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A subgame perfect Nash equilibrium is charac-
terized for an industry with dissipative costs of
agency. In sequence, firms can enter the indus-
try, raise capital with external debt and/or eg-
uity, invest in a capital-intensive technology or
dissipate capital in perquisites, and finally pro-
duce output. For plausible values of two critical
parameters, some firms forego in equilibrium
investments with positive net present values. Al-
though more managers would like their firms
to invest in the capital-intensive technology, they
cannot raise the required cash in the capital
market. In equilibrium, the industry can have
both a profitable core of large, secure, capital-
intensive firms, with some debt but no unique op-
timal capital structure, and a competitive fringe
of small, risky, labor-intensive firms. Even as the
cost of entry converges to zero, capital-intensive
firms can earn extraordinary profits, while all
labor-intensive firms fail. With costly agency, ac-
cess to capital can become a barrier to entry.

The reationship between investment, risk, prerequi-
sites, and capital structure has been studied exten-
sively in corporate finance' In many models, man-
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agers maximize the market value of their stock plus their utility from
perks. Depending on their firm's capital structure, these managers may
forego profitable investments, pick excessively risky projects, and con-
sume dissipative perks. Anticipating agency problems, managers then
select capital structures with optimal combinations of external debt
and equity. With few exceptions, these now standard results have
been derived for a single firm in isolation rather than an industry in
equilibrium. As illustrated by the exceptions, issues of industria or-
ganization can be critical. In Brander and Lewis (1986), for example,
managers who maximize the market value of their stock optimally sell
no corporate debt to outsiders and thereby avoid al agency costs in
both monopolistic and perfectly competitive industries. With imper-
fect competition, however, the same managers sell dissipative debt
in equilibrium because it effectively precommits their firms to pro-
duce more output and thereby induces rivals to produce less output.?
In other words, industrial structure can affect corporate conduct, in-
cluding both the initial acquisition of capital and the subsequent pro-
duction of output. Thereby, it can affect investment, risk, perks, and
optimal capital structures.

The contrast between the now standard stories of corporate agency
and the emerging literature on financia and industrial structure is most
striking in Maksimovic and Zechner (1991), hereafter caled MZ. In MZ
each firm can invest in either a technology with a known marginal cost
or another with an uncertain cost. All capita is raised with externa
debt, and all managers are assumed to maximize the market value of
their internal equity. For a firm operating in isolation without interac-
tion in an industry, standard results hold. Given no taxes, the firm sells
no risky debt to outside investors because its manager then picks the
risky project and thereby decreases its market value. However, when
firms compete in a product market, capital structure becomes irrele-
vant. In their presumably perfectly competitive product market, the
risky and riskless technologies are adopted by sufficient numbers of
firms so that the two net present values are equal in equilibrium. Al-
though risky debt still induces managers to pick the risky project, the
choice has no affect on a firm's market value. A similar result holds
with corporate taxes and tax-deductible interest expenses. Also, risk
is endogenous. As more firms adopt the risky technology, the aggre-
gate output and thereby the price of output more closdly reflect the
marginal cost of production. Thereby, the risky technology becomes

“Capital structures are also affected by the strategic behavior of firms in the agency models of Allen
(1986) and Maksimovic (1988).
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a better hedge against the uncertain cost of production. If the risky
technology is selected by sufficiently many firms in equilibrium, then
it is less risky than the riskless technology.

Despite this recent progress, theoretical corporate finance has yet to
explain the limited empirical evidence on the determinants of capita
structure. Empirically, capital structures vary considerably across firms,
even within the same industry.® Also, capital structures are related to
capital intensity. Specificaly, capital intensity seems to be positively
correlated with book values of debt but nearly uncorrelated with ratios
of book debt to value. In the literature on industrial organization, the
following emplrlcal observations have been labeled “stylized facts.”*
Capital intensity is correlated positively with concentration. In turn,
concentration is correlated positively with accounting profitability--at
least for industrial leaders in American manufacturing, but not for firms
with small market shares. Also, accounting profitability is correlated
positively across industries with measures of both market share and
capital requirements or economies of scae. Findly, firm size seems to
be negatively related to intertempora and cross-sectiona variability
of profits.

The theoretica results in this article are consistent with this empiri-
cal evidence. In this model each firm within an industry can produce a
homogeneous good using one of two technologies. one labor-inten-
sive and the other capita-intensive. The labor-intensive technology
requires no initial investment but has a higher variable cost of pro-
duction. To finance the investment required for capita-intensive pro-
duction, a firm can sell a bond and stock in a perfectly competi-
tive capital market. Given plausible values of two critical parameters,
some firms are forced in the resulting equilibrium to forego invest-
ments with positive net present values (NPVs). More managers would
like their firms to invest, but they cannot raise the required capi-
td from outside investors. Because the foregone investments have
positive NPVs, capita-intensive firms earn positive profits in equilib-
rium, while labor-intensive firms can have negative NPV's after the cost
of entry. This foregone investment is a consequence of competition
within an industry and thus is unrelated to previous explanations of

3 Recent empirical evidence appears in Bradley, Jarrell, and Kim (1984) and Titman and Wessels
(1988). A range of optimal capital structures, rather than a unique optimal capital structure, is
consistent with Maksimovic and Zechner (1991) and Fischer, Heinkel, and Zechner (1989). In the
latter model, debtanbemnuoﬂedconunuouslyduoughumelnanopuonpddngﬁamework
and the ratio of long-term debt to the marke( value of equity has a negative, insignificant coefficient

with size.

4 Sce the survey by Schmalensee (1989).

433



Tbe Review of Financial Studies/v 8 n 2 1995

optimal investments for isolated firms.> Capita-intensive firms are typ-
ically less risky and always much larger in size than are labor-intensive
firms. Also, at least some debt is optimal for capital-intensive firms,
but the optima debt is not unique. In short, the industry has a core
of large, profitable, secure, capita-intensive firms, each with at least
some external debt, and a competitive fringe of small, marginally prof-
itable or unprofitable, risky, labor-intensive firms. Even as the cost of
entry converges to zero, a few capita-intensive firms can continue
to earn extraordinary profits, while al labor-intensive firms can fail
and thereby effectively exit the industry. In this sense, industries can
be concentrated even with vanishingly small costs of entry because
access to capital is effectively another barrier to entry, given costly
agency.

These results differ dramatically from the conclusions in MZ. The
differences reflect two major differences in assumptions. In MZ perks
are precluded and the industry is assumed to be perfectly competi-
tive. Here, dissipative perks are possible and the number of firms is
determined endogenously in equilibrium. As shown subsequently, if
perks are precluded, then the aggregate investment in equilibrium is
Pareto-optimal, as in MZ. With dissipative perks, however, some in-
vestment may be forgone in equilibrium, depending on the values of
two parameters. Also, if investment is foregone, then capital-intensive
firms are profitable in equilibrium. Moreover, these profits can persist
even with vanishingly small costs of entry. Consequently, the industry
need not be perfectly competitive, given endogenous entry.

The article is organized as follows. The model and its mgjor re-
sults are sketched in Section 1. The analysis then begins in Section 2
with the fourth and final period and proceeds backward through time,
section by section. In Section 2 the firms optima production and re-
sulting endogenous risks are identified. The trade-off between perks
and investment, conditional on capital structure, is presented in Sec-
tion 3, and optima capital structures are calculated in Section 4. In
Section 5 the initia, optima entry of firms is characterized, including
both limiting, analytic solutions for small costs of entry and numer-
ica solutions for larger costs. Extensions are discussed in Section 6,

® In Myers (1977), for example, identical firms, acting in isolation, invest identically, depending on
the value of their withstanding debt. In MZ, by contrast, firms are not isolated and investment is
not foregone.

® Two minor differences in assumptions also distinguish the models. In Mz, firms can issue only
internal equity and external debt; here. firms can aso sell external debt. Also, in MZ only the
marginal cost of the risky technology is uncertain, whereas only aggregate demand is uncertain
here. The additional security introduces into this model some indeterminancy in optimal cap-
it structures, whereas the difference in technologies affects the source and interpretation of
endogenous  risk.
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and the results are summarized in Section 7. All proofs appear in the
Appendix.

1.0verview

In the model al corporate decisions are made in a subgame perfect
equilibrium in pure strategies at four points in time. The sequence of
events is shown in Figure 1. First, firms can enter the industry. Second,
entrants can raise cash by selling corporate debt and equity to outside
investors in a perfectly competitive capital market. Third, managers
can consume perks and invest in a capital-intensive technology that
reduces the variable costs of production. Finally, managers observe
the aggregate demand in their industry, and their firms can then pro-
duce and sdll their outputs. The model has four stages because each
contributes significantly to the major results. For example, many of
the new results in this article arise in the initial stage when firms enter
endogeoudly. Since the model, with its four stages, is complicated, al
other assumptions are designed to simplify the exposition as much as
possible. Initialy, al firms are identical. For each the cost of entry is
the same exogenous constant. After entry, al cash for corporate invest-
ment must be raised by selling a bond or stock to outside investors.
If a firm raises sufficient cash, then it can invest in a capital-inten-
sive technology that reduces its variable cost of production. If it does
not Invest; then it must produce using a second, labor-intensive tech-
nology. Subsequently, the aggregate demand for the homogeneous
good can be either high or low. Both the aggregate demand curve
and the cost functions are linear. Unlike Mz, the cost functions are
deterministic.’

In the fourth and fina time period, each firm has a fixed technol-
ogy-either capital-intensive or labor-intensive. After all managers
observe the aggregate demand for their industry’s output, each firm
produces in a pure-strategy, Cournot-Nash equilibrium. Because both
the aggregate demand and the cost functions are linear, the unique
optimal outputs can be calculated explicitly. With lower variable costs
of production, capita-intensive firms always produce larger outputs
than do labor-intensive firms. Also, the optimal output of each firm is
decreasing in the number of capital-intensive firms and, with a restric-
tion on the parameters, the tota number of firms in the industry. In
this sense, capita-intensive firms are always larger than labor-inten-
sive firms, and each firm is smaller with more competition from other

In Mz the marginal cost of production is uncertain with the risky technology and firms cost
functions are quadratic. Here, the intercept in aggregate demand is uncertain, and al cost functions
are linear.
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period 1 2 3 4
e —+ +— i
Entry Financing Investment Production
Figure 1
Sequence of events

1. Entry: Firms can enter the industry simultaneoudly. The fixed cost of entry is an exogenous
constant. the equilibrium is subgame perfect. 2. Financing: To raise the capital required for
investment, firms can sell securities simultaneoudly in a perfectly competitive capital market.
Each firm can offer to outside investors and some fraction of its stock. The firm's insider
retains al remaining stock. 3. Investment: Firms can invest simultaneoudly in a capital-intensive
technology. Firms that do not invest can produce subsequently using a labor-intensive technology
with a higher variable cost of production: A firm's insider can expend all remaining corporate cash
on perks. 4. Productions After the insiders in all firms observe the aggregate demand in the market,
firms an produce smultaneoudly using their capital-intensive or labor-intensive technology. The
price is determined by the aggregate output in the industry. The aggregate demand curve and all
cost curves are linear.

firms. In addition, risk is determined endogenously in equilibrium. As
more firms either enter the industry or invest in the capita-intensive
technology, the cash inflow from incremental investment decreases
for each level of aggregate demand. Thereby, the capitd-intensive
technology changes from stochastically dominant, to more risky, to
stochagtically dominated, relative to the labor-intensive technology.
Capital-intensive production, with its higher fixed cost and lower vari-
able costs, has operating leverage relative to labor-intensive produc-
tion. The risk of operating leverage from capital-intensive production
is then determined in equilibrium by both the number of firms in the
industry and their aggregate investment. This result holds even though
all risk arises from aggregate demand.?

In the second and third periods, each firm can sell securities in
a perfectly competitive capital market and then invest in the capitd-
intensive technology. By assumption, a firm can raise cash by sdlling to
outsiders both a bond and some fraction of its stock. All feasible cap
ital structures must satisfy two constraints. The investment constraint
identifies al capita structures that induce a firm’s insider to invest and
not to consume dissipative perks. The financial constraint identifies
al capita structures that induce outside investors to contribute the
cash required for investment. As the number of capitd-intensive firms
increases, the NPV of incremental investment decreases. This tight-
ens both the investment and financial constraints. More precisely, for

®In MZ the margina cost of production is risky because either the technology or the price of
an input is uncertain. There, the risky cost is a hedge against the risky price resulting from the
uncertain output of al firms. Here, no such hedge is possible.

436



Financial and Industrial Structure with Agency

any possible promised payment on external debt, additional aggre-
gate capital has two effects. First, it decreases the maximum fraction
of external equity that just induces a firm's insider to invest and to
forego perks. Second, it increases the minimum faction of externa
equity that just induces outsiders to contribute the required capital. If
both the investment and financial constraints are satisfied at the value-
maximizing aggregate investment, then the subgame perfect equilib-
ria starting in period 2 are first-best or Pareto-optimal-conditional
on the number of firms entering into the industry during the previ-
ous period. In these conditionaly first-best equilibria, the insider in
each firm is approximately indifferent. at the margin between invest-
ing or not, given optimal investments by all other firms. The equilibria
are distinguished only by the identities of the capital-intensive firms
and their optimal capital structures, and the solution is approximate
only because the number of capita-intensive firms must be an integer.
Given risk-neutral agents, operating leverage is then approximately a
mean-preserving spread in equilibrium. Associated with each firm's
investment in the capita-intensive technology is a set of optima cap
ital structures, but no unique optimal capital structure. As shown in
Section 3, the equilibria are first-best only under specia circumstances.
Either perks must be precluded, as in MZ, or perks must be sufficiently
dissipative and the fixed cost of the capita-intensive technology must
be sufficiently large.

More importantly, this first-best solution may be infeasible. If, at
the first-best solution, the intersection of the investment and financia
congtraints is empty, then the largest feasible aggregate investment is
less than the first-best investment. In this case, the associated subgame
perfect equilibria starting in period 2 are second-best or constrained-
Pareto-optimal, again conditional on the number of firms in the in-
dustry. As before, these equilibria differ only in the identities of the
capital-intensive firms and their capital structures. Each second-best
equilibrium has the following properties. Some firms invest in capital-
intensive production, while other, identica firms forego identical in-
vestments with positive NPVs. More managers would like their firms
to invest, but they cannot credibly commit to forego their dissipative
perks and thus cannot raise the required capita from outside investors.
In this sense, capital is rationed even though the capital market is per-
fectly competitive. With rationing the NPV's of capital-intensive firms
must be positive. As shown in Section 3, the NPVs of capital-inten-
sive firms are positive in equilibrium if perks are possible and either
perks are not too dissipative or the fixed cost of the capita-intensive
technology is not too large.

The optimal aggregate investment in period 3 is supported by op-
tima capital structures in period 2. For each capita-intensive firm,
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a least some externa debt is optimal, but the optimal debt is not
unique. This lower bound on optima debt can be explained as fol-
lows. Suppose that an insider announces his firm's investment in the
capita-intensive technology and then raises the cash partly by sdlling
a corporate bond that exceeds the market value of a labor-intensive
firm. If, subsequently, he cancels the investment and expends the
cash as perks, then his internal equity in his now labor-intensive firm
becomes worthless. Thereby, debt diminishes the insider's incentive
ex post to consume perks and to forego investment. Outsiders under-
stand this relationship between debt and the insider's subsequent ac-
tion and then contribute the required cash when otherwise they would
not. Consequently, debt that is infeasible for labor-intensive firms is
optimal for capital-intensive firms in a second-best equilibrium.’

In the initial period, firms can enter the industry. In the subgame
perfect equilibrium, entry must maximize each firm's NPV, measured
net of the fixed cost of entry, conditiona on optimal entry by al
other firms. The optima number of entrants and the resulting number
of capitd-intensive firms are calculated analytically for vanishingly
small costs of entry and numerically for larger costs of entry. Other
properties of the equilibria are also identified. As the cost of entry
decreases toward zero, the industry becomes more competitive only
in the sense that the total number of entrants grows without bound.
both the number and profitability of capital-intensive firms depend on
the values of various parameters. If perks are not too dissipative and
the fixed cost of capital-intensive production is sufficiently large, then
competitive industries with low costs of entry consist soldly of small,
labor-intensive firms. In the remaining cases, even with very small
costs of entry, relatively few capital-intensive firms persist and prosper,
while labor-intensive firms produce no output, receive no revenues,
and thereby fail, depending on the demand in the market. In the
latter equilibria the capita-intensive technology is either stochastically
dominant or more risky than the labor-intensive technology, but never
stochagtically dominated. Given larger costs of entry, the numerica
solutions have the following properties. All equilibria are second-best.
Capital-intensive firms have large, positive NPVs, whereas labor-inten-
sive firms have dightly positive, zero, or dightly negative NPVs, when
measured net of the cost of entry. Capital-intensive firms are less risky
and much larger in size than labor-intensive firms. This lower risk
occurs in equilibrium despite the operating leverage of capital-inten-
sive firms and the assumed absence of diversification in the model.

? This has some similarities with the dissipation of free cash flows in Jensen (1986).
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2. Production

All production occurs in the fourth and finaI‘ time period. At this time
each firm, i I {1, ....n}, has one of two technologies or capita-

intensities, k; 1 {0,1}. The labor-intensive technology, k = 0, has
a lower fixed cost but higher variable costs of production than the
capital-intensive technology, k; = 1. If firm i produces the quantity of
output ¢, then it incurs the variable cost, (ax — Bky)q;, with the con-
stants, a > b > 0. Also, it has the fixed cost, g k, with the constant,
g > 0. Under this convenient normalization, labor-intensive produc-
tion, k = 0, has no fixed cost. The variable cost is incurred at the time
of production when revenues are received, whereas the fixed cost of
the capital-intensive technology, ki = 1, is incurred at the time of in-
vestment and must be financed. The industry has k capital-intensive
firms: k=Y ., k. Excluding firm i, it has k; other capita-intensive
firms by = 3, k. All firms in the indusxry produce a homoge-
neous good with the aggregate output: = Y., q. Collectively, all
other firms have the total output:g_, ._E G-

The aggregate demand in the industry depends on the size of the
market. The market is either smal, m = 0, or large, m = 1. A large
market, m = 1, occurs with probability p satisfying 0 < p < 1. This
probability, together with the entire structure of the model, is com-
mon knowledge among managers Each manager sees the size of the
market m after selecting his firm's technology but before choosing its
output. Conditional on the market m and the aggregate output q, the
price of the homogeneous good p is determined by its inverse de-
mand curve:: p = ¢ +nm-—60q.Theintercept ¢ satisfies ¢ >a—g > 0,
so that at least some firm can earn positive profits by producing in
each market. Also, the dopes satisfy 5,8 > 0, so that alarger market m
generates a larger demand g. Given this linear demand and the, linear
costs, the subsequent problems of Productlon investment, and capi-
ta structure have explicit solutions.”™ Although the restriction to two
technologies is substantive, the restriction to two states is merely an
expositional convenience. Extensions with more genera technologies
are did in Section 5.

The game has four stages with observed actions throughout and a
subgame perfect equilibrium. In each subgame al agents act simulta-
neously in a pure-strategy Nash equilibrium. In the fina period firm i
is endowed with the capita-intensity or technology 4. After observ-
ing the size of the market m, insider i chooses his firm’s output. The

%In MZ the demands are linear, the variable costs are quadratic, and the market is assumed to be
perfectly competitive. Here an explicit solution is possible with linear costs because the market is
generaly imperfectly competitive. With quadratic costs the solution is similar; only the parameter
g must be reinterpreted.
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optimal output maximizes his firm'’s final cash inflow, (p—a+ Bk)q;,
in a Cournot-Nash equilibrium:

G = argmax{ly + nm —0(q + q°,,,) —a + Bklgi: ¢, = 0}, (1)

for al firms, i =1, ... n. ™ In (1) the optima output ¢, of each
firm i is a best response to the optima outputs of al other firms
q* - N other words, dl agents move simultaneoudly following pure
strategies that depend on their firms technologies and the state of
the market. The strategies can aso depend on the numbers of capital
and labor-intensive firms, k and n - k, in the industry. The industry
can be monopolistic, n = 1, imperfectly competitive, 0 < n < ¥, or
perfectly competitive, n = ¥.

The Cournot-Nash equillibrium is identified in the Appendix. The
unique equilibrium in pure strategies is symmetric within technolo-
gies. All firms with the same technology produce in each market m
the same output: 4, = 4, for all firms i and ¢ with k; = k;. In other
words, each labor-intensive firm and each capital-intensive firm have
the respective optimal outputs: Qom(k, 7) and Oym(k, n).TO simplify
the subsequent notation, this output is identified as Q(k, n), with
the index, j = 0, 1. That is, a labor-intensive firm, k = 0; has the
index, | = 0, while a capital-intensive firm, k = 1, has the index,
j = 1. This optimal output Qy.(k, 1) can be calculated explicitly. It
depends on both the number of capital-intensive firms k and the total
number of firms in the industry n:

_1 . {+nm—a— Bk

Qm(k, n) = o[ﬂj+jmm(0. T )
’ t+nm—~a - Bk
L

for y m=01, k=0, 1,.., nandi = 1,.., n. Three proper-
ties of this solution are important in the subsequent anaysis. First,
labor-intensive firms always produce less than capital-intensive firms:
0 < Qom < Qim. 'Second, if a firm produces in market m, then its out-
put decreases in the number of capital-intensive firms & Qym(k, ) >
Gom(k+1, ), whenever Qom(k, ©) > 0, and Qipm(k, -) > Qim(k+1, ).
Third, if labor-intensive firms produce in market m, then the output
of each type decreases in the total number of firms n: Qym(-, n) >
Qim(-, n+ 1), for § =0, 1, whenever Qoy(:, 1) > 0. In short, a labor-

"This maximand does not distinguish between bankrupt and solvent firms. If a firm is bankrupt,
then its manager is assumed to maximze its residual value in (1). This avoids adding more types
of firms.
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intensive firm is aways smaller than a capital-intensive firm, and each
firm is smaller with more competition from other firms.

A firm's optimal output affects its final cash inflow. If a firm with
technology j produces in market m the output gym,then it realizes
the cash inflow: yum = (0 — a + BR)qim. With the optimal output,
G = Qim(k, ), from (2) this cash inflow is

Vim = Yim(k, 1) = (p — @ — B Qym(k, 1) = (Qm(k, ME.  (3)

The fina cash inflow (3) exhibits the same monotonicity with respect
to al state variables as the optimal output (2). The same monotonic-
ity is also exhibited by the incremental cash inflow from incrementa
capital: AYpy(k, n) = Yim(k, 1) — Yom(k—1, n).Specifically, the incre-
mental cash inflow is positive and increasing in the size of the market
m: 0 < AYp < AY;. . Also, itisdecreasing in the number of capital-
intensive firms %&: AYn,(k,-) > AY,(k+ 1, ). Findly, it is decreasing
in the number of firms n when labor-intensive firms are induced to
produce: AYp,(-, 7) > AYpy(-, n+4 1), whenever Gom(-, 1) > 0. In
other words, a firm has a lower return on investment in both smaller
markets and more competitive markets, where competition can come
from either investment by other firms or entry into the industry. These
three properties of the incremental cash flow generate many of the
subsequent results.

Operating risk is endogenous in MZ. There, the cost of production
is uncertain because either the technology or the prices of inputs are
uncertain. Here, a similar result holds even’ though al uncertainty
arises from aggregate demand. Consider the three, mutualy exclusive
and exhaustive cases:

(@) y < AYy(k,n) < AYi(k, n),
(B AYo(k,m) <y <AYi(kn), )
(©) AYo(k,m)<AYitkm<y.

Measured net of the fixed costs g, the incremental cash Arqjok% in mar-
ket m from investing in capital-intensive production is

With the inequalities in (4 a ), labor-intensive production, k; = 0, is
(first-order) stochastically dominated by capital-intensive production,
k. = 1; whereas with (4 ¢ ) the reverse is true. As shown in the Ap-
pendix, 4.a) Wlth sufficiently few capital-intensive
firms: AC{;)S% n) > VC%M‘H; S|m|IarIX (4 c) holds with suffi-
ciently many capital-intensive firms: 211 (% 0asn = 00 | the
remaining case (4 b ), the capita-intensive technology, with |ts higher
fixed cost and lower-variable costs, makes the firm more risky. This in-
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crementd risk from operating leverage is mean-preserving in the sense
of Rothschild and Stiglitz (1970) if (1 —m)A Yo(k, n)+7w A Y 1(k, n) = y.

. Investment

Problem. In the third period the owner-manager of each firm alo-
cates his corporate cash between investment and perks. At this time
firm i has the cash ¢; that it raised in the previous period by sdlling se-
curities to outside investors. If the corporate cash ¢, exceeds or equals
the fixed cost g, then firm i can invest g dollars in capital-intensive
production; otherwise, it can invest nothing and must produce using
the labor-intensive technology. Simultaneoudly, the insider in firm i
can consume on the job x dollars of perks and thereby redlize the
utility U(x), for al x 3 0. This utility from perks is measured in
dollars, and the manager's total utility is additively separable in the
utility from perks plus his dollars of direct compensation. The utility
function U is continuously differentiable, nondecreasing, and con-
cave, with U (0) = 0 and U' (¥) = 0. Also, perks are dissipative:
0 £ Ux) < x for dl x > 0. The dissipation, x - U(x) > 0, can be
interpreted as the firm's cost of maintaining internal accounting con-
trols and its managers costs of responding to those controls. In any
case, the total expenditure on capital and perks cannot exceed the
available corporate cash: 0 < yk; 4+ x; < ¢;. Also, as in other agency
models the manager cannot avoid dissipative perks by renegotiating
his contractual payoff with outside investors.** Consequently, insider
i dways consumes all residua cash as perks. x;=¢;— yk = 0.

The firm can be capitalized with at most a bond and stock.”® The
bond of firm i can have any promised payment &; up to the largest
possible corporate cash inflow: 0 < &, < WKy (&, n). For analytica sim-
plicity, al investors are assumed to be risk-neutral. Also, for notational
simplicity the riskless rate of interest is set equal to zero. Because the
state of the market m is not revealed until the fourth and final period,
the value of the firm's bond in the third period is

" By(by, k, n) = (1 ~ m) min{by, Yp(k, m)} + n min{by, Y (k, )}, (5)

for 7 = 0,1. Again, n is the probability of a large market, m = 1.

'2 The manager cannot renegotiate in period 3 the contract initiated in period 2 when his firm sold
securities to outsiders. If manager i could renegotiate, . then the would sell his perks back to his
Investors for the price x; and thereby redlize the gain: x, — U(x;) > 0. As in other agency models,
renegotiation is precluded by unmodeled costs.
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Simultaneously, the firm's stock has the market value:

S(by, ko 1) = (1— )y max(0, Yo(k, ) — by)
' + 7 max{0, Y (k, n) — by}, ©®

for j = 0.1. In (5) and (6) the values of debt and equity depend on the
firm's fina cash inflow (2) after its optima production (1) in the two
possible markets, m = O, 1. The sum of these two values, (5) and (6), is
the total market value of the firm: F(k, n) = Bi(b;, k, n) + S;(by, k, n).

A manager can be compensated with both perks and inside equity.
Suppose that firm i has raised the cash ¢, by selling to outside investors
some fraction g of its stock and a bond with the promised payment
b. Insider i then retains the residual share, 1 — a;, of his firm's stock.
Again, the analysis is restricted to pure strategies. Also, without further
loss of generality, the firm is assumed aways to invest in capital-
intensive production when its insider is indifferent between investing
or not. Conditional on the capital structure (ay, b;) :and the resulting
cash ¢, insider i then chooses for his firm the capital-intensity k; and
thereby the perks, x; = ¢, — y k. The optima choice maximizes his
utility of perks plus the market value of his personal equity in another
Nash equilibrium:

ki = argmax{U(c; ~ yk) + 1 — a)Su (b, b+ K2, M)}, (7)

subject to & € {0, 1}, and y &, < ¢;. In Equation (7) insider i chooses
the capital-intensity &} to maximize hi personal welfare, conditional
on his correct conjecture in equilibrium that the insiders in &*, other,
firms choose the capital-intensive technology. Thereby, k* firms be-
come capita-intensive in the Nash equilibrium.

Investment constraint. This problem can be simplified as follows. If
the firm has insufficient cash ¢ for capita-intensive production, 0 £
¢ < y, then it invests nothing, & = 0, and the insider expends all cash
on perks, x; = ¢;.Alternatively, if the cash is sufficient for investment,
¢ > y,then two solutions are possible. Either the firm invests nothing
and the insider consumes everything, k = 0 and x = ¢, or the
firm invests in capita-intensive production and the insider consumes
the residual, & = 1 and x; = ¢; — y. Also, outsiders understand the
insider’s incentives and price the firm’s securities correctly. As a result,
the insider must effectively pay to outsiders  x; dollars for perks with
the utility U(x), and then realize the loss: x;,— U(x;) > O forall x; > 0.
For this reason, no insider ever sells securities solely to finance his
perks. Instead, each insider i voluntarily restricts his corporate cash
to the two values: ¢; € {0, y}. These two strategies, ¢; =0or ¢; =y,
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dominate al other strategies in period 2. Henceforth; the dominated
strategies are eliminated, and the analysis is restricted to the remaining
possibilities. ¢; € {0, ¥}. Also, the only possible response in period 3
to the choice in period 2 of no corporate cash, ¢ =0, is no investment
and no perks. k& =0 = x;. Therefore, the remainder of this subsection
is restricted to the case: ¢; = y.In this case, an insider either invests
nothing and consumes everything or invests everything and consumes
nothing.

Under these conditions, problem (8) can be restated as follows.
Insider i is induced to invest all corporate cash g whenever his perks
plus the market value of his personal stock in a labor-intensive firm,
k; =0, is no greater than the market value of his personal stock in a
capital-intensive firm, k = 1:

U+ - a)Sob, k2, m) < (1 — a)Si(b, 1+ £, m). (8

This investment constraint identifies all capital structures (a, by), con-
sisting of the fraction of external equity a, and the promised payment
on debt b, that induce insider i to invest al his firm's funds and to
forego al perks. When the reverse inequality holds, the insider invests
nothing and consumes everything. As in other agency problems, this
incentive-compatibility constraint is necessary for virtualy all subse-
guent results. Also, it is binding only because a forcing contract is
infeasible. That is, (8) constrains feasible contracts because outside
investors cannot force a firm's insider to invest in capital-intensive
production. Although a forcing contract may be possible with two
digtinctly different technologies--as in this model--the sharp distinc-
tion here between one technology with capital and another without
capital is merely an expositional convenience. Any pair, any finite or
infinite number, or even a continuum of technologies is sufficient for
the subsequent results if two conditions are satisfied. The choice be-
tween the technologies must be restricted by an investment constraint
like (8), and no technology can be dominated by another. These issues
are discussed in more detail in Section 6.

The investment constraint is calculated in the Appendix. The cacu-
lation covers two mutually exclusive and exhaustive cases. Yio(k, 1) <
Yoi(k—1, n) and Yio(k, 1) > Yo1(k—1, n). The investment constraint
for the first case is shown in Figure 2. The set of feasible capital
structures (a4, b;) that induce insider i to invest, /= 1, lie on and
beow the curve with three kinks. With fractions of externa equity
a, and promised payments on debt b; in this lower region, the addi-
tional value of the insider's stock from investing the cash g exceeds
his utility from the foregone perks. In this region the insider retains
enough equity in his firm to be induced to invest al corporate cash
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and to forego al his dissipative perks. With larger fractions of exter-
nal equity or larger promised payments on external debt such that the
reverse |nequaI|ty holds, the manager invests nothing and consumes
everything.™ In this model there is a sharp boundary between the two
regions of investment without perks, & = 1, and perks without in-
vestment, & =0, only because the technol gy is discrete; production
is either Iabor intensive or capita-intensive.™ For any feasible capital
structure, this constraint completely characterizes a firm's investment
and its manager’'s perks.

Financial constraint. To understand the implications of the invest-
ment congtraint, it is helpful to look back briefly to the previous pe-
riod. At time 2 firms can sell securities to outsde investors. Initialy, no
firm is endowed with any internal cash.’® To raise the cash required
for investment g, firm i must sell to outside investors some fraction
of its stock g and a bond with the promised payment b; that satisfy
the financial constraint:

14 ..<_ Bl(_bis k" n) + aisl(bh k.’ n)‘ (9)

As indicated in (9), the market values of the firm’'s bond and stock
depend on the optima number of capital-intensive firms &*from pe-
riod 3. This financia constraint is shown in Figure 2 as al capita
structures (ay, &;) above and to the right of the curve with one kink
at Yio(k, n). The figure is drawn for an arbitrary number of capital-
intensive firms k, not lust the optimal numberk*. Any &dominated
capital structure must satisfy the financial constraint (9) with equality
and thus must lie along the boundary of the financial constraint. Also,
any feasible capital structure (ay, b)) must satisfy the inequalities:

0<a <1, 0 < b, < Yiu(k*, n). (10)

The upper bound Y;,(k*, m)is the largest possible corporate cash
inflow with the optimal number of capital-intensive firms k* and the
optimal output Qy,(k*, n) in (2).

Together, the investment and financia constraints and the above
inequalities determine the feasible set of capital structures. Again, fo-

 The flat segments of the boundary occur because in these regions the promised payment b, has
the same marginal effect on the stock of both the labor and capital-intensive firms. With the
reverse inequality, Y5 (k — 1, n) < Yo(k, 1), only the initial interval, 0 < & < Yy(k, ), ts flat.
See (A7) and (AB) in the Appendix.

5 1f the average variable costs were cantinuous and convex in the firm's mnirnl B, on some interval

aroundthccapttal k; = 1, then the optimal investment wouldbecontlnuously decreasing in both
xhefmctionofenemalequitya,andthepmmlsedpaymemonextmldeb(b, See Section 6.

16 Internal cash is introduced in Section 6. The extension is straightforward.
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Feasible capital structures .

Conditional on the numbers of capital-intensive and labor-intensive firms in the industry, k and
n —~ k, firm ¢ with technology f has in market m the final cash inflow Y.(&, n), for §, m € {0, 1}.
The firm can sell to outside investors the fraction of its stock a, and a bond with the promised
payment b;. All feasible capital structures (a,, b) must satisfy the investment constraint (8), the
financial constraint (9), and the inequalities (10). Capital structures below and to the left of the
investment constraint induce the manager to invest in capital-intensive production, & =1, and to
forego all perks. Capital structures above and to the right of the financtal constraint induce outside
investors to contribute the cash required for capital-intensive production y. All feasible capital
structures are shown in the hatched area. All undominated, feasible capital structures lie along the
dark line between the promised payments, B(n) and B(n). With additional capital-intensive firms
k, the investment constraint is shifted downward and the financial constraint is shifted upward.
The investment constraint is shown for the special case: Yo(k, n) < Yo (k- 1, n).

cus on Figure 2. For a firm that invests in capital-intensive production,
al feasible capita structures (g, b) must satisfy the investment con-
gtraint (8), the financia constraint (9), and the two inequdities (10).
Capital structures on or below the investment constraint induce the
manager to forego perks, capital structures on or above the finan-
cia constraint induce outsiders to contribute the required capital. All
capital structures satisfying both constraints are shown in the hatched
area of Figure 2. Also, dl feasible and undominated capital structures
with positive. debt, b, > 0, appear along the dark line. The size of the
hatched area depends on the numbers of both capita-intensive and
labor-intensive firms. As shown in the Appendix, the boundary of the
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investment constraint (8) shifts down as the number of capital-inten-
sive firms k increases. It also shifts down as the total humber of firms
n increases, whenever ‘0 £ k < (¢ +n—a)/B. Similarly, the boundary
of the financia congtraint (9) shifts up as either k or n increase. This
property of feasible capital structures can be interpreted as follows. As
competition among firms increases, either because more firms k be-
come capital-intensive or more firms n enter the industry, each firm's
NPV from investment decreases. In turn, this reduces each insider's
incentive to forego perks and thereby reduces the fraction of external
equity a for any given promised payment b; that firm i can sel to
outsiders and dtill induce its insider to invest. It also raises the fraction
a, for any given payment by, required to finance the firm’s investment.
Consequently, each firm’s feasible set of capital structures collapses
as competition among firms increases. This property is critical to the
subsequent  resuilts.

Optimal investment. The aggregate investment in equilibrium can
now be identified. The argument in this subsection has severa steps.
Initidly, the investment constraint (8) is ignored and the resulting ag-
gregate investment is identified. This investment is first-best or Pareto-
optimal, conditional on the number of firms in the industry. In Propo-
stion 1A this first-best solution is shown to be the aggregate in-
vestment in al subgame-perfect Nash equilibria once perks are pre-
cluded. Next, the investment constraint is reintroduced and the re-
sulting second-best or constrained-Pareto-optimal investment is iden-
tified. In Proposition 1B this second-best solution is shown to be the
aggregate investment in equilibrium for some values of two critica
parameters.

Initially ignore the investment constraint (8). In this case, by the
argument below (7), each manager optimaly consumes no perks and
hence derives no utility from perks: U (0) = 0. Also, by then-
below (9), al undominated capital structures must satisfy the financia
constraint (9) with equaity. Dropping the investment congtraint (8),
inserting the binding financia constraint (9) into the maximand in (7),
and rearranging terms produces the problem:

b =argmax{F(k+ k', n)—yk), - (1)

subject to & = ¢;/y € {0,1}, for { = 1,..., n. For each firm { the
optimal capital £ is a best response to all other firms optimal capital
k*, That is, firm i can have one of two NPVs: R(k*,, ) with no in-
vestment and labor-intensive production, k& =0,or R(1+k*,, n)—~y
with investment in the capital-intensive technology, ki = 1. In a Nash
equilibrium no insider can increase his firm's NPV by switching unilat-
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erdly from labor-intensive production to capita-intensive production,
or vice versa.

The solution to this problem can be sketched as follows. A firm with
technology j in an industry with the aggregate capital k and the num-
ber of firms n has the total market value: Fy(k, n).If this firm switches
from labor-intensive to capital-intensive production and no other firms
switch, then its incrementa value ISAF(k, n) = F(k, n)—FK(k—1, n).
In a Nash equilibrium the NPV of switching unilaterally to capita-
intensive production must be nonnegative at the value-maximizing
aggregate capital Kj(m): and negative at the aggregate capital | Ky (n)+1:

either Ki(n) =0 or y < AFIKi(n), n] with K,(n) €{1,...,n},
(12)
either Ky(n) = n or y > AFIKi(n) + 1, n]l with Ki(n) € {0,...,n—-1},

for dl n= 1.2, ... Also, the difference AF(., ») is decreasing in its
argument k, so that the necessary optimality conditions (12) are suf-
ficient for a unique optimum to (11). This solution to (11) is called
the first-best number of capital-intensive firms Kj(m).It is the Pareto-
optimal or vaue-maximizing number of capita-intensive firms, condi-
tional on the total number of firms in the industry n, which itself may
be less than first-best. This first-best aggregate investment is chosen
collectively by all insiders if the investment constraint (8) is not bind-
ing at k*; = Ki(n) — 1. As shown in the Appendix, the investment
congtraint (8) is never binding at the first-best solution if perks are
precluded. These results are summarized in the first proposition.

Proposition 1A. Without perks the number bf capital-intensive firms
in equilibrium (11) is always first-best: &* = Ky(n), foralin=1,2,.
It is nonincreasing everywbere in both the number of firms n and tbe

o mmad AL o atelba] Sindnrealess sad e

/wu WL Yy b“}lllul-}llufuleP’Wule’l 7

Without perks the agency problem disappears in equilibrium. In
these Nash equilibria to the subgame starting with an arbitrary num-
ber of firms n, the NPV from mvestlng in the capital-intensive tech-
nology is nonnegative and nearly zero.” The NPV is nearly zero only
because the first-best number of firms Kj(nm) invest in capita-inten-
sive production. If fewer firms invest, then at least one firm switches
to, capital-intensive production; if more firms invest, then at least one
switches back to labor-intensive production. In equilibrium the two
technologies are selected by sufficient numbers of firms so that the

The multiple equilibria differ only in the identities of the & capial-intensive firms. Also, the
NPV can be positive in (14) only because k must be an integer: k € {1,..., n}. In MZ, firms are
assumed to be perfectly competitive, so that discreteness can be ignored. -
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NPV from investment is driven nearly to zero. Once this occurs, no
insider has an incentive to switch unilaterally between technologies.
As in MZ, this result reflects competition between firms. For each firm
the cash inflows in (3) and thereby the NPV in (11) decrease as more
firms k invest in capital-intensive production. Without this competition
in the product market, the NPV would always be positive or negative
for every firm, depending only on the technology.

However, the first-best solution may be infeasible. If the investment
congtraint (8) is strictly binding at the first-best solution Ki(7), then
the optimal solution must be second-best. To see this, again focus
on Figure 2. If k > O, then the feasible set of capital structures-
the hatched area in the figure-cannot be empty for any firm. If it
is empty for one firm at k > 0, then it is empty for al firms so
that no investment can be financed, which is inconsistent with k >
0. Also, by the argument below (9), the hatched area decreases in
sze as the aggregate capital k increases. Let Kz(n) be the largest
integer such that the hatched area is nonempty, and set Kx(m) =
max{0, min{R>(n), n)}, for n = 1,2, .... Clearly, the integer Kx(n) is
an upper bound on the feasible number of capital-intensive firms.
k € {0,...,K(m). As shown in the Appendix, this upper bound
uniquely satisfies the conditions:

either K(m) =0 or  y+ U(y) < RlKx(n), n)
: with KMn)e(l,...,n},

either K(n)=n or v+ U(y) > RlK(n)+1, n)
: with Knelo,...,n—1},

(13)

for any feasible number of firms n.

The optimal aggregate capital can now be identified. By the argu-
ment below (3), the present value of switching from labor-intensive to
capital-intensive production AF(k, n) is decreasing in the aggregate
number of capital-intensive firms k. With (12) the NPV of switching
must then be positive at al values of k below the first-best number of
capital-intensive firms Ky(n): AF(k, n) —y > 0forall 0 < k < Ki(n).
In this case, the optimal aggregate capital k* must be the minimum of
the first-best aggregate capital from (12) and the upper bound from
(13):

k* = K(n) = min{Ki(n), Ka(n)}, (9
for al n. Given (14), the optima aggregate capital k* is caled first-
best if &* = K;(n) < Kz(n) and second-best if £* = Kz(n) < Ki(n). In
the second-best solution, some firms are prevented from investing in

the capital-intensive technology by the dstrictly binding upper bound,
K;(n) < Ki(n). As As shown in the next proposition, the upper bound
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is weakly binding, Kz(n) < Kj(n), and the NPV of investment is pos-
itive a the margin, AF[K;(n), n] > y, whenever the fixed cost g is
sufficiently small or perks are not too dissipative.

Proposition 1B. With dissipative perks, 0 < U(y) < y, the number
of capital-intensive firms in equilibrium (14) satisfies

_1 Kn) Yy 2T (n)

kt
| K(n) otherwise,

Q15)
whenever n/(n+1)? < /(¢ —a+P), foralin=1,2,.... The bound
T in (15) satisfies 0 < T'(n) < oo if and only if U(o0) < K(0, n);
otherwise, it vanishes, I'(n) = 00. If 0 < y < I'(n), then capital-inten-
sive production bas a positive NPV: AFIKx(n), n] > y. The number of
capital-intensive firms k* is nonincreasing in botb the total number of
firms n and the fixed cost of investment y .

The economically significant properties of this solution depend
critically on the fixed cost of investment. If the positive cost y is
sufficiently small, 0 < y < I'(r, or perks are not too ‘dissipative,
U(oo) = Fy(0, n), then the upper bound on the feasible number of
capita-intensive firms in (13) is weakly binding, * = Kx(n) < Ki(n),
whenever the number of firms in the industry n is sufficiently large,
nf/(n+1)? < B/(¢ —a+, It would be drictly binding if the aggregate
capital-intensity k could be any real number, not just an integer. As
a result, al capital-intensive firms then have positive NPVs in equi-
librium. If the upper bound in (13) is strictly binding, ¥* = Kx(n) <
K,(n), then some firms are forced by the capital market to forego in-
vestments with positive NPVs. In this case, more managers would like
their firms to invest, but they cannot credibly commit to forego their
dissipative perks and thus cannot raise the required cash y from out-
side investors. Moreover, the K,(n) firms that do invest in equilibrium
-do not differ in period 1 from the remaining n- K,(n) firms that do not
invest.'* Consequently, the foregone investment, K;(n) - Ky(n) > 0,
cannot be caused solely by such familiar factors as prior securities
or prior compensation to managers. Instead, it is a consequence of
competition within an industry.

. Capital Structure

The' optimal aggregate investment is supported by optimal capital
structures.  Specificaly, each insider i chooses between investment
and perks in (11), conditional on his firm's fraction of externa equity

18 Foregone investment with heterogeneous firms is discussed in Section 6.
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g, and its promised payment on external debt b;. Firm i then invests in
capital-intensive production if and only if its capital structure (g, b))
satisfies the investment constraint (8), the financial constraint (9), and
the inegualities (10), with b; > 0. Again, al such feasible capital struc-
tures are shown in the hatched area of Figure 2 and al undominated,
feasible capital structures are shown aong the adjacent dark line. If
the insiders in k* firms choose capital structures aong this line and
the insiders in al other firms choose to sell no corporate securities,
then these capital structures support the optimal number of capital-
intensive firms (14). That is, these capita structures induce the insid-
es in only k* firms to choose the capital-intensive technology. All
subgame perfect equilibria starting in period 2 then have k* capital-
intensive firms, n - k* labor-intensive firms, and the associated capital
structures.”® Without loss of generdity, the n firms can then be or-
dered so that the first k* firms, i = 1,. . ., k*, are capitd-intensive,
and the remainder, i = k* + 1, ..., n, are labor-intensive.

All optimal capital structures can be identified as follows. Again
focus on Figure 2. The undominated capital structures that support
an investment in capital-intensive production lie along the dark line
below the hatched area. These capitd structures (g, b) satisfy al
congtraints for al promised payments b, between two points, labeled
Band B in the figure. At theminimum promised payment B(n), the in-
vestment constraint (8) and hinding financial constraint (9) first meet.
At the maximum promised payment B(#n) the binding financia con-
straint (9) intersects the b;-axis. To display the lower bound, define by
AS(b, k, n) = (b, k, n) — (b, k— 1, n) the incremental value of a
firm’'s stock when it switches from labor-intensive to capital-intensive
production, given the promised payment on its debt b, the number
of capital-intensive firms after switching k, and the total number of
firms n. As shown in the Appendix, the minimum promised payment
B(n) is uniquely determined by the condition:

= : = . 16
- Bin) m‘“{b 20 K, Rk, ai—y)' 1
fordln=1,2,....Also, the maximum promised payment uniquely
satisfies the second condition:

Si[B(n), K(n), nl = RK(n), n] -y, -(17)

for n = 1 2,.... The two bounds, B(n) and B(n),are well defined:

The number of such equilibria is the number of combinations of k* capital-intensive firms in n
firms: (,".).These equilibria are distinguished only by the assignment of the identical
firms to the two technologies, j = 0, 1, and the associated capital Structures.
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0 < B(n) < B(n) < ¥y1lK(n), nl. These results are summarized in the
second proposition.

Proposition 2. The optimal number of capital-intensive firms (14)
is supported by the following capital structures. Each capital-intensive
firmi has a capital structure a3, b}, satisfying

o y — b} 4+ max{0, b} — YiolK(n), nl} a8)
¢ 7 (1 — m)ymax(0, YiolK(n), nl - b}} + x{YulK(n), n] — b})
and
B(n) < b} < B(n), (19)

with 0 < B(n) < B(n) < YulK(n), n), foralli = 1,..., K(n). Each
labor-intensive firm i optimally sells no external securities:a@f = 0 =
b, for all i K(n) + 1,.. ., n.

In this model capital-intensive firms have optimal, but not uniguely
optimal capital structures. The optimal promised payment b;, and
thereby the resulting market value of its debt, B{b], K(n), n), is
bounded below in (16) and above in (17). Because the financial con-
gtraint (9) is binding, the bounds on optima equity are aso deter-
mined by (16) and (17). Again, see Figure 2. Asillustrated, the feasible
set of capital structures is smaller or, equivaently, these bounds are
tighter, other things equal, when the aggregate capital is second-best
versus first-best. Also, the lower bound on debt has an interesting
economic interpretation. Suppose that insider i announces his plan to
invest in capital-intensive production and sells corporate debt with the
promised payment: b; > YpnlK(n), nl. This is the lower bound on op-
timal debt in Figure 2 when the interior of the hatched area is empty-
that is, when the integer constraint on aggregate capita is not binding
and the optimal aggregate investment is second-best. If, subsequently,
the insider chooses labor-intensive production and expends the cash
y on perks, then his stock becomes worthless. Stby, K(n), nl = 0 for
al b = YylK(n), nl. Clearly, this diminishes. his incentive in (7) to
choose labor-intensive production and thereby to consume perks. In
this sense, sufficiently high levels of corporate debt relax the binding
investment constraint (8).%

® This differs from debt as a precommitment to increase operating risk.In this model risk is en-

dogenous in equilibrium. In the equilibria itientjfied in Section 5, capital-intensive production that
is financed partly by debt is never more risky than labor-intensive production without debt.
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for which the NPV from entry, V(1) — 8, is nonnegative. For the next
larger number of firms, n* + 1, the NPV is negative in (21). Thereby,
only n* firms are induced to enter noncooperatively in equilibrium.

Limiting solutions. In general, explicit solutions are possible only for
equilibria with large numbers of entrants, including a perfectly com-
petitive equilibrium, n =¥ . The latter equilibrium can be constructed
as the limit of a sequence of solutions to the optimality conditions,
(12), (13), (14), and (21), with progressively smaller costs of entry
d and thereby progressively larger numbers of entrants in equilib-
rium 5. Each equilibrium in this sequence can be characterized by
its number of capital-intensive firms K(n3, and total number of en-
trants 7, For some vaues of the parameters, explicit solutions, K(ng)
and n can be calculated for al sufficiently small but still positive
costs of entry: 0 < & < &, with some 8§ > 0. For other vaues of the
parameters, only approximate solutions can be calculated explicitly.
With the approximate solutions, K(#;) and 7 the inequdities (21)
are satisfied to order 1/n})%: V(n}) — & = O(1/n}) In the former
case, the equilibria are caled competitive, but not perfectly compet-
itive. In the latter case the equilibria are called approximate. In al
cases, al equilibria with identical numbers of capita-intensive and
labor-intensive firms are grouped together and identified henceforth
as one equilibrium

To display these limiting solutions, some additional notation is nec-
essary. Three sets of parameters, kg and vg, for s = 0, 1, 2, are defined
in the Appendix in (A25) through (A30). These constants are shown
next to be the number of capita-intensive firms and total number of
firms in three limiting economies. The limiting economies are charac-
terized below in three propositions.

Proposition 3A. . Ify 4+ U(y) > B*/¢ then a positive constant d, exists
such that the unique equilibrium for each cost of entry, 0 < § < &,
has the aggregate capital and the number of entrants:

K(n*) = K(n*) =% =0, n* =, (22)

with v, = 1/4/8). In these equilibria, labor-intensive firms always
producein (2): - Gn (0, vo) > G0, o) > 0. In the limit asd — 0, op-
erating leverage is stochastically dominant if y < B2/6, and stochas-
tically dominated otherwise.

Proposition 3B. . IfAB%/0 < y + U(y) < B%/6, then the unique per-
fectly competitive equilibrium can be constructed as the limit, when
d + 0, of a sequence of approximate equilibria with the aggregate
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capital and the number of entrants:
K(n)=K@") =, n"=un, (23)

with v; = 0O(1/8). In these approximate equilibria, labor-intensive
firms do not produce in (2) for the small market, m = 0: Q1 (3, V1) >
Ooo(x1, 1) = 0. .Inthelimit asd — 0, operating leverage is stochasti-

cally dominant if
Uy 2
2} z'n(-ﬁ——l).
14 yé
Operating leverage is never stochastically dominated.
Proposition 3C. If y + U(y) < AB%/8,then the unique equilibrium

for each cost of entry, 0 < § < oo, has the aggregate capital and the
number of entrants:

K(n') = K(n*) = «3, n* =v,,

with v, = 0(1/8).In these equilibria, labor-intensive firms never pro-
duce in (2): Qom(k2, v2) =0, for m = 0, 1.. Also, operating leverageis
stochastically dominant if

UG, L 1+2E—atp)
ry 7 G-atp?

This inequality becomes necessary and sufficient as & — 0. Operating
leverage is never stochastically dominated.

These equilibria have plausible properties. If the cost of entry is
very small, then the number of entrants in equilibrium n* is very large,
while the number of capita-intensive firms K(n*) is relatively small.
In these equilibria two costs are critical: the fixed cost of capital-inten-
sive production y and the dissipation from perks, y — U(y). When the
former cost is sufficiently large and the latter cost is sufficiently small,
so that the inequality in Proposition 3A is satisfied, then al firms are
labor-intensive in the competitive equilibria. With small costs of entry,
many firms enter and none become capita-intensive: vy = O(1/+/8)
and K(n*) = 0. As a result, all entrants earn only competitive profits.
RlK(n*), n*] =~ 8. Alternatively, if capital-intensive production is not
too costly and perks are sufficiently dissipative, then even more firms
are induced to enter: vy = O(1/8), for s = 1, 2. Nevertheless, a few
firms aways invest in the capita-intensive technology: x5 > 0 with
ks/vs = O(8), for s = 1, 2. Capital-intensive firms always produce
large outputs profitably, while labor-intensive firms fail to produce in
a least one market and, under the conditions of Proposition 3C, fail in
both markets. At best, labor-intensive firms axe small and unprofitable
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relative to capital-intensive firms: Qo1(k1, 1)/ Qui(k1, v1) = O(/3) and
Yo1(x1, v1)/ Y11 (1, v1) = O(8) in Proposition 3B. In this sense, some
capita-intensive firms can persist and prosper in large markets, while
many small, labor-intensive firms enter and then fail. Even vanishingly
small costs of entry are not sufficient for competitive profits. Costly
agency access to capital effectively becomes another barrier to entry.

The equilibria have other interesting properties. If the cost of entry
d is sufficiently small, then the upper bound on feasible capital (13)
is always weakly binding: K(n*) = Kx(n*) < K;j(n*) in (22) through
(24). If the aggregate capital-intensity k were not restricted to an in-
teger, then this upper bound would aways be strictly binding in (23)
and (24). This has three implications. First, the NPV of capital-inten-
sive production is positive in the equilibria of Propositions 3B and
3C. Because the NPV of foregone investment is positive at the mar-
gin, capital is effectively rationed in these equilibria. Second, capital
rationing affects the endogenous risk of operating leverage. With ra-
tioning in Propositions 3B and 3C, the capita-intensive technology
is either stochastically dominant or more risky than the labor-inten-
sive technology, but never stochastically dominated. Finaly, optimal
capital structures for capital-intensive firms can be tightly constrained
in the latter equilibria, (23) and (24). As illustrated in Figure 2, the
feasible set of capital structures is smaller, other things equal, when
the number of capital-intensive firms k is closer to the upper bound
K,(n). When the upper bound is binding, k* = K,(n) < K,(n), and
the integer constraint is not, Ky(n) = K3 (n) from (A14) in the Ap-
pendix, then the interior of the feasible set is empty and all optimal
capital structures are restricted to the dark line.

Numerical Solutions. In general, the number of entrants in equilib-
rium must be calculated numerically. Numerical solutions for selected
values of all parameters are shown in Table 1. Values of the parame-
ters for the base case are shown in the upper left. At the head of each
column is the value of the parameter that is perturbed; only it can be
different from the base case. Just below is the number of entrants in
equilibrium n*, and below that is the number of capital-intensive firms
K(n*). For example, in the base case the industry has in equilibrium
9 entrants and 2 capita-intensive, firms. n* = 9 and K(n*) = 2. In
most cases the equilibrium is second-best: K(n*) = K;(n*) < Ki(n*).

The next three numbers measure the marginal return from invest-
ment in equilibrium. The first such variable, MR,, is the margina re-
turn from the labor-intensive technology, calculated as the NPV per
dollar invested in entry: BIK(n*), n*}/6~1. The next variable, MR;, is
the marginal return from capita-intensive production; also caculated
asthe NPV per dollar invested in entry: {K[K(n*), n*}—y}/8—1. Inthe
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Table 1
Numerical solutions*

parameter values for the base case variables in rows

o =20 ”
=05 K(r*)
y =500 MR,
& = 100 MR,
¢t =40 MRS
n=10 MRS,
8 = 0005 GRR
=05 NRR
Uy)/y =0.5 RS
B reduction in variable cost
with capital-intensive technology
.25 .50 75
10 9 14
2 2 4
0.074 0,500 -1.000
~1.403 2.500 2650
~0.295 0.600 0.730
-0.386 0.400 0.210
0.255 -
- 0619 -
— 17.00 o0
& cost of entry into industry
50 100 150
14 9 6
1 2 . 3
. =0.244 ~-0.500 . —~0.660
5.089 2.500 : 1.245
0.533 0.400 0.571
0.400 0.600 0.286
0.223 0.255 0.274
0.589 0.619 0.682
21.29 1700 16.40

a vnrlable cost of production with labor-intensive technology

2.0 3.0
‘3 9 . 2
3 2 2
—0.566 —0.500 0.111
2.291 2,500 3.444
0.571 0.600 0.667
0.429 0.400 0.000
0.235 0.255 -
0.593 0619 -_—
19.12 17.00 —
’ y fixed cost of investment
in capital-intensive technology
200 500 800
6 9 10
6 2 0
-1.000 -0.500 : 0.074
0.776 2.500 1.620
0.888 : 0.600 0.193
0.276 0.400 0.080
—_ 0.255 -
— 0.619 —
-— 17.00 -
¢ intercept of inverse demand curve
in weak market, m = 0 )
3.0 4.0 5.0
2 9 : 13
2 2 : 3
0.111 ~0.500 -0.556
3.444 2.500 229
0.667 0.400 0.571
0.000 0.600 0.429
- 0.255 0.235
— 0.619 10.593
—_— - 17.00. 19.12

'Atdlehadofadlmlumnlsmeva}ueofmeindlaummxmr

column are nine numbers. From top to bottom these n

All other parameters have the values in the base case. Below the head of each
as follows: (1) n*~—the total number of firms entering the industry in equilibrium;
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' Table1

Continued’
n incremental inverse demand 8 slope of inverse demand with
in strong market, m = 1 respect to aggregate output g
0.0 1.0 20 0002 0005 0008
7 .9 11 26 9 8
2 2 3. é 2 0
—0.688 -0.500 =0.549 -1.000 -0.500 0.003
1.812 2.500 1.951 3.439 2,500 1.600
0.500 0.600 0.500 0,888 0.600 0.319
0.500 0.400 0.167 0.276 0.400 0.181
— 0.255 0.284 - 0.255 0.370
— 0.619 0.765 —_ 0.619 1.080
25.00 17.00 17.62 ) (] 17.00 7.57
x probability of strong market U(y)/y wutility of perks
with high demand, m =1 relative to cost of perks
.23 50 75 25 50 75
8 9 4 4 9 10
2 2 4 4 2 1
-0.568 ~0.500 -0.400 —-0.600 -0.500 - -~0.298
2210 - 2,500 2,600 1.400. 2.500 3.339
0.556 0.600 0.600 0.400 0.600 0.727
0.444 0.400 0.000 0.000 0.400 0.545
0.211 0.255 - - 0.255 0.282
0.538 0.619 -— - 0.619 0.607
19.00 17.00 — -— 17.00 13.29

#(2) K(n*)—the number of caphal-intensive firms in equilibrium; (3) MR,—the marginal return from labor-intensive production, calculated as the -

NPV per dollar of entry cost, R{K*(s"), n*]/8 — 1; (4) MR,—the marginal return from capital-intensive production, calculated as the NPV per dollar
of entry cost, {R[K*(n*), n*] ~ y}/8 ~ 1; (5) MRS—ihe return of switching from labor-intensive to capital-intensive production, calculated
as the incremental NPV per dollar of investment, AFIK*(11°), 1°)/y - 1; (6) MRS,—the marginal return in the small market, m = 0, of switching from
labor-intensive to capital-intensive production, calculated as the incremental cash inflow per dollar of investment, A KIK*(n*), n*l/y —1; (7) GRR—
the gross relative risk, calculated as the coefficient of variation for the cash inflow (3) from a capital-intensive firm divided by the corresponding
value for a labor-intensive firm; (8) NRR—the net relative risk, calculated as the same ratio, but with cash inflow from the capital-intensive firm
measured net of the fixed cost of investment y; and (9) RS—the relative size of a capital-intensive firm, calculated as the expected cash inflow (3)
from a capital-intensive firm, divided by the corresponding cash inflow for a labor-intensive firm.
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table MR, is both positive and negative, whereas MR, is almost aways
positive and often substantially so: These results reflect the gamble
that firms face upon entry. In (20) a firm becomes capita-intensive
with probability K(n*)/n* and labor-intensive otherwise. Because
capital-intensive firms can earn substantial profits in a second-best
equilibrium, competitive entry in (21) guarantees that labor-intensive
firms often earn negative returns. Finally, the variable, MRS, measures
the margina return of switching from labor-intensive to capital-inten-
sive production, as reflected in the incremental NPV per dollar of
investment: AF{K(n*), n*l/y —1.These returns are also positive with
one exception and often quite large. Such large margina returns to
investment suggest that second-best equilibria can have substantial
dissipative costs of agency.

The next number in each column measures the endogenous risk
from operating leverage. The variable, MRS,, is the margina return
of switching from labor-intensive production, j = 0, to capital-inten-
sive production, j = 1, in a smal market, m = 0. It equals the in-
cremental cash inflow in the smal market per dollar of investment:
"AYylK(n*), n*l/y —1. |If this return is nonnegative, then capital-inten-
sive production is stochasticaly dominant-case(a) in (4)-otherwise
it is more risky than labor-intensive production. In a second-best
equilibrium, operating leverage cannot be stochastically dominated-
case (C) in (4) — SncA V(K (n*), n*] > AFIK(n*), n*] > y.As in-
dicated, MRS, is nonnegative in al but one case, so that the capitd-
intensive technology is stochasticaly dominant in al but one case.
This result reflects the binding investment constraint (9) in the second-
best equilibria that severely restricts aggregate corporate investment.

The next two ratios also measure the risk of a capital-intensive
firm relative to a labor-intensive firm. The gross relative risk, GRR, is
the coefficient of variation for the cash inflow (3) in equilibrium for
a, capitd-intensive firm divided by the corresponding coefficient of
variation for a labor-intensive firm. The net relative risk, NRR, is the
same ratio with one modification; for a capital-intensive firm, the cash.
inflow (3) is measured net of the fixed cost of investment y. In both
ratios coefficients of variation are used to adjust for the substantialy
different sizes of the two firms. As indicated by the dashes in the table,
relative risk is undefined in the 10 equilibria without labor-intensive
firms. K(n*) = n*. In al remaining equilibria GRR is much less than
one, while NRR is less than one in all remaining equilibria but one. By
these additional measures, small labor-intensive firms are again more
risky than large capita-intensive firms. Surprisingly, large firms are less
risky despite the operating leverage from capital-intensive production
and the absence of diversification in this model. This result reinforces
the previous observation that operating leverage does not increase
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risk because outside investors severely ration corporate capital in the
second-best  equilibria

The last number measures the size of a capita-intensive firm rela-
tive to a labor-intensive firm. The relative size, RS, equals the market
value of a capitd-intensive firm relative to the corresponding market
value of a labor-intensive firm: RIK(n*), n*l/ BIK(n*), n*]. Again, as
indicated by the dashes in the table, relative size is undefined in al
equilibria without labor-intensive firms. In two equilibria labor-inten-
sive firms fail in both markets, GomlK(N*), n*] =0 for m =0, 1, and
hence have no market value. In these equilibria the relative size is
infinite, again as indicated in the table. In al remaining equilibria,
capital-intensive firms are much larger than labor-intensive firms. The
smallest relative size is 7.57; in the base case it is 17.00.

Some comparative statics from the table are worth noting. First,
the dissipative costs of agency decrease as the dissipation from perks
increases. Specificaly, smaller ratios, U(y)/y,are associated in equi-
librium with smaller margina returns, MR,, MR, and MRS. This seem-
ingly surprising result has a simple explanation. When perks are more
dissipative, the investment constraint (8) is less binding, so that in-
vestments with smaller, positive NPVs are financed in equilibrium.
Second, the margina returns, MR,, MR;, and MRS, are not monotone
in severa parameters, including the fixed cost g and the entry cost
d. These complex comparative statics reflect the relationship between
profitability and both-entry and investment in equilibrium, the latter
as measured by n* and K(n*). Given the complex comparative statics,
it is not surprising that so many of the empirical results on industria
structure and performance are contradictory.”

. Extensions

21

Competition. In this model firms compete only in the product mar-
ket. All firms in a representative industry produce a homogeneous
good with a decreasing aggregate demand curve, so that the output
of any one firm affects the price and thereby the optima outputs of
al other firms. In turn, this affects the optima investment and thus
the optimal capital structure of each firm in equilibrium. In fact, firms
compete in multiple markets. For example, a variable input used by
al firms in an industry can have an upward sloping aggregate supply
curve, or the cost of the capital-intensive technology to each firm can
increase with the aggregate investment by al firms. In either case,
if the cost curves are linear, then the equilibria can be characterized

See Schmalensee (1989) and the references cited therein.

460



Financial and Industrial Structure with Agency

explicitly, as in this model: In particular, if the average variable cost
per unit of output is linear in the aggregate demand by al firms for
the variable factor, then the parameter 8 is replaced everywhere by
the sum of the coefficients from the inverse demand and supply func-
tions, otherwise, the previous solution is unchanged. Alternatively, if
the cost of capital is linear in the aggregate capital, then fewer firms
are rationed in the second-best equilibrium relative to the first-best
equilibrium. As firms are rationed and the cost of capita is reduced,
the investment and financia constraints, (8) and (9), are relaxed, and
more firms are financed in equilibrium.

Inside cash. In the model al firms start with no inside cash and
identical opportunities to invest. In this case, the subgame starting
in the second period has multiple Nash equilibria, distinguished only
by the identities of the k* capital-intensive firms. Fortunately, this
unappealing indeterminancy is easily eliminated by introducing some
redlistic heterogeneity across firms. Specifically, some firms can be
endowed with internal cash. In this case, a ‘pecking order” develops
in which firms with more internal cash invest before firms with less
initial cash. For example, some firms can start with no cash, while
al others begin with the initial cash ¢ satisfying 0 £ ¢ < g In the
resulting subgame perfect equilibria, al firms with inside cash invest
if some firms without initiad cash also invest. Also, depending on the
parameters, at least some firms with internal cash invest even when
no firm without initial cash invests. These results follow immediately
from a minor modification of the financial constraint (9). For firms
with internal cash, the required capital g is replaced by the difference
g - ¢. This relaxes the financial constraint (9) and thereby raises the
critical number of capita-intensive firms, K,(n) in (12), for firms with
internal cash above the corresponding value for firms without interna
funds. Thereby, firms with interna funds are less severely rationed
than firms without such funds.

Other securities. In this model each firm is restricted to external debt
and both external and internal equity. In fact, firms can issue a compli-
cated mix of securities, including secured and unsecured debt, callable
and convertible debt, and preferred stock to insiders, together with
sdaries, bonuses, and warrants to insiders. Additional securities have
no effect on the previous results, other than enlarging the feasible set
of capital structures. For example, if al insiders are compensated with
warrants rather than internal equity, then the lower bound on optimal
debt in Proposition 2 is replaced by a lower bound on al externa
securities that are senior to warrants. Otherwise, the previous results
are unchanged. If managers are risk-averse, then the second-best so-
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lution in Propositions 1B and 2 may be precluded by the trade-off
between optimal risk-sharing and efficient investment. This tradeoff
may persist even with multiple corporate securities. Alternatively, if
managers can consume perks from the fina cash flows in period 4,
then these perks may effectively function like senior securities. As in
Williams (1987), this result depends on the priorities between debt,
equity, and perks. If perks precede principa plus interest on debt,
then perks in the fina period may also preclude the above second-
best solution.

Markets. In Section 3 aggregate demand is restricted to one of two
possible states: a small market, m = 0, and a large market, m = 1.
With more discrete states or even continuous states, the previous re-
sults change only dightly. Again, focus on Figure 2. As illustrated,
the minimum optimal debt of a capital-intensive firm B(n*)is deter-
mined in large part by the cash flow from a labor-intensive firm in
the larger market, ¥p:{K*(#*), n*l. If the aggregate capita-intensity k
could be any nonnegative real number, rather than an integer, then
the interior of the hatched area would be empty at a second-best so-
lution and the minimum promised payment would be equa to this
cash flow. With many discrete markets, m = 1,. . . , M, or contin-
uous markets, 0 £ m £ M, the cash inflow in the largest market
M is again critical. For example, if k could be any real number,
then the minimum promised payment on debt in the second-best
solution would be You{Kz(7n*), m*]. In this case, the minimum op-
timal debt of a capital-intensive firm would be larger, other things
equal, with more states of the market M. Moreover, this larger min-
imum debt may make the previous results more realistic. For ex-
ample, with two states, M = 2, and the largest possible minimum
payment, B(n*) = max{¥nlK(n*), n*], Y1olK(n), n*l}, the resulting
debt-to-value ratio, Bi{B(n), K(n*), n*}/RIK(n*), n*], is roughly in
the range of .10 to .15 for the numerical solutions in the table.

Technology. For expositional ease, each firm was previously assumed
to have one of two possible technologies. labor-intensive, j = 0, or
capital-intensive, j = 1. With other discrete or continuous technolo-
gies, the previous results are atered either dightly or substantialy,
depending on the specifics. As argued below (8), the main results
in this article require at least two distinct technologies satisfying two
properties. The choice between the technologies must satisfy an in-
vestment constraint like (8), and neither technology can dominate the
other. For example, each firm i could have an average variable cost
C(k) that decreases continuoudly its capital intensity, ki 3 0. The
cost function C could be concave on some initial interval and ‘convex
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thereafter. This could produce two local optima: one a the comer,
ki = 0, and another at an interior point, conveniently normalized at

k; = 1. Again, the two technologies, 0 and i, must be sufficiently sim-
ilar so that switching between technologies after securities have been
sold to outsiders cannot be precluded contractualy. In other words,
the investment constraint (8) must apply to these two technologies. In
this case, capital would again be rationed in equilibrium, as in Propo-
sition 1B. With this technology, however, managers may consume dis-
sipative perks in equilibrium, unlike the results in Section 3. If the cost
function C is convex around the loca maximum at k; = 1, then the
sharp distinction is lost in the investment constraint (8), and thereby
Figure 2, between investment without perks and perks without in-
vestment. Instead, manager i would invest marginaly less cash and
consume marginaly more perks with either dightly larger fractions of
outside equity & or dightly larger promised payments on debt b,. In
equilibrium, firms with the capita-intensive technology would then
forego at the margin some investments with positive NPV. Otherwise,
the previous solution would be unchanged.

With other technologies the previous solution can change radicaly.
For example, the average variable cost of production C could be con-
vex everywhere. In this case, one solution dominates dl others, and
al firms choose the same capita and produce the same output in
equilibrium. The distinction then disappears between labor-intensive
and capita-intensive firms. Alternatively, two technologies could be
local optima on a discrete or continuous set of technologies, and some
contractual constraints on perks could be legally enforceable. For ex-
ample, investors and courts could observe and penaize large but not
small perks, so that another investment constraint, like (8), would
apply locdly only to small perks. If the perks gained by switching
between technologies were large, then the switch could be precluded
contractualy. In this second case, the investment constraint (8) and
thereby the upper bound in (13) would not constrain aggregate invest-
ment in equilibrium, rationing could not occur as in Proposition 1B;
and large, capital-intensive firms would not necessarily sell at least
some debt as in Proposition 2. Instead, the second-best equilibrium
would be characterized by some foregone investment at the margin,
as in previous models of corporate agency with isolated firms. In equi-
librium, investment and perks would still reflect competition among
firms in the product market, but outsiders would not ration capital.

. Conclusion

The literature on corporate agency has produced some now familiar
predictions: if a manager maximizes his persona welfare, then, de-
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pending on his firm's capital structure, he may pick excessively risky
projects, forego profitable projects, and consume dissipative perks.
With few exceptions these standard results have been derived for
a single firm in isolation, rather than an industry in equilibrium. As
shown by the exceptions, the equilibrium may have very different
properties if firms within an industry compete in a product market.
This suggests that the standard predictions may have only limited
empirical content. More importantly, the theoretical literature on cor-
porate agency has yet to explain the limited empirical evidence on
financial and industrial structure. This evidence includes the observed
correations between a firm's profitability, its physica capital, and the
book value of its debt.

In this article, corporate agency is shown to have interesting empiri-
cal implications for financia and industrial structure. If the fixed cost of
the capital-intensive technology is sufficiently small, then some firms
are forced in equilibrium to forego investments with positive NPVs-
but for different reasons than those discussed in previous papers. The
managers of more firms would like to invest in capita-intensive pro-
duction, but they cannot credibly commit to avoid dissipative perks.
Thus, some firms cannot sell to outside. investors sufficient securi-
ties to raise the cash required for the capital-intensive technology. In
equilibrium, capita-intensive firms are then profitable, while labor-
intensive firms can be unprofitable when measured net of the cost
of entry. Also, capita-intensive firms are aways larger than labor-
intensive firms and much larger in the numerica solutions. Despite
their operating leverage with their higher fixed cost and lower vari-
able costs, capital-intensive firms are aso less risky in the numerical
solutions than labor-intensive firms. In equilibrium, capital-intensive
firms finance their investments with at least some outside debt but do
not have unique optimal capita structures. Even as the cost of entry
approaches zero, capita-intensive firms can earn extraordinary prof-
its, while labor-intensive firms can fail; In this sense, access to capital
effectively becomes a barrier to entry with costly agency.

Appendix
Derivation of the optimal outputs (2). The optimal output from (1)
is
1 . .

ql'm = gmax{o,c +nm—0q:,m—a+ﬁk,}, (Al)
for firms, i =1, ..., n, and markets, m = 0.1. These equations have a
symmetric solution within technologies. g, = Qim(k, 1), with j = k&
for al firmsi =1, ....,n. Thisisthe unique solution in pure strategies

by the argument in Szidarovsky and Y akowitz (1977). All other firms
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produce the total quantity: g*,, = (1~ k= 1)Qom(k, 1)+ EQim(k, 1)
if =0, and g, = (1 — £)Oom(k, 1) + (& ~ 1)Qum(k, 7) If by = 1.
If Qym(k, n) > 0 then (A1) has the unique solution:

t+nm—-a-— ﬂk)
n+1 ’

Otk =3 (B1+ (A2)

for j = 0.1. Alternatively, if Qom(k, #) = 0, then (A2)has for j = 1
the unique solution:

_t+qm—-a+p
Oim(k, n) — o(k+1) (A3)

Together, (A2) and (A3) imply (2).

Calculation of the incremental cash inflow in (4). The incremental
cash in&w, AY,(k,n) = Yiu(k n) — You(k — 1,n) is caculated
directly from (3). If 0 < k < (¢ + nm —e)/B, then (3) implies that

Bn

Atk )= v 7

ﬁn+2(§+nm a+p)- Zﬁk] (A4)

Alternatively, if ¢ +qmym—a)/B8 <k <1+ (& +nm—a)/B, then (3)
gives

_1(t+nm—a+p\
AYu(k. m) = 5( E+1 )
1/t +nm—a+p—BEk\? '
B 5( n+1 ) . (A5)
Findly, if i+ +nm—a)/B < k< n then (3) yields
_1{t+qm—-a+p)?
AYn(k, n)—b;( e ) . (A6)

All properties of the incrementa cash inflow that are identified below
(3) are derived from (A4) through (A6).

Properties of the investment and financial constraints, (8) and (9).
When a firm switches from labor-intensive production, j = 0, to
capital-intensive production, j = 1, it reaizes the incremental vaue:
AF(k,n) = F(k, n) — K(k—1,n) Its stock has the concurrent in-
crement: AS(b, k, n) = $i(b, b, n) — (b, k—1,n). If Yoo(k—1,n) <
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Yio(k, n) < Yo1(k— 1, n) < Y;;(k, n), then the latter value is

AF(k,n) 0<b<Yolk—1,1n)
: AF(k,n)— (1 —m) '
AS(k,n) = { x[b—Yoo(k—1,n)] Yoo(k—1,n) <b< Yok n)

rAYi(k, n) Yio(k, 1) < b < Yoi(k—1, n)
n[Yi1(k, n) — b] Yoi(k—1,n) < b < Yi1(k, n).
(A7)

Alternatively, if Ypo(k—1, n) < Yo(k—1, n) < Yo(k, n) < Yii(k, n),
then the stock’s incremental vaue is

AF(k, n) 0<b< Yolk—1,1)
. AF(k,n)— (1 —m)
AS(k,n) = { xIb— Yoo(k—1,n)] Yoo(k—1,7m) <b< Yn(k—1,n)
‘ ’ : I:l(kv n)_ b }’Ol(k—'lv n) =< b< y'lO(k' n)
”[nl(ko n) - b] YIO(ka n) =< b < },ll (kv n)'
' ' ' " (A8)
The two cases, (A7) and (A8), are mutualy exclusive and exhaustive.

The investment and financial constraints can be rewritten as fol-
lows. Define the lower and upper bounds:

~ - F(k,n)—y
Ab, by n) = 1 SGED
= 4. _U»
: A(b,k, n=1 " A, k) (A9)
With this notation the investment constraint (8) is
a; <A, 1+ &, n), (A10)

for 0 < b < 1 (1 + &%, n).Smilarly, the financial constraint (9) is
ay ?.._4(bh k‘y n)o . - - (All)

for -0 < b, < Y11 (k*, ). The upper (lower) bound in (A9) is decreas-
ing (increasing) in k. Also, the upper (lower) bound is decreasing
(increasing) innif 0 < k < (¢ +n—a)/B. Figure 2 is drawn from
(A10) and (A11) for case (A7).

Derivation of thefirst-best and second-best aggregate capital in (12)
and (13). Temporarily ignore both the integer constraint on the
number of capital-intensive firms k and the remaining bounds, 0 £
k £ n. Without these congtraints the optimality condition (12) for the
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first-best aggregate capital simplifies to

forn=1, 2. ... The difference AF is decressing everywhere in k.
Also, it satisfies the comer conditions.AF(~oc, n) > y > AF(oo, n).
In this case, (A12) is both necessary and sufficient for a unique, real-
valued, first-best aggregate capita-intensity K;(n).

Next, consider the second-best, real-valued aggregate capital-inten-
sity. If firmi invests, k; = j = 1, then its capital structure (a;, b;) must
satisfy the investment and financial constraints, (A10) and (All), and
the inequalities, 0 < a; < 1 and 0 < b, < Yii(k*, n).Again, the
continuous lower (upper) bound in (A9) is everywhere increasing
-(decreasing) in k. Also, the bounds in (A9) satisfy the comer condi-
tions: A(b, —00, n) — A(b, —00, n) > 0 > A(b, 00, n) — A(b, 0o, n).
Thus, there must exist a finite real numbe&;(n) such that

K3 (n) = max{k>0: A(b, k, n) <A(b, k, n),
_ for some 0 < b < Yi1(k, n)}, (A13)

forn=1, 2, ... To smplify (A13), note that the bounds in (A9) have
-the following properties: AS(b, &, n) < 51(b, k, n) with an equality if
and only if b> Yo(k—1, n); Fi(k, n) > Fi(k+1, n), for dl feasible
k and n; and F(—o0,n) > y > F(oo, n). With these properties,
the second-best, real-valued, aggregate capital-intensity K(n*) from
(A13), is uniquely determined by the condition:

¥ + U() = RIK; (n), 7, (A14)

withb > Yp(k—1,n)foreachn=1, 2, . ..

The first-best and second-best number of capita-intensive firms
follow immediately from the unique solutions to (A12) and (A14).
Represent by [Z] the largest integer not exceeding the real number z
z—1 < [2] < z.WUsing this notation, define two integers:

0 K,‘(n) <0 -
Km={ [K(m O0<K(m)<n (A15)
1ln n < K}(n),
fors=12 andn=1, 2, ....Wihs=1, theinteger (A15) is the

first-best number of capital-intensive firmsin (11). With s = 2, it isthe
second-best number or, equivaently, the upper bound on the number
of capital-intensive firms in (13).
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Proof of Proposition 1A. If U(y) = 0, then (A12) and (A14) imply that
RlIKG(n),nl=y = AFIK(n), nl < RIK{(n),nl. ~ (Al6)

Because F, is decreasing in k, thenKy < K3,so that K; £ K, from
(A15). This produces the desired result: k* = K;. The monotonicity
of Kfand thereby K; follows from the monotonicity in (A12) of AF
with respect to k.

Values of firms. If0 < & < (¢ — a)/B, then labor-intensive firms,
j = 0, produce in both markets, m= 0, 1. Given (3), labor-intensive
and capital-intensive firms then have the respective values.

Rk, n) = €+ —a- BB +0°r(Q —m)]  (A17)

1
0(n+1)?

and

Filk, 1) = 5(—;—:;3;[[; +nm—a+B(n—k+ )P +tr1—m)). (A18)

Alternatively, if ( ~a)/f < k < (¢ +n—a)/p, then labor-intensive
firms produce only in the large market, m = 1. In this second case,
the two types of firms have the values.

— Y — 2
Fo(k, ) = % (E—ti’;f—l—ﬂ—k) (A19)
and
_1-m (t—a+B)\?
Al n) = —5 ( E+1 )
—a — Bk\?
+%(ﬂ+ﬁ"7fl—ﬂ—). (A20)

Finaly, ifk> (¢ +n—a)/B, then labor-intensive firms never produce.
As a result, the two types have the values. Fy(k, n) = 0 :and

Fi(k, n) = [@+nr —a+ B +n*r(1 —m)], (A21)

1
6(k+ 1)2
forn=1, 2,. ... For labor-intensive firms, the valuation function F, is
continuoudly differentiable in the k, for all k 3 0. For capital-intensive
firms, the valuation function F; is continuous and piecewise differen-
tiableon k 3 0, with kinksat = (¢ ~a)/Band k= (L +n—a)/B.
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Proof of Proposition 1B. The monotonicity of K3 in (A14) and thereby
the monotonicity of K, in (A15) follow immediately from the mono-
tonicity of F; with respect to k and n. For the remaining results
it is sufficient to show thatKf(n) > K7 (n) for 0 < y < I'(n)
and Kf(n) < Kj(n) for T(n) <y < oo.
tion, temporarily suppress the variable n and expressKy and K3
from (A12) and (A14) as functions solely of the cost y. With (A12),
(A14), and the monotonicity of AF in g, then K¥ > K only if
U=F(K)—y =AFK}) — v + R(K}) > AF(K}) — v + F(K3) =
R(K}) > R(KY). Alternatively, if K < K3, t then the same argument
yidds U < R(K}) < FK(KY). Therefore, it is sufficient to show that the
continuous function, G = U~ FK(KY), is positive on an initia interval,
0 <y < T, and negative on the subsequent interval, T <y < o0.
The function G has the following properties. It is piecewise con-
tinuoudly differentiable everywhere in y except possibly at the above
kinks in F;. These kinks can occur only at two values, g, and g,, such
that Kf(n1) = (¢ +n —a)/B and K3 (y2) = (¢ — @)/B. These two
costs, 0 < y1 < y2 < 00, « correspond to the smallest values of k such
that Qom(k, ) = 0 in (2) for m= 1 and m = 0, respectively. These
properties follow from (A17) through (A21) and the monotonicity of
K} in y. In turn, these two possible kinks define three intervals: (a)
O<y <y, ®My <y <y, and () y: <y <00 On each of these
three intervals, G has the dope:

AK,/dk
3AF/ok’

evaluated at k= K{'(y).This derivative is caculated using (A12).

Focus first on the initial interval (3). Here, the aggregate capital,
k = K} (y), satisfies k> (£ +n —a)/B. In this case, the slope (A22)
simplifies to G’ = U’ > 0. Also, with U(0) = 0 and the argument in
Proposition 1A, G has the initial vaue: G(0) = 0. Thus, G is positive
on (a), so that ;1 < I'(n).

Next, consider the intermediate interval (b). Now, the aggregate
capital, k = K} (y), satisfies ({ —a)/B < k < ({ +n—a)/B.In this
second Situation, the slope (A22) is

Kl. _ §in—a
£ (A23)

2 ’
1-m (n4+1)
n+ (1 + Lﬁ_g) s

for 1 < ¥y < y.In the second term of (A23), the numerator is
decreasing in y, and the denominator is greater than 1. Given these
properties and U” < 0 < G(31), the function G can have at most one
zero on (b). Also, if G has a zero on (b), then G(yz) < 0.

G=U - (A22)

G=U+
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Finally, focus on the upper interval (c). Here, the aggregate capital,
k = K(y)satisfies 0 < k < (¢ — a)/B.In this final situation, the
dope (A22) is

K;_ﬁﬂm
(.‘=_U'+-—n——"—, (A24)

for y2 < ¥ < o0. Since K¢ is decreasing in y, then G is dstrictly
concave on (c). Under the hypothesis in the proposition, n/(n+1)? <
B/ — a + B), if G(12—) < 0, then G'(32+) < 0.In this case, if G
has a zero on (b), then it can have no zero on (c), whereas if G has
no zero on (b), then it can have a most one zero on (c). Also, if G
has a zero on (b) or (c) then and only then G(eo) < 0. Therefore,
the bound in (15) satisfies 0 < F(n) < oo if and only if G(oo) < 0;
otherwise, it satisfies '(n) = oo. Since AF is decreasing in k and
AF(0,-) < oo, then Ki(n,y) < K}(n, y) =0 for al sufficiently large
y. Thus, U(co) = U(co) ~ RK(0, n) > 0, and the desired results follow
from the indicated inequalities for U(oo) and F(0, n). This completes
the proof.

Notation for Propositions 3A-C. First, define the constant:

C+ngr—a+ B2 +n’*n(1~-n)

2
A= C+n—a+p) (A23)
It satisfiesw < A < 1. Next, construct two constants;
. ' 1-nx o
K= .a+ﬁ)‘/ T (A26)

and

‘ ’ A
K-;E(C'{"T)—d'*'ﬁ) m—_l. (A27)

These constants have the corresponding integers. «, = [x?], for s =
1, 2. In turn, each integer is associated with another constant:

V= falU(y) ‘ - (A28)

and

(A29)

. Kz[(§+nﬂ—a+ﬂ)2+nzx(l—rr) ]
sz— -¥Yl.

) 02 + 1)

The latter constants have the corresponding integers. v, = [v?], for
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s = 1, 2. Finally, construct the constant:

vy = J—-[(;‘ + - ¢Jt)2 + nzzr(l -ml-1, (A30)

and the corresponding integer vy = [v}]. For notational symmetry,
the latter integer is matched with the integer ko = 0. The parame-
ters, x5 and vg, for s = 0,1,2, are shown in Propositions 3A-C to
be the aggregate capital and the number of entrants in three limiting
economies.

Proof of Proposition 3C. If& = (¢ + n — a)/B, then labor-intensive
firms never produce, and the two types of firms have the values:
Rk, n) = 0and (A2l). Inserting these values into (A12) and (Al4)
givesky(m) = (L +n —a+ B)JA/yf — 1 and K3 (n) = «}. The
first function is strictly larger than the secondKky > K3 From its
definition in the text above Proposition 3A, the constant «; satisfies
k3 > (¢ +n—a)/p if and only if y + U(y) < AB%/6. Because the
latter inequality holds by hypothesis, the above upper interval for k
applies, along with the subsequent results. In this case (A15) requires
that Ky(n) = K(n), for n = 1,2,.... Also, with F(k, n) = 0, the
maximand (20) simplifies to

V() = Z{Filk. m) - ), @

with s = 2. Inserting (A21) and (A3l) into the optimality condi-
tions (21) yields n* = v,. The results on stochastic dominance follow
from (4); (24), and (A6).

Proof of Proposition 3B. Under the hypothesis, ¥ 4+ U(y) > AB%/8, the
above proof of Proposition 3C ensures that K*(n) > (¢ +n—a)/B, for
some red valued n, only if K*(n) =«x; < ({+n—a)/B,a contradiction.
Hence, the hypothesis requires that K*(n) < (L +n—«a)/B, for n =
1,2,.... In this case, (A1l7) through (A20) apply, so that switching
from labor-intensive to capita-Intensive production has the value:

L
8(n+1y2

for0<k<( —a)/ﬁ .and

AF(k, n) = [Brn+ 2({ +nr —-a+ p - Bh), (A32)

¢ —a+p)\?
E+1

AF(k, ﬁ) = 0 (

\_/
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for (¢ ~a)/B < k < ({+n—a)/B.]1 Because F, and AFare now decreas-
ing everywhere in both k and n, then K7 and K¥ from (A12) and (A14)
are decreasing everywhere in n. This Ieaves two possibilities. The first
possibility, (¢ —a)/B < K*(n) < (¢ +n—a)/B, forall n=1,2,.
is considered here. The remaining possibility, K*(n) < (¢ — a)/B for
some n, is considered in the proof of Proposition 3A.

With(z —a)/8 < k < ( +n—a)/B, ' the two types of firms have
the market values, (A19) and (A20), and the incremental value (A33).
both (A20) and (A33) have the same uniform approximation:

[ (t—a+BV
F](k,n),AF(Ie,n)—»E[(l ”)(—k+l )+ﬂ n]

+0 (1) , | (A34)
n

as n — 00. Because y+U(y) > AB?/0 > mB?/0,then Equations (A14)
and (A34) imply that K3(n) — «§ as n — oo. Also, (A12) and (A34)
imply that K'(n) > K3 (n),and thereby Ki(n) > Kx(m)for all suffi-
ciently large integers n. Insertlng (A34) with & = & into (A31) with
s=1 yleldsV(vl‘) é§= O(l/v1 In addition, 7 > (¢ —a)/B holds
if v + U(y) < B%/6. Hence, (23) holds if & ﬁ2/0 <y + UQy) < B%/8.
The results on stochastic dominance then follow from Equations (4),
(23), (A4), and (A5).

Proof of Proposition 3A. In the remaining case, the optimal aggregate

capital satisfies K*(n) < (¢ — a)/B, for some integer n. In this case,
(A14) and (A18) imply that

4t —a
B

- U D =R =m).  (A35)
ﬁ 4

Km =n+1+

This function is strictly decreasing in n, with the limit:

K A Tooi<o, (A36)

n+1 B

as n — 00. The inequality in (A36) follows from the hypothesis of
the proposition: y + U(y) > B?/6. Thus, there exists some ny < 00
such thatK3(n) = 0 for al integers » > ny. With k = 0 and (A17),
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the maximand (19) simplifies to
1 — o2 4 2 (1 —
6(n+ 1)2!“*”" -a)’ +n°r(1 -l (A37)

Inserting (A37) into (21) gives n* = v,. Settingvg = 1o in the defini-
tion of vg yields the critical entry cost, dy, > 0. This is (22). The results
on stochastic dominance follow from (4), (22), and (A4).

V(n) = K0, n) =
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