different stages of their human capital development in a large firm and the effects tend to be
canceled off. However, capital structure is the cumulative outcome of past financing decisions. Each
time a firm starts a new project that needs to be financed, its employees may need to build human
capital specific to that project. Therefore the incentive problem as described before presents itself
in the financing decision. Thus, human-capital intensity is a determinant for financing method in
each financing round. It must also drive (in the same direction as it does on each financing round)
the accumulation of the financing decisions, the capital structure.

Because the sample is biased toward large and public firms, there is a chance that the results
of this test might not apply to small and private firms. But to the extent that the argument is
true, that there is less noise in applying my theory to small startup firms since most employees

are probably in the same stage of human capital development cycle, supporting evidence obtained

"There are 49645 observations that contain nonmissing variables other than human-capital proxies. After imposing
the requirement that at least one human-capital intensity proxy can be calculated, there are only 5290 firm-years left.
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from tests using large firms suggests stronger results.

Table 1 lists the dependent and explanatory variables in my capital structure regressions. Four
measures of leverage are used in this study. They are long-term debt and total debt divided by
book value of assets and market value of assets. The market value of assets is defined as book value
of assets minus book value of common equity plus market value of common equity.

The proxies of human-capital intensity are the focus of interest of the analysis. However, as is
well known, there are other factors that affect capital structure. Harris and Raviv (1991) present
a nice survey on both theoretical and empirical studies on determinants of capital structure. Here
I follow Berger, Ofek and Yermack (1997) to include the following fairly comprehensive list of
variables that the literature expects to affect capital structure. Results by varying control variables
are discussed in the robustness check.

Myers (1977) describes how shareholders might invest suboptimally given debt obligations. This
is often interpreted as a reason that growth firms should be financed with equity rather than debt.
Two measures are used to control for firm growth opportunities, Tobin’s Q and R&D expenses.
Tobin’s Q is measured as the book value of assets minus book value of common equity plus market
value of common equity, divided by book value of assets. R&D expenses are standardized by sales.

Conventional wisdom predicts that firms can borrow more debt if it has more assets that can
be collateralized. See Brealey and Myers for more discussion. The collateral value of assets is
measured by the ratio of net property, plant and equipment plus total inventories over assets.

Titman (1984), Jaggia and Thakor (1994) predict that the more specific a firm’s assets are, the
less debt the firm should use. Titman and Wessels (1988) use two measures for firm’s specificity:
selling, general and administrative expenses (SGA) and R&D expenses. They are standardized by
sales.

DeAngelo and Masulis (1980) argue that the tax shield value of debt depends on the availability
of non debt tax shields in a firm and its need for tax shields. The more non debt tax shield there
is, the less debt is needed. I control for non debt tax shield by using investment tax credit over
assets. Profitability is a measure for the need for tax shield. The more profitable a firm is, the
more debt is valuable in providing tax shield.

However, according to the pecking order theory of capital structure, more profitable firms will
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use less debt. Myers (1984) and Myers and Majluf (1984) study the firm’s capital structure choice
in an asymmetric information setting. If the firm’s managers or existing shareholders know more
about the firm than the new financial investors, issuing equity could send a bad signal about the
firm value. Therefore the firm would prefer to use internal funds first, then issue debt and finally
issue equity. A profitable firm has less need to borrow. See Shyam-Sunder and Myers (1999) and
Fama and French (2000) for more discussion on the contrasting predictions of the pecking order
theory and the trade-off theory of capital structure. I measure firm profitability with earnings
before interest, depreciation and tax (EBITDA) over assets value.

Finally, firm size is included as a control variable. Large firms tend to be less volatile. The
bankruptcy risk is therefore lower and hence supports more debt. Smith and Watts (1992) and
Fama and French (2000) discuss size effect on capital structure. I measure firm size by using the
logarithm of assets.

Table 2 displays the correlations between all the explanatory variables in the sample. The three

proxies for human-capital intensity have low correlation with other explanatory variables.

6.3 Univariate tests

Before I present the multiple regressions, in this section I present the univariate comparisons of
firms’ leverage levels by quartiles of human-capital intensity proxies. I am interested to know if
human-capital intensive firms, such as the firms in the fourth quartile, differ in leverage level from
those firms that are not human-capital intensive, such as the firms in the first quartile. I test the
hypothesis that leverage levels differ between firms in the fourth quartile and firms in the first
quartile with a t-test.

Table 3 displays the mean (and median values in the parentheses) leverage ratios in each quartile
of human-capital intensity proxies. In the last column, the difference of the mean value between
the fourth quartile and first quartile is calculated and the t-statistic is shown in the parenthesis
beneath. Since results are very similar for different values of alpha, I only present results with
a = 0.5. There are three panels in the table. Each panel’s quartiles are based on one human-capital
intensity measure. Under each human-capital intensity measure, all four measures of leverage are

compared between the fourth and the first quartiles. It turns out that the average leverage does

38



not always decrease monotonically across quartiles, so that comparing leverage between the first
quartile and the fourth quartile may not be sufficient to describe the relationship between the
leverage and human-capital intensity.

Leverage for firms in the first quartile of human-capital intensity differs significantly from that
of firms in the fourth quartile. The mean leverage level in the fourth quartile is always lower than
the mean leverage level in the first quartile. For all but one combination of leverage measures and
human-capital intensity proxies, the difference is significant at 10% level. The average magnitude
of difference is 3.5%, 4.6% and 7.9%, under each human-capital proxy respectively. For comparison,
I also run similar univariate tests based on quartiles of other capital structure determinants. As
documented in other empirical papers and shown in later part of this empirical test, the collateral
value of assets, firm profitability, R&D expenses and firm size have the strongest explanatory power
for leverage of all the control variables. On average (across different measures of leverage), the mean
leverage ratio in the fourth quartile of collateral value is higher than that in the first quartile by
7.6%. The mean leverage ratio in the fourth quartile of profitability is 14% lower than that in the
first quartile. The mean leverage ratio in the fourth quartile of R&D expenses is 7.2% lower than
that in the first quartile. The mean leverage ratio in the fourth quartile of firm size is 1% higher

than that in the first quartile.

6.4 Alternative regression models

I consider several regression methods to estimate model 6.3. They are Fama-MacBeth approach,
pooled OLS regression, between-firm regression and within-firm regression.

The first regression model uses the method presented in Fama-MacBeth (1973). With this
approach, the cross-sectional regression in equation 6.3 is run for each year and the significance of
the averaged coefficients is tested. The Fama-MacBeth regression eliminates the problem of serial
correlation of the error terms in a time-series cross-sectional regression. It effectively treats each
year as an independent cross-sectional regression.

Pooled OLS assumes independence across error terms and produces consistent estimates. The
GLS regression could be run if we take into account panel-heteroskedasticity and/or serial correla-

tion.
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The between-firm regression estimates the cross-sectional regression using the mean values of
the regression variables across sample years for each firm.

The last alternative regression model is the within-firm regression which adds firm dummies to
the pooled regression. The coefficients estimated from the within-firm regression are equivalent to
the coefficients from regressions using de-firm-meaned variables. This regression method tests the
relationship between the dependent variable and the independent variable over time for the same
firm as well as cross-sectionally, hence the name of the method.

Both the Fama-MacBeth model and the between-firm regression emphasize the cross-sectional
relationship, the former averages the results from the cross-sectional regression for each year and the
latter runs the collapsed cross-sectional regression. On the other hand, both the pooled OLS and
the within-firm regression test a regressor’s explanatory power both cross-sectionally and across-
years within the same firm. The within-firm regression allows for a different regression intercept
for each firm.

My theory predicts a cross-sectional relationship, that is, human-capital intensive firms tend
to have high leverage. It has less time-series predicting power. For one thing, firms might have
temporary workforce reduction for cost-saving purposes. This will lead to changes in the value of
my human-capital intensity proxies, but it does not necessarily change a human-capital intensive
firm to a non human-capital intensive firm, or vise versa. Therefore its financial structure does not
necessarily change either. There might be also environmental changes over time such as changes
in tax codes that will affect the capital structure choices independently of the factors I control in
the regression. Although T also find supporting evidence using the pooled OLS and the within-firm
regression, I prefer to focus on results from a cross-sectional method. I have the additional option
of studying and comparing each year’s results by using the Fama-MacBeth method, as opposed to
using the between-firm regression. Therefore the Fama-MacBeth estimates will be presented as my

main results. Regression results from other methods will be discussed as well.

6.5 Regression results

In this section I first analyze the results from the Fama-MacBeth regressions then display the results

from alternative regression methods. Under the Fama-MacBeth approach, the same cross-sectional
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regression is run for each year. I only include a regression if it has at least 30 observations. This
requirement excludes year 1962, 1963 and 1964 from the sample,® and leaves me with 36 years of
data (year 1965 to 2000). Each regression includes industry dummies, with an industry defined by
its first two-digit SIC code. Each regression also adjusts for heteroskedasticity with White’s (1980)
correction. The first three years of observations are added back in the alternative regressions.

Figures 2 and 3 display the histograms of coefficients and t-statistics of human-capital proxies
from yearly cross-sectional regressions. To show the distribution of these yearly regression results,
I put together the results of 1296 regressions (36 years * 4 measures of leverage * 3 measures of
human-capital proxies * 3 values of ). The coefficients are not all comparable across regressions.
However, the distribution of their signs can convey some information on whether or not my theory is
valid. The t-statistics are comparable. As can be seen from both figures, the regression coefficients
are overwhelmingly negative. In fact, 82% of the regressions have negative coefficients. Thirty-
seven percent of the coefficients are negative and significant at the 10% level. Among the positive
coefficients, only 4 out of 1296 are significant at the 10% level. Moreover, I also run a regression
of the t-statistic of each regression on the observation number of that regression. There is a
strong negative relationship between the two. It indicates that more reliable regressions with
more observations will likely display the negative relationship between leverage and human-capital
intensity.

Table 4 through Table 7 present the average coefficients of each set of 36 regressions (with fixed
measure of leverage, human-capital intensity proxy and «) and their t-statistics. T-statistics are
calculated based on the standard deviation of the 36 yearly estimates.

Each table has the same explanatory variables but a different measure of the dependent variable,
i.e., a different measure of the leverage. Table 4 displays results with the dependent variable as
the book value of long-term leverage; Table 5 with the market value of long-term leverage; Table 6
with the book value of total leverage and Table 7 with the market value of total leverage.

Each table contains three parts with different values of alpha, which is the power of per capital

(ChtC) y(i—a).

labor costs in the Cobb-Douglas function of human-capital proxy measures, i.e., co‘(m

Recall that in measuring human-capital intensity, I try to balance two considerations: one is the

8Each of these years contain 27, 19 and 22 observations, respectively.
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importance of labor against capital, the second is the proportion between human capital to low-skill
labor. The higher the value of «, the more confident I am that high values of proxies are associated
with firms abundant in human capital instead of low-skill labor. Column (1) - (3) display regression
results with human-capital proxies measured with o = 0.25, columns (4)-(6) with @ = 0.5 and the
last three columns with o = 0.75. Under each of these three parts, each column stands for regression
results run with one human-capital proxy.

The four tables display quite consistent results. In particular, the following results are true
under all measures of leverage. High collateral value leads to high leverage. This is consistent with
the conventional wisdom that a high collateral value implies lower bankruptcy costs and therefore
supports more debt. High level of R&D expenses are associated with low leverage. This is consistent
with two alternative theories, one is that R&D is a proxy for growth opportunity and that firms with
high growth opportunity tend to have low leverage; the other suggests that R&D is a measurement
of the uniqueness of firm assets and that firms with more specific assets tend to have low leverage
(Titman and Wessels, 1988). Highly profitable firms tend to have low leverage, which is consistent
with the results in Fama and French (2000). This result supports the pecking order theory which
predicts that firms will use internal funds first before seeking outside funds. It is inconsistent with
the static trading-off theory which states profitable firms needs more tax shield from debt. Firm
size also has strong prediction power for leverage. Large firms tend to have more debt. This could
be due to the fact that large firms are more diversified and the expected bankruptcy costs are lower.
The coefficients of the above explanatory variables are all highly significant.

The remaining three regressors other than human-capital proxies yield mixed results. Theories
predict that firms with high growth opportunity tend to have low leverage. As the most commonly
used proxy for growth opportunity, Tobin’s q is predicted to be negatively related with leverage.
Empirical papers such as Titman and Wessels (1988) find that it is negatively related to market
value leverage measures, but positively related with book value leverage measures. My results
from the OLS regressions, the between-firm regressions and within-firm regressions confirm their
findings. With the Fama-MacBeth regressions, I find that Tobin’s q is significantly negatively
associated with market value leverage measures, but it is also negatively associated with book

value leverage measures, although the coefficients are all insignificant. A big advantage of using
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debt is its tax shield value. If a firm has lots of non debt tax shield value, then the incentives to
using debt is reduced. Therefore it is predicted that high non tax shield leads to low debt. The
results found here are inconsistent with this prediction. With three measures of leverage, that is
the book value of total leverage, the market value of long-run and total leverage, the coefficients
of non debt tax shield are all insignificant and most of them are positive. Its coefficients under
the book value of long-run leverage are significant but all of them are positive. My interpretation
of this is that non debt tax shield simply does not have much explanatory power over leverage,
given the other regressors. SGA expenses is another measure for firm uniqueness and Titman
and Wessels (1988) predicts that it should be negatively associated with leverage. I find mixed
results for this regressor. With market value leverage its coefficients are mostly insignificant and
have mixed signs. With book value of long-term leverage its coefficients are positive and mostly
insignificant. With book value of total leverage most of its coefficients are significantly positively.
Thus, the relationship between leverage and SGA is not robust. As a matter of fact, SGA expenses
include R&D expenses and the two have a high correlation. T later drop SGA from my regressions
and confirm that does not change my main results.

The focus of the testing, of course, is the relationship between leverage and human capital
intensity and how robust that relationship is. The results on Table 4 to Table 7 show that there is
a negative relationship between leverage and human-capital intensity and this negative relationship
is very robust under different measures of leverage and proxies of human capital intensity. Out
of the 36 sets of regressions I run, all average coefficients of human capital intensity proxies are
negative and all but one are significant at the 10% level. Most of them are highly significant. °

In testing the significance of the averaged coefficients, the Fama-MacBeth method treat coeffi-
cients from each year’s cross-sectional regression with equal weight. It does not take into account
the strength or reliability of each regression. I address this problem by presenting a modified test.
In the Fama-MacBeth method, a t-statistic is constructed to be the averaged coefficient divided
by its standard deviation, which is the standard deviation of the coefficients divided by /(n), i.e.,

t , where X is the coefficient of a regressor from each yearly regression, X is the averaged

_ X
ox/ \/(n)
Tt is suggested that when R&D expenses are not reported, they are usually close to zero. I then run the same
regression setting R&D expenses to zero if they are not reported. I obtain similar results.
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coefficient, ox is its standard deviation and n is the number of regressions and equal to 36 here.

Under the modified Fama-MacBeth approach, I test the significance of the averaged standard-
ized (by standard errors of estimation) coefficients . Assuming normality and independence across
regressions, the averaged standardized coefficient is normally distributed with a mean of zero and a
standard deviation of 1/,/(n), if the null hypothesis is true that the independent variable does not
affect the dependent variable. Hence, the modified t-statistic is t = \/(n) (g) , where ox is the
standard error of X in each regression estimation. Under this modified approach, an insignificant
but large coefficient estimate will receive little weight in constructing the t-statistic, while it will
receive equal weight as other significant estimates in the original Fama-MacBeth approach. Table 8
displays the t-statistics for human-capital intensity proxies under various regression specifications.
In general, the results are even stronger than those under the original Fama-MacBeth approach.

I have shown that the coefficients of the human-capital are statistically significant. But how
much variation of leverage do they help to explain and what is their economic significance? The
univariate analysis in section 6.3 gives some idea to answer this question. Moving from the first
quartile of human-capital proxy to the fourth quartile, the average (across leverage measures) mean
leverage ratio drops by 3.5%, 4.6% and 7.9%, under each human-capital proxy respectively. These
numbers are comparable to the changes due to collateral value of assets, firm profitability, R&D
expenses and firm size.

To answer the question more directly, I calculate the ratio of regression coefficients times stan-
dard deviation of a regressor to the standard deviation of a leverage measure, as a direct measure
of variation explained by that regressor. These ratios do not add up to 1 across regressors because
they are ratios of standard deviation instead of variance. Table 9 compare this ratio across impor-
tant regressors under book (and market) value of long-term leverage and assuming o = 0.5. The
variation of the book value of long-term leverage explained by the three human-capital intensity
proxies is 11%, 12% and 17%, respectively. The variation of market value of long-term leverage
explained by the three human-capital intensity proxies is 10%, 18% and 29%, respectively. They
are very close to the explanatory ability of collateral value of assets and R&D expenses, and always
higher than that of firm size. The variation explained by firm profitability seems to be the highest.

But under the market capital structure, the extraordinary high variation explained by profitability
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is partially due to the positive correlation between profitability and the market value of equity.

I also examine the absolute changes in leverage ratios with a change of one standard deviation
of a human-capital intensity proxy. Results are displayed in Table 10. One standard deviation of
human-capital intensity proxies leads to changes in book value of long-term leverage by 3.2%, 3.5%
and 4.8%, respectively. The corresponding numbers for the market value of long-term leverage are
1.3%, 2.4% and 3.7%. Again, they are comparable with the corresponding changes due to the other
important capital structure determinants, with the exception of profitability.

Finally, I run the other three types of regressions discussed in section 6.4 and find supporting
results. Results are similar for different values of . They are also similar for the two measures
of book (market) value leverage. Hence I only present the results for the book (market) value of
long-term leverage ratio and for a = 0.5 in Table 11 (Table 12).

The first three columns of Table 11 and Table 12 contain results from pooled time series and
cross sectional regressions with dummies for year and industry. The next three columns show results
from between-firm regressions, with dummies for industry. The results from within-regression are
displayed in the last three columns. All t-statistics in the parentheses are corrected for heteroskedas-
ticity. I also try to adjust autocorrelation for the pooled OLS regressions and the within-regressions.
I run these two types of regressions assuming an AR(1) error structure and find strong supporting
results (not reported here).

I find supporting evidence in the alternative regressions. All the coefficients of human-capital
intensity proxies are negative. With the book value of long-term leverage, only one estimate is
insignificant at the 10% level and most of them are significant at 5% level. With the market value
of long-term leverage, there are 3 coefficients of human-capital proxies are insignificant at the 10%
level, one of which is on the borderline with a t-statistic of 1.63. Recall that I have applied the two-
sided test. It is a more strict test than the one-sided test, which is also valid given my theoretical
prediction.

Other than the consistent results for human-capital proxies, the three alternative methods also
produce consistent results for explanatory variables such as collateral value and profitability, whose
coefficients are mostly significant in all the regressions and have the same signs as in the Fama-

MacBeth approach. Unlike under the Fama-MacBeth approach, Tobin’s Q now displays significant
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and positive associations with book value of leverage measures and significant and negative asso-
ciations with market value of leverage measures. The coefficients of non debt tax shield and SGA
expenses have mixed signs under different regression methods and they are mostly insignificant.

We find strong and consistent results for both firm size and R&D under the Fama-MacBeth
approach. However, the current results are mixed. Coefficients of firm size are significantly positive
under OLS regressions and within-firm regressions. But under between-firm regressions, they are
insignificant with book value of leverage measures but positive and significant with market value of
leverage measures. R&D expenses are still negatively related with leverage in OLS and between-
firm regressions but are less significant than under the Fama-MacBeth approach. Under within-firm
regressions, while the coeflicients are significantly negative for market value of leverage measures,
they become positive and insignificant for book value of leverage measures. ' As discussed before,
this weakened impact of R&D could be due to the fact that temporary changes in R&D expenses
do not necessarily change the firm’s growth opportunity or uniqueness, neither do they change the
leverage.

To the extent that my proxies are good measures of human-capital intensity, I find that human-

capital intensity leads to low leverage.

6.6 Firm specificity and the impact of human capital intensity on capital struc-

ture

I estimate equation 6.4 in this section. I use two measures of firm specificity. !' The first one is
R&D expenses, which is already included in regression 6.3. The second one is Robert Parrino’s
(1997) correlation measure for industry homogeneity. It is fairly straightforward to use R&D as a
proxy for firm specificity. The more independent research a firm conducts, the more likely that it
produces unique products. For the details of Parrino’s industry homogeneity measure, please see
Parrino (1997). Given that the higher the correlation measure, the more homogeneous the industry

is and the less specific each firm within the industry, the less negative the relationship between

10This is also true for regressions without a human-capital intensity proxy.

171 considered another two measures for firm specificity: advertisement expenses (suggested by Long and Malitz
(1985)) and SGA expenses (suggested by Titman and Wessels (1988)). I found supporting evidence with these two
measures.
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the leverage and human-capital intensity should be. Note that R&D is a positive measure for firm
specificity while industry correlation is an inverse measure for firm specificity, i.e., higher industry
correlation means lower firm specificity. Therefore 83 in equation 6.4 associated with R&D should
be negative and f3 associated with industry correlation should be positive, to be consistent with
hypothesis two.

Table 13 and 14 display estimation results of equation 6.4 using Fama-MacBeth method. I only
show results with long-term leverage measures and assuming « equal to 0.5 for the human-capital
intensity proxies. Results associated with alternative independent variables and alternative o values
are similar.

In Table 13, the firm specificity is measured by R&D. The cross-term coefficients for both
human-capital proxy 1 and 3 are significant and negative at 10% level, as predicted by hypothesis
two. The cross-term coefficients for human-capital proxy 2 have mixed signs and are not signifi-
cantly different from zero. The coefficients for human-capital intensity proxies themselves remain
significantly negative, with one exception. Interestingly, the coefficients of R&D itself become
mostly insignificant.

In Table 14, firm specificity is measured by industry correlation. As predicted by the second
hypothesis, the cross-term coefficients are all positive and significant at 1% level. The coefficients
of human-capital intensity themselves are negative and highly significant.

Another interesting aspect in this estimation is the coefficients on industry correlation. They
are all negative and highly significant at 1% level. By including a variable for industry homogeneity,
I also conduct a direct test of Shleifer and Vishny (1992) theory of capital structure. In that paper,
they take an equilibrium approach to study capital structure. The idea is that when a firm needs
to liquidate its assets, the potential buyers from the same industry might be experiencing financial
difficulty themselves and therefore cannot afford a high bidding price. As a result, concerns of low
liquidation value will make the firm use less debt. Shleifer and Vishny use stylized facts to support
their theory. But Table 14 provides evidence that supports it directly. The more correlated an
industry is, the more likely they will experience financial distress during the same period. That
means liquidation value will be low for firms in the industry when they need to sell. Therefore a

highly correlated industry should use less debt. The significant and negative coefficients on industry
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correlation in the capital structure regression support this theory.
In short, empirical tests support my theory that human-capital intensity is another important
capital structure determinant. The relationship between leverage and human-capital intensity

depends on firm-specificity.
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Table 1: Definition of Variables

Dependent variables

Definition

long-term leverage (book value)
long-term leverage (market value)

total leverage (book value)

total leverage (market value)

long-term debt= asset value

long-term debt-(asset value- book value of
common equity + market value of common eg-
uity)

(long term debt + debt in current liabilities)~+
asset value

(long term debt + debt in current
liabilities)- (asset value- book value of common
equity + market value of common equity)

Independent variables

Definition

q

collateral value of assets

R&D expenses
profitability

non debt tax shield
sga expenses

firm size

HCI1

HCI2

HCI3

(asset value- book value of common equity +
market value of common equity)-+ asset value
(net property, plant and equipment +
inventories)-+ asset value

research and development expenses—+ sales
earnings before interest, taxes and depreciation
= asset value

investment tax credits+ asset value

selling, general and administrative expenses+
sales

log(asset value)

labor costs )a-a)
capital expenditure

(per capita costs)®(

labor costs )(1—a)

3 «
(per capita. costs) (costs of goods sold

(per capita costs)o‘(larlbeotripcgséﬁs)(lfa)
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Table 2: Correlation of Explanatory Variables

This table displays the correlation between the explanatory variables in the regression model 6.3.
It is based on the sample of 5290 firm years from year 1962 to 2000 The probability that the
correlation is zero is shown in the parentheses.

q clatrl R&D profit taxshld sga firm size HCI1 HCI2 HCI3
q 1
clatrl -0.19 1
(0.00)
R&D 0.30 -0.28 1
(0.00) (0.00)
profit -0.39 0.15 -0.46 1
(0.00) (0.00) (0.00)
taxshld -0.08 0.27 -0.09 0.13 1
(0.00)  (0.00)  (0.00)  (0.00)
sga 0.42 -0.20 0.59 -0.48 -0.10 1
(0.00)  (0.00)  (0.00)  (0.00)  (0.00)
firm size -0.07 0.10 -0.09 0.22 0.01 -0.18 1
(0.00)  (0.00)  (0.00) (0.00)  (0.44)  (0.00)
HCI1 0.08 -0.35 0.16 -0.31 -0.18 0.13 -0.14 1
(0.00)  (0.00)  (0.48)  (0.00) (0.00) (0.00) (0.00)
HCI2 0.27 -0.31 0.39 -0.29 -0.08 0.40 0.00 0.53 1
(0.00) (0.00) (0.00) (0.00) (0.01) (0.00) (0.90) (0.00)
HCI3 0.14 -0.52 0.25 -0.31 -0.14 0.17 -0.14 0.80 0.49 1

(0.00)  (0.00)  (0.02)  (0.00)  (0.00)  (0.00) (0.00) (0.00)  (0.00)
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Table 3: Univariate Test

Univariate comparison of means and medians of leverage ratios by the quartiles of the
human-capital intensity measures. Median values are in parentheses. Calculations are based on
the sample of 5290 firm years from year 1962 to 2000. In Panel 1, the data is divided according to
the quartiles of human-capital intensity proxy 1. Panel 2 is based on the quartiles of
human-capital intensity proxy 2 and panel 3 is based on human capital intensity proxy 3. The
difference of the mean leverage ratio (or the human-capital intensity measure) between the fourth
quartile and the first quartile is calculated and the t-statistic is shown in the parentheses.

1st quartile  2nd quartile 3rd 4th difference
panel 1
HCI1 4.2082 7.4502 10.4253 17.5106 13.3025
(4.4119) (7.4512) (10.3691)  (15.0225)  (46.2685)
book long-term leverage 0.209 0.1742 0.1623 0.1662 —0.0428
(0.2023) (0.1753) (0.1592) (0.1392) (—2.8074)
market long-term leverage 0.1736 0.1643 0.1577 0.1367 —0.0368
(0.1547) (0.1544) (0.1382) (0.1146) (—7.3957)
book total leverage 0.2516 0.2196 0.2087 0.2198 —0.0317
(0.2439) (0.2204) (0.2031) (0.186) (—2.0374)
market total leverage 0.2082 0.2052 0.1997 0.1805 —0.0277
(0.1873) (0.1961) (0.1824)  (0.1521) (—4.887)
panel 2
HCI2 1.4871 2.2056 2.8521 4.7313 3.2442
(1.5728) (2.2012) (2.8304) (3.9763) (33.6349)
book long-term leverage 0.1955 0.185 0.1657 0.1654 —0.0301
(0.1859) (0.1843) (0.1628)  (0.1312)  (—1.9425)
market long-term leverage 0.1776 0.1804 0.1565 0.1173 —0.0604
(0.1601) (0.1717) (0.1408)  (0.091)  (—12.7228)
book total leverage 0.243 0.231 0.2081 0.2175 —0.0254
(0.2288) (0.2298) (0.2051)  (0.1868)  (—1.6118)
market total leverage 0.2221 0.2237 0.193 0.1545 —0.0676
(0.1975) (0.2124) (0.1754) (0.1289) (—12.3121)
panel 3
HCI3 1.9646 3.3133 4.5825 7.6619 5.6972
(2.0789) (3.308) (4.5478) (6.5261) (53.3222)
book long-term leverage 0.2255 0.1761 0.1643 0.1456 —0.0799
(0.2151) (0.1799) (0.165) (0.1183)  (—5.1501)
market long-term leverage 0.193 0.1695 0.1585 0.1108 —0.0822
(0.1705) (0.1647) (0.1435) (0.0901) (—16.95)
book total leverage 0.2684 0.22 0.2152 0.1961 —0.0723
(0.2533) (0.2229) (0.211)  (0.1626)  (—4.5672)
market total leverage 0.229 0.2095 0.2043 0.1504 —0.0786
(0.2034) (0.2014) (0.1921)  (0.1251)  (—14.2689)
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Table 8: Modified t-statitics in Fama-MacBeth regression

The table displays the modified t-statistics from the Fama-MacBeth regression. It is based on 36
yearly cross-sectional regressions (year 1965 to 2000) and a total sample size of 5222 firm years.
Each yearly regression includes dummies for industry, which is defined by the two-digit SIC code.
The modified t-statistics are calculated as the averaged standardized coefficients divided by /(n),
here 36.

Human-capital proxy « = 0.25 a=20.5 a=0.75

Panel A: dependent variable: book value of long-term leverage

HCI1 —6.2863 —7.5957 —9.1623
HCI2 —5.2022 —6.7244 —7.7842
HCI3 -9.0713 —10.7548 —10.9387

Panel B: dependent variable: market value of long-term leverage

HCI1 —4.0836 —5.1589 —6.5048
HCI2 —4.074 —5.3979 —6.3138
HCI3 —9.7936 —10.4862 —9.823

Panel C: dependent variable: book value of total leverage

HCI1 —6.0438 —7.7639 —9.7063
HCI2 —6.4814 —7.9647 —9.3526
HCI3 —7.9168 —10.126 —11.207

Panel D: dependent variable: market value of total leverage

HCI1 —3.8906 —5.269 —6.8066
HCI2 —4.9985 —6.281 —7.447
HCI3 -9.012 —10.1095 —9.845
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Table 9: Variation Explained by regressors

The table displays the variation of the leverage explained by important capital structure
determinants. The variation explained is calculated as the regression coefficient from the
Fama-MacBeth regression times the standard deviation of the regressor, divided by the standard
deviation of the dependent variable. The human-capital intensity proxies are calculated given
a=0.5.

book long-term leverage market long-term leverage

panell

HCI1 11.15% 10.31%
clatrl 8.09% 17.19%
profit 36.76% 81.38%
R&D 18.99% 27.96%
firm size 4.99% 9.32%
panel2

HCI2 11.98% 18.86%
clatrl 9.55% 19.21%
profit 35.18% 77.54%
R&D 15.32% 23.00%
firm size 6.24% 11.70%
panel3

HCI3 16.58% 29.36%
clatrl 5.19% 11.55%
profit 34.96% 76.94%
R&D 17.21% 21.65%
firm size 4.11% 7.29%
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Table 10: Change of leverage with change of regressors

The table displays the change in leverage ratios with a change of one standard deviation of
important capital structure determinants. The human-capital intensity proxies are calculated
given a = 0.5.

book long-term leverage market long-term leverage

panell

px1 3.23% 1.29%
clatrl 2.35% 2.16%
profit 10.66% 10.21%
R&D 5.51% 3.51%
firm size 1.45% 1.17%
panel2

px2 3.48% 2.37%
clatrl 2.77% 2.41%
profit 10.20% 9.73%
R&D 4.44% 2.89%
firm size 1.81% 1.47%
panel3

px3 4.81% 3.69%
clatrl 1.50% 1.45%
profit 10.14% 9.66%
R&D 4.99% 2.72%
firm size 1.19% 0.91%
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Table 13: Firm Specificity: R&D expenses

This table displays Fama-MacBeth regression results for regression model 6.4, with the firm specificity measured by R&D
expenses. It includes 36 yearly cross-sectional regressions (year 1965 to 2000) and a total sample size of 5222 firm years. Each
yearly regression includes dummies for industry, which is defined by the two-digit SIC code. Columns (1)-(3) contain results
with the dependent variable as the book value of long-term leverage. Columns (4)-(6) contain results with the dependent
variable as the market value of long-term leverage. Human-capital intensity proxies are measured with a = 0.5. T-statistics
are in the parentheses. R? shown here is the averaged R? from the yearly regressions.

book value of long-term leverage

market value of long-term leverage

Independent variable (1) (2) (3) (4) (5) (6)
q —0.009 —0.004 —0.0088 —0.0372*** —0.0349*** —0.0391***
(—0.9985) (—0.4196) (—0.9373) (—4.4331) (—4.2484) (—4.7269)
collateral value of assets 0.1213*** 0.1722*** 0.0797*** 0.12%** 0.1483*** 0.0814***
(3.7382) (8.698) (2.8611) (6.6402) (9.0139) (4.2913)
profitability —0.5986***  —0.5771***  —0.5692*** —0.5726***  —0.5524***  —0.5408***
(—10.7485)  (—10.1521)  (—10.0927) (—10.1485)  (—9.6419)  (—10.5113)
non debt tax shield 2.7413 3.6176* 3.0148* 0.3612 1.248 0.3077
(1.5216) (1.8189) (1.6474) (0.2544) (0.8485) (0.223)
sga expenses —0.0047 0.073** —0.0048 —0.0325 0.0215 —0.038
(—0.1072) (2.2182)  (—0.1408) (—1.1794) (0.8922) (—1.4257)
firm size 0.0062*** 0.0087*** 0.0055*** 0.0053*** 0.0068*** 0.0041***
(4.4327) (5.1842)  (3.5422) (4.2839) (5.2385) (3.8147)
R&D expenses —0.0431 —0.4491 —0.1118 0.0955 —0.3857* 0.1442
(—0.1157) (—1.2438) (—0.4677) (0.3739) (—1.7272) (0.6915)
HCI1 —0.0025** —0.0004
(—2.2068) (—0.3591)
HCI1*R&D —0.1057* —0.0707**
(—1.8746) (—2.3891)
HCI2 —0.0163*** —0.0117***
(—3.016) (—2.9791)
HCI2*R&D —0.0057 0.0367
(—0.0592) (0.6353)
HCI3 —0.0137*** —0.0103***
(—5.5084) (—3.597)
HCI3*R&D —0.1575* —0.1218**
(—1.8884) (—2.0571)
R? 0.5584 0.551 0.5535 0.5904 0.586 0.5888
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Table 14: Firm Specificity: Parrino’s measure for industry homogeneity

This table displays Fama-MacBeth regression results for regression model 6.4, with the firm specificity measured by Parrino’s
industry correlation measure. It includes 36 yearly cross-sectional regressions (year 1965 to 2000) and a total sample size of
5222 firm years. Each yearly regression includes dummies for industry, which is defined by the two-digit SIC code. Columns
(1)-(3) contain results with the dependent variable as the book value of long-term leverage. Columns (4)-(6) contain results
with the dependent variable as the market value of long-term leverage. Human-capital intensity proxies are measured with

a = 0.5. T-statistics are in the parentheses. R? shown here is the averaged R? from the yearly regressions.

book value of long-term leverage

market value of long-term leverage

Independent variable (1) (2) (3) (4) (5) (6)
q —0.0084* —0.0059 —0.0089* —0.0327***  —0.0317***  —0.0342***
(-1.7369)  (—1.1605)  (—1.8817) (=5.4056)  (—5.0205)  (—5.8483)
collateral value of assets 0.1598*** 0.1777*** 0.12%** 0.1353*** 0.1416*** 0.0944***
(12.4315) (14.6442)  (8.7185) (10.2011) (12.3312) (7.5153)
R&D expenses —0.6418***  —0.5972***  —0.4955*** —0.4876***  —0.4516*** —0.333***
(—6.7743)  (—5.8973)  (—5.0577) (-5.5243)  (—5.0154)  (—3.5355)
profitability —0.5657*** —0.537*** —0.5465*** —0.5769***  —0.5463***  —0.5654***
(~10.6196)  (—9.1624)  (—11.0064) (-9.721)  (—8.8502)  (—9.8355)
non debt tax shield 2.3014 2.6467 2.5395 0.7784 1.2109 0.7722
(1.1588) (1.4019)  (1.2862) (0.5283) (0.8413) (0.5395)
sga expenses —0.0107 0.0136 —0.0146 —0.0563*** —0.0289 —0.0654***
(—0.5048) (0.6837)  (—0.6956) (-3.3787)  (—1.5869)  (—4.0386)
firm size 0.0027** 0.0048*** 0.0024* 0.0013 0.0028** 0.0007
(2.1856) (3.918) (1.8096) (1.2024) (2.2708) (0.6611)
industry corr —0.3992***  —0.5684***  —0.4885*** —0.3893***  —0.5002***  —0.4539***
(—4.4326)  (—6.4551)  (—5.5749) (—5.2668)  (~7.2272)  (—7.3661)
HCI1 —0.0158*** —0.0164***
(—5.1774) (—5.6147)
HCI1* industry corr 0.0418*** 0.0536%**
(3.7462) (5.0764)
HCI2 —0.059*** —0.0566***
(—6.2562) (—7.5657)
HCI2* industry corr 0.2159*** 0.2053***
(5.8409) (8.1206)
HCI3 —0.0459*** —0.045***
(—6.8365) (—8.1136)
HCI3* industry corr 0.118*** 0.1268***
(4.569) (6.2903)
R? 0.3397 0.3341 0.3396 0.4222 0.4173 0.4229
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Figure 2: Payoff distribution under different capital structure

a. Under equity financing

Continue Liquidation
shareholder 0+ f(1) — W I
tech worker e 0
b. Under debt financing
Continue Liquidation
shareholder 0+ f(1)—W —-D 0
tech worker w 0
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g = 0 but risk premium is
~ high

Figure 3: Renegotiation-proof compensation

-
o

Figure 4: Shareholders’ payoff as a function of debt
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Figure 5: Payoff distribution when the entrepreneur holds stock options

a.
Continue Liquidation
shareholder 0+ f(1) + g(e) — I

+entrepreneur | v(e) — W

tech worker W 0
b.
Continue Liquidation
shareholder (1—=n)(@+F(1)+ L
gle) —W)+nK
entrepreneur n(0+f(1)+g(e)— I,
W —K) —v(e)
tech worker w 0
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