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Abstract. This paper considers a problem of security design in the presence of monitoring done
by a large investor to discipline the management of a firm. Since the large investor enjoys only part
of the benefits generated by her monitoring activities but incurs all the associated costs, the design
and amount of security need to be structured so as to motivate her to maintain an efficient level of
monitoring, if no other mechanism exists to make her commit to specific levels of monitoring in
advance. By assuming that the large investor takes account of the effect of the issued amount of
security on the revenues received, we show that the optimal security is a debt-like security such as
standard debt with a positive probability of default, or debt with call options. We also verify that the
financial market equilibrium is constrained Pareto optimal.
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1. Introdl_lction

Large investors — institutional investors such as pension funds, mutual funds, com-
mercial banks, insurance companies, and finance companies, as well as private
investors such as initial owners — monitor and control the management of compa-
nies on behalf of the other investors.! However, in recent years, the securitizing

* T am most grateful for helpful comments by Noriyuki Yanagawa and seminar participants at the
ISER Seminar (Osaka University), the Finance Forum Seminar (Kansai Economic Research Center),
and the Tezukayama University Workshop. I would also like to thank an anonymous referee for
detailed and valuable comments.

! In the United States, large shareholders are more common than is often believed (see Demsetz
(1983), Shleifer and Vishny (1988), and Holderness and Sheehan (1988)). Furthermore, large in-
vestors such as pension funds and mutual funds have increasingly played active roles as delegated -
monitors in recent years (see Admati, Pfleiderer, and Zechner (1994)). In other countries, large
investors are more prevalent. In Germany and Japan, commercial banks have significant powers
because they vote significant blocks of shares, sit on boards of directors, play a dominant role in
lending, and operate in a legal environment favorable to creditors (see Aoki (1990), Franks and

. Mayer (1994), OECD (1995), and Gorton and Schmid (1996)). Furthermore, in Japan, large cross-
holdings also strengthen the role of large investors (Prowse (1992), BerglSf and Perotti (1994), and
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of financial assets and a shift away from bank borrowing toward bond and eq-
vity financing have grown significantly.? If this tendency increases the number of
shares owned by small and passive investors, it may reduce the incentive for large
investors to monitor the performance of the management of a given company. This
possibility arises from a free-rider problem: small and passive investors realize part
of the benefits of monitoring performed by large investors but they incur none of the
costs of the monitoring. This paper investigates how the design and issued amount
of security can be organized so as to best enhance the role of the large investor as a
delegated monitor who disciplines the performance of a company’s management.

To attain our goal, we consider the problem of security design under asymmetric
information when investors can freely trade in the market. In particular, we develop
a model in which a large investor affects the return structure of a risky project by
having access to costly monitoring technology but cannot be made to commit to
monitoring the management of the firm at any particular level of intensity because
her monitoring level is hidden from outside investors. In this framework, one nat-
ural question is whether standard debt or some other simple security design would
be suitable under reasonable assumptions. Another question is how the interaction
between the design of a security, amount of the security implemented, and the
intensity of the large investor’s monitoring is structured.

The main thesis of this paper depends on a mechanism in which the design and
issued amount of security influences the intensity of the large investor’s monitoring,
not only through a direct effect on her ex ante payoff but also through an indirect
effect via the market security price on her ex ante payoff. To clarify the basic idea,
consider first an entrepreneur (a large investor) who holds a project that generates
risky returns in future periods. She may keep some of the future returns for herself
and securitize the other portion of the future returns to raise capital and maintain
liquidity. Once the large investor issues a security, she turns effective control of the
firm over to a manager. However, the large investor is assumed to have access to
costly technology for monitoring the management of the firm and thus can affect
the return structure of the project.> However, if the large investor carries out such
monitoring, small and passive investors can free-ride on part of the benefits of the
control function of the large investor, although these investors incur none of the
costs of monitoring. This externality reduces the likelihood of the large investor’s

OECD (1995)). In France, cross-ownership and core industries are the norm (OECD (1995)). Finally,
in most of the rest of the world except the United Kingdom, firms are controlled by large owners such
as the families of founders or the State. For the literature and empirical evidence on this issue, see
Shleifer and Vishny (1997) and La Porta, Lopez-de-Silanes, and Shleifer (1999).

2 For the decline in the importance of bank financing in Japan, see Hoshi, Kashyap, and
Scharfstein (1990) and Campbell and Hamao (1994). For the German evidence, see Baums (1994).

3 The monitoring level of the large investor may also be interpreted as her managerial effort or
her investment level in the. production or investment processes. If we follow this interpretation, our
research enables us to investigate the underinvestment problem such as Williamson (1985), Klein,
Crawford, and Alchian (1978), and Grout (1984) within the financial market equilibrium where the
design and issued amount of security are endogenously determined.
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carrying out high intensity monitoring unless she can be made to commit to prior
monitoring levels before she designs and issues the security.

In this model, the design and issued amount of security affects the large in-
vestor’s monitoring because of both the direct effect on her ex ante payoff and the
indirect effect on her ex ante payoff through a change in the security price. The
logic of the indirect effect is explained as follows. If small and passive investors
are aware that a change in the design and issued amount of security affects the large
investor’s monitoring, the security price at which the trade takes place will reflect
this awareness. :

More specifically, small and passive investors rationally anticipate a low in-
tensity of monitoring if the large investor designs and sells to small and passive
investors a security that is more sensitive to the variations of future returns or if she
sells a security more aggressively. This expectation implies that in this situation a
lower security price will prevail. Such an indirect effect of the design and issued
amount of security causes a liquidity cost that is borne by the large investor, who
issues the security. Thus, the large investor needs to consider not only the direct
effect of the design and issued amount of security, including a retention cost asso-
ciated with a high unsecuritized or unsold portion of the cash flows, but also the
indirect effect of the design and issued amount of security through a change in the
security price, including a liquidity cost associated with a low rate of monitoring.

The above arguments show that there is a potential conflict between the need
for liquidity preference and the efficiency of monitoring. Furthermore, these argu-
ments indicate that the design of the security and the amount issued are incentive
devices independent of one another for reconciling the friction between these two
aims. Nevertheless, ‘the interaction between the design of the security, the amount
issued, and the large investor’s monitoring remains imperfectly understood in the
literature of corporate governance or finance. Indeed, the literature reveals several
difficulties. The first problem is that only a limited menu of debt and equity has
been studied. The second problem is that most of the arguments in this field depend
on the bilateral contract framework but not on the market equilibrium framework.*

To avoid these difficulties and formalize the trade-off between the retention
cost and the liquidity cost, we incorporate four key issues into our model. First, to
motivate the entrepreneur (large investor) to issue a security backed by future risky
returns, we assume that she must sell her issued security for liquidity reasons, as
studied in Allen and Gale (1988, 1991), Gale (1992), and DeMarzo and Duffie
(1999). Thus, the retention cost arises from retaining a large amount of unsecu-
ritized returns or unsold securities. Second, we assume that the large investor can
choose a level of monitoring to discipline the management of the firm and affect the
structure of risky returns in future periods, while she cannot be committed to any
specific levels of monitoring until she designs and issues a security. As a result,
the free-rider problem associated with monitoring in the presence of small and

4 Holmstrém and Tirole (1993) and Admati, Pfleiderer, and Zechner (1994) are the exceptional
ones. :
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passive investors naturally occurs. This causes a liquidity cost to the large investor
because her weaker incentive to monitor makes the security price lower. Third, we
do not take the forms of financial claims as given, such as debt and equity, but
rather try to derive these instruments as an optimal security design. By designing
securities, the large investor can balance the retention cost against the liquidity cost.
Finally, instead of a bilateral contract model, we set up a simple market (general)
equilibrium model in which the large investor sells her issued security to small and
passive investors, taking account of the effect of the amount sold on the revenues
received. This framework enables us to investigate the price effect of the design
and issued amount of security. This framework also allows us to consider how the
recent trend in the financing patterns of nonfinancial firms away from (indirect)
bank borrowing and toward (direct) bond financing in Germany and Japan affects
their corporate governance systems. '

By considering these four issues, we show that the optimal security is a debt-like
security such as standard debt with a positive probability of default, or debt with
call options in the presence of the monitoring problem. This result suggests that it
cannot be necessarily optimal to issue risk free debt with zero default probability.
The intuitive reason for this result is that in the present model, the large investor
wants to sell some portion of the security and receive the revenues from the sale
of the security in the initial period to maintain liquidity; as a result, to promote
sales revenues, the large investor is motivated to set security claims at each pos-
sible contingency to increase by the maximum amount that the firm can pay by
taking account of the adverse effect on monitoring. If the security claims were not
constrained by monitoring considerations, then the optimal security would become
equity. In fact, since the security claims must be constrained to some extent by
monitoring considerations, the optimal security becomes a debt-like security such
as standard debt with a positive probability of default or debt with call options.

We also compare the allocation of the financial market equilibrium with three
benchmark allocations. The first benchmark case is concerned with the competitive
equilibrium allocation, in which the large investor does not take account of the ef-
fect of the amount of security issued on her sales revenues. The second benchmark
case is the “passive” equilibrium allocation, in which the large investor becomes
a passive investor, that is, she chooses the minimum monitoring level. The final
benchmark case deals with the constrained social surplus maximizing allocation,
in which the social planner maximizes the social surplus subject to the constraints:
(i) that the large investor initially owns the risky project,® (ii) that her monitoring
level is unobservable to outside investors, and (iii) that she cannot be committed
to any specific levels of monitoring before she designs and issues the security. In
the first two benchmark cases, we show that the competitive equilibrium allocation
is identical with the passive one. More specifically, under these two equilibrium
allocations, either the optimal security is equity or the financial market breaks

5 Unless we assume that the large investor initially owns the risky project, we cannot incorporate
her liquidity benefits into the social surplus.
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down, and the monitoring level of the large investor is minimized. Compared to
‘the final benchmark allocation, the allocation of the financial market equilibrium,
in which the large investor considers the effect of the amount sold on the revenues
received, is proved to be constrained Pareto optimal: it attains the constrained social
surplus maximizing allocation.

Our research is related to two strands of the literature. One is concerned with
security design under the bilateral contract or the general equilibrium model, while
the other is involved with insider or speculator monitoring under the general equi-
librium model. In the analysis of security design under the bilateral contract model,
Hart and Moore (1989) and Bolton and Scharfstein (1990) show that standard debt
is an optimal contract when managers can appropriate to themselves income not
paid out. Berglof and von Thadden (1994), incorporating partial liquidation and
multiple investors into the Hart and Moore model, discuss whether short-term debt,
long-term debt, or equity are the best securities the firm can issue. However, these
papers do not investigate the monitoring activity of investors. Townsend (1979),
Diamond (1984), Gale and Hellwig (1985), and von Thadden (1995) do consider
the monitoring activity of investors under the bilateral contract model, and prove
that standard debt is an optimal contract. Although these papers make important
contributions, they shed little light on the effect of security design on the market
security price because their framework is restricted to bilateral contracts.

The problem of optimal security design in the general equilibrium model is
analyzed with symmetric information by Allen and Gale (1988, 1991), and with
adverse selection by Boot and Thakor (1993), Nachman and Noe (1994), De-
mange and Laroque (1995), Ohashi (1995), Rahi (1995, 1996), and DeMarzo and
Duffie (1999). This line of research, however, does not examine the implications
of monitoring done by investors under asymmetric information. ‘

In work most closely related to ours, Holmstrém and Tirole (1993) and Ad-
mati, Pfleiderer, and Zechner (1994) explore the implications of monitoring done
by investors under the general equilibrium model with asymmetric information.®
Holmstrém and Tirole develop a model in which the equity ownership structure
of firms affects the value of market monitoring through its effect on market lig-
uidity. Admati, Pfleiderer, and Zechner study the effect of monitoring done by
large shareholders on security market equilibrium. Our analysis goes beyond these
two interesting papers by considering the problem of security design endogenously
instead of focusing on particular financial claims such as equity.

The paper is organized as follows. Section 2 describes the basic model. Section
3 characterizes the allocation at financial market equilibrium. Section 4 compares

6 The recent work of Bolton and von Thadden (1998) and Maug (1998) compares the liquidity
benefits obtained through dispersed corporate ownership with the benefits from efficient manage-
ment control achieved by some degree of ownership concentration. Kahn and Winton (1998) also
demonstrate that market liquidity can undermine effective control by a large shareholder because it
gives the large shareholder excessive incentives to speculate rather than monitor.
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the allocation at financial market equilibrium with the three benchmark allocations.
Section 5 summarizes our results and discusses some directions for future study.

2. The Model

We consider a model in which there exist one large investor'(the issuer) and a set of
outside investors. The large investor owns a risky project that generates future cash
flows, and also has access to some monitoring activities by which she can affect
the structure of the returns of the risky project. We assume that all investors are risk
neutral and normalize the market interest rate to zero.

The model has three periods, indexed t = 0, 1, 2. In'the initial period, the
large investor designs a security whose return represents a claim backed by some
part of the risky project returns of the firm, with the total supply normalized to
one. The large investor also offers the security for sale on the security market. The
large investor then decides to sell a fraction q; € [0, 1] of the security to the
market at a price p. The large investor herself keeps the fraction (1 — g, ) of the
security.” On the other side of the market, outside investors establish their share of
security allocations, go € [0, 1]. Once the large investor issues the security, she
turns effective control of the risky project (firm) over to the management. In period
1, the large investor has access to costly technology of monitoring the management,
and can affect the return structure of the risky project. Given the costs and benefits
of monitoring, the large investor chooses the level of monitoring. Note that the
large investor makes the monitoring decision by taking into account the share of
security allocations established in period 0. There is no further trading from period
1 to period 2. In period 2, the returns of the risky project are realized and the claims
of the security are paid off to security holders. The large investor also receives the
residual claims that remain after the security claims are paid to security holders
including the large investor herself.

To formalize the model, we require specific assumptions about the liquidity
motive of the large investor, the preference of outside investors, and the monitoring
technology of the large investor.

To provide the motivation for liquidation, we assume that the large investor
evaluates the period 2 cash flows at arate § € (0, 1). This assumption implies that
the large investor is indifferent as to whether she keeps future project returns or
sells them for & cents in the dollar in cash by securitizing them. This also means
that, if the large investor retains a portion of the security, the private value of one
dollar’s worth of security returns to the large investor is . Similar assumptions
are made in Allen and Gale (1988, 1991), Gale (1992), and DeMarzo and Duffie

7 The fraction g1, sold to the market does not necessarily equal to 1 because the large investor
cannot sell all the holding fraction of the security even though she adjusts the design of the security.
In other words, a change in the fraction of the security sold affects the revenues of the large investor
in a different way from a change in the design of the security (see equation (3)). Thus, the fraction of
the security sold is not a perfect substitute for the design of the security in our model.
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(1999).2 Since we assume that high transaction costs deter the large investor and
outside investors from building a bilateral contract relation, the large investor has
an incentive to securitize some portion of the future risky project returns and sell
the security to outside investors.

In contrast, outside investors are assumed to have no liquidity motives. Since
outside investors do not care when asset returns are generated, they have no concern.
about the timing of payments.

The large investor has access to costly technology of monitoring the manage-
ment. The technology affects the structure of the returns of the risky project as
follows:?:10
2 [ X, with probability og(m),

Xp, with probability op(m),

where X, > X, = 0, (0z(m), ap(m)) € {(0,(m), op(m)) | ox(m) + op(m) =
1, az(m) > 0, op(m) > 0}, and m is the intensity of monitoring.!! One part of
the efficiency of monitoring is captured by the function g, (m), where or; (m) >0

and a; (m) < 0. The other part of the efficiency of monitoring is characterized by
the cost of monitoring at level m, expressed by cm, where c is the unit monitoring
cost. Let m be the minimum monitoring level required to sustain the monitoring
process.!2

All the project returns at each state, (X, X;), and the fraction of the security
sold by the large investor to the market, g;, can be verified with no cost. On
the other hand, the monitoring level chosen by the large investor, m, cannot be
observed by any outside agents. Thus, the large investor cannot be committed to
any specific levels of monitoring until period 1. The functions (o,(m), o,(m)) and
the parameters (X;, X;, c, 8) are assumed to be common knowledge.

The security is represented by a claim, that is, any promise to make a future
payment, contingent on the state of nature (that is, the project returns). Let F be
a real-valued random variable that generates a security claim F; at the good state,
and a security claim F, at the bad state, respectively. We focus our attention on the

8 More specifically, § = 0in Allen and Gale (1988, 1991) and Gale (1992), while é € (0, 1) in De-
Marzo and Duffie (1999). Another line of literature assumes the presence of noise or liquidity traders,
instead of assuming the liquidity motive for the issuer. See Boot and Thakor (1993), Holmstrém and
Tirole (1993), and Demange and Laroque (1995). As pointed out in DeMarzo and Duffie (1999), this
kind of assumption (§ < 1) is justified if the issuer faces strict credit constraints or binding minimal
capital requirements. It is also plausible to impose this assumption if firms need to raise capital to
fund other valuable investment opportunities under various forms of market imperfections.

9 To simplify the analysis, we do not specify the action of managers nor the structure of man-
agerial contracts. Holmstrém and Tirole (1993) throw light on this problem in their model of market
monitoring.

10 In the subsequent discussion, “tildes” is used to denote random variables.

11 As mentioned in note 3, the monitoring level of the large investor, m, may also be interpreted as
her managerial effort or her investment level.

12 The minimum level of monitoring m may be set equal to zero.
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set of admissible securities. These are defined by a set of functions satisfying the
~ following limited liability and monotonicity conditions:

0<F <X, s=g, b, ) ¢y

Fy < F,. | )

In the subsequent discussion, we denote the set of admissible securities as A. In
the limited liability condition (1), the restriction of 0 < F; for s = g, b expresses
limited liability for security holders. The restriction of F; < X; fors = g, b im-
plies limited liability for the large investor as a residual claimant. The monotonicity
condition (2) shows that the security claim is nondecreasing in the available firm
cash flows.!3 These assumptions are quite common in the finance literature, and
are justified in Innes (1990), Nachman and Noe (1994), Hart and Moore (1994),
and DeMarzo and Duffie (1999).

Now, the security represented by the claim (F,, Fp) pays an amount
min (F;, X;) for s = g, b when the returns of the project are realized in period
2.14 The large investor then receives the cash revenues from the sale of the fraction
qL of the seéurity in period 1, and the residual cash flows of max (X; — F;, 0) for
s = g, b and the claims for the unsold fraction (1 — ¢ ) of the security in period 2.

The trading process is described as a Walrasian process in which the large in-
vestor is strategic. The large investor chooses the fraction of the security sold to the
market, q;, by taking into account the effect of the issued amount on the security
price, p. We assume that the large investor perceives an inverse demand correspon-
dence p € P(qyr; F ) for the issued security F where P : [0, 1] - R,. Inthe
next section, we specify how P(q;; F ) is determined. On the other hand, outside
investors behave as representative, risk neutral, price-taking investors. Thus, out- -
side investors do not receive expected net gains from buying any security at market
equilibrium.

The expected payoff of the large investor in period O is then given by

R.(m, F, q1) = 8Emax(X — F, 0) + 8(1 — g,)E min (F, X)
+qLP(qL; F) —cm, 3)

where E is the expectation operator. The rlght-hand 51de of (3) consists of the ex-
pected residual claims retained by the large shareholder, E max (X F, 0), the ex-
pected claims for the unsold fraction (1—gq.) of the security, (1—q;)E min (F X ),

13 As indicated in Innes (1990) and Nachman and Noe (1994), the monotonicity assumption is
important in establishing the optimality of the debt-like security because this assumption can exclude
the type of “do or die” contract under which the firm pays everything to investors in the bad state
and nothing in the good state. Nachman and Noe (1994) additionally assume another monotonicity
condition that the residual claims X; — F; are nondecreasing in the available project returns, X;.
-Even when this assumption is additionally imposed, all of our results in this paper still remain valid.

14 If the security belongs to the set of admissible securities, A, then we always have
min (X5, Fs) = Fs.
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the cash revenues raised from the sale of the security, g, P(q;; F ), and the mon-
itoring cost, —cm. The first two terms are discounted by the rate § because the
returns of these two claims accrue only in period 2. The monitoring cost is not
discounted, since it must be paid in period 1. Note that the first two terms clearly
depend on the monitoring level m because the realized probability of the state is
affected by the choice of m.

The expected payoff of outsiders in period 0 is similarly represented by

Ro(qo, p) = golE min (F, X) - pl. ) @)

Since outside investors do not behave strategically, they take the security price p
as given. -

A financial market equilibrium is now characterized by (m°, F°, g7, g5, p°)
that satisfies the following conditions (see Figure 1): :

FINANCIAL MARKET EQUILIBRIUM: (i) Sequéntial Optimality of the Large
Investor. In period 1, the large investor chooses a monitoring level m° such that

Myi(F, q1) = max Ru(m, F, q1). &)

In period 0, given the knowledge of the price correspondence P(qr; F), the large
investor chooses a design F° and a fraction g; of the security sold to the market
such that

M= _ max M5 (F, qu), (6)
FeA,qp€[0,1]

where A is the set of admissible securities defined by (1) and (2).

(ii) Optimality of Outsider Investors. In period 1, outside investors purchase a
fraction gqg, of the security supplied in the market, relative to an observed price
p°, such that :

Mo(p°) = max Ro(go, P°) 0
g0€l0,1]

(iii) Market Equilibrium. The security price p° and the sold and purchased fractions
(g7, qp) must satisfy

p° € P(g5; F°), (8)
and
q; =4o- 9)

Note that the large investor selects a security design F from the set of admis-
sible securities A, a sold fraction ¢, from [0, 1], and a monitoring level m from
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large investor = risk ;
(insider) risky project

\
security design F=(F;,F,)

\’

security trade
d
J,v 4
unsold fraction sold fraction
(1 -q L ) (q L )
!
&> |outside investors |
9,=4 2 4,)
security price (p)
[_large investor |
{
monitoring (m) <= management
monitoring cost (cm)
. stochastic project returns
v
R = { Rs > a,

Figure 1. Sequence of the events.

[m, 00). Outside investors select a purchased fraction go from [0, 1]. Since the
large investor cannot be committed in advance to any specific levels of monitoring,
she must solve the sequential problem made up of (5) and (6).

3. Financial Market Equilibrium

In this section, we first-derive the inverse demand correspondence P(qr; ﬁ) from
the condition of the optimality of outside investors and the condition of market
equilibrium by taking as given a security design chosen by the large investor, F.
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We next solve the sequential optimization problem of the large investor in two

steps, and determine the remaining variables endogenously.

3.1. INVERSE DEMAND CORRESPONDENCE

Solving the optimization problem of outside investors, (7), with (4), we see

=0 if Emin (F, X) < p, .
go{ €0, 11  if Emin(F, X) = p, (10)
=1 if Emin(F, X) > p.

Combining (9) and (10), we have

=0 1fEmm(f )?)<p,
qr 3 €[0, 1] 1fEm1n(F X) (11)
=1 1fEmm(F X)>p

The relation between g, and p determined by (11) gives the inverse demand cor-
respondence p € P(qy.; F)

3.2. THE MONITORING PROBLEM FACED BY THE LARGE INVESTOR

We now proceed to the sequential optimization problem of the large investor. We
discuss the optimality conditions for this problem by moving backward from period
1 to period O.

We begin with solving the monitoring problem (5) faced in period 1 by the large
investor, who designs a security F and holds a fraction 1 — g of the security after
trading. Since the large investor takes the price correspondence p € P(qr; F) as
given because g; and F are determined in period 0, , it follows from (11) that the
following three cases are distinguished: E min (F, X ) < p, Emin (F X ) = p,
or Emm(F X) > p.

We first discuss the case of E min (F X ) < p, where g; = 0 from (11). Given
(1), (3) and g1, = 0, the objective function of (5) is reduced to

Ry(m, F,0)=8EX —cm. (12)

Rewriting (12) with the definition of X, we specify the interim maximization prob-
lem of the large investor as follows:

max R, (m, F, 0) = max | & 2 ' Xioi(m) —cm | . (13)
mzm mzm =
i=g,

Let us assume that the maximization problem (13) has an interior solution. Since
the objective function (13) is globally concave with respect to m under X, > X,
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the first-order condition for this problem becomes a global optimality condition.
Solving (13) with o,(m) + o,(m) = 1, we see the following first-order condition:

8(Xg — Xb)oé(m) —c=0. : (14)

In this case, the monitoring level is ex post efficient because the large investor holds
all the issued security. However, she cannot satisfy her liquidity needs.

We next examine the case of E min (F X) p, where q; € [0, 1] from (11).
Rearranging (3) with the definitions of X and F, we explicitly describe the interim
maximization problem (5) by

max Ry (m, F, q1) = max 8ZmaX(X F;, 0)o;(m)

i=g,b

+6(1 —q1) Z min (F;, X; )UI(M) + pqr —cm | . (15)
: ey

We should again keep in mind that the security price p is determined in period 0.
Thus, the large investor in this stage takes the security price p as given.

In the subsequent analysis, we assume that the maximization problem (15) has
an interior solution that satisfies the second-order sufficient condition for m to be a
local maximum of Ry (m, F, qr).! Then, the first-order condition for the problem
(15) implies a local optimality condition, and is expressed by

§ ) max(X; — F;, 0)o;(m) +8(1 —q;) > min(F;, X;)o;(m) — c = 0. (16)

i=g,b i=g,b

Note that although the large investor pays the full cost of monitoring, she enjoys
only a part of the benefits of the monitoring because the monitoring also affects
the claims on the outsiders’ holdings of the security. Thus, the monitoring level is
always less than ex post efficient, which is achieved if the large investor is the sole
owner of the security.

In fact, (16) is not easily tractable. To obtain a more manageable form, let us
distinguish the following four cases by exploiting the monotonicity condition (2):
(A)Fy < Fg < Xp < Xgor Fy < Xp < Fy < X, B) Fy < Xp < Xy < F;, (C)
Xp < Fp < Fg < Xp,and (D) X, < F, < X, < Fyor X, < Xg < F, < Fy.
Furthermore, given the limited liability condition (1) the four possible cases of
F introduced above are reduced to the following four possible sets F (see Figure
2: AA) ={(F Fp) | Fy < Fy < X, and 0 < Fp < X3}, A(B) = {(F, Fp)

13 The second-order sufficient condition for m to be a local maximum of Ry (m, F, qr) is auto—
matically satisfied if we also assume another monotonicity condmon, that the residual claims X5~
are nondecreasing in X.
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Figure 2. Four possible cases of F.

10 < F, < Xp < Xy =F}, A(C) ={(Fg, Fp) | Xp = Fy < F; < X},
and A(D) = {(F;, Fo) | Xo = Fp < X = F,}. Note that A(A) is identical to
the set F, {(Fg, Fo) | Fy < F; < Xp < Xpor Fy < X, < F; < X,}, under
conditions (1) and (2). Similarly, A(D) is identical with the set F, {(Fg, Fp) |
Xp < Fp <Xy, < Fyor X, <X, <F, < F,}, under conditions (1) and (2).
From now on, we divide the space F into A(A), A(B), A(C), and A(D). For each
division of the space of F, the first-order condition for an interior solution to the
monitoring problem is specified in the Appendix. In Subsection 3.3 and Section 4,
the optimality condition will be fully exploited.

Finally, we investigate the case of E min (F, X) > p, where g, must be equal
to 1 from (11). Then, it is immediately seen from (3) and g, = 1 that the objective
function of (5) is described by '

R (m, F, 1) = Emax (X — F, 0) + P(1; F) —cm.
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Because ofEmm (F X) >pforpe P(l; F) from (11), we have E min (F X)
>sup P(1; F). Thus, using the definitions of X and F, we find

max Ry (m, F, 1)=max | $§ E max (X; — F;, 0)o;(m) + P(1, F) —-cm
m2m mzm i—o b
i=g,

< max |§ E max (X; — F;, 0)o;(m) + E min (F;, X;)o;(m) —cm
m>m
- i=g,b i=g,b

= lim max R.(m, F, qp). | a7

qL—->l m>m

Here, the inequality in (17) is derived from E min (F . X ) = sup P(1; F ), and the
final equality in (17) is obtained from the limit of the right-hand side of (15) with
E min(F, X) = p, as g, converges to unity.

The arguments of the three cases examined above suggest the following. First,
we can rule out the case of £ min (F X ) < p. In this case, we cannot examine the
problem of the security issue because the large investor holds all the issued security
(qL = O) Second we can substitute the case of E min (F X ) = p for the case of
E min (F X ) > p because the latter is included in the former as g -converges to
unity. We will, therefore, focus on the case of both E min (F X )=pandq, >0
in the subsequent analysis.

3.3. THE PROBLEM FACED BY THE LARGE INVESTOR OF ISSUING THE
SECURITY

We are now in a position to discuss the optimization problem of issuing the security,
(6), faced by the large investor in period 0. To do so, we first solve the problem (6)
with the restriction in which F = (Fg, F) belongs to one of the four sets defined
in the preceding subsection: (A) F € A(A), (B) F e A(B), (O F e A(C),
and (D) F e A(D). Then, we compute the optimal value for the problem (6)
under each of the four possible restrictions, and choose the maximal value among
the optimal values of the four possible cases. The corresponding solution gives an
optimal security design Fo=(F ¢» Fy) and an optimal level of the sold fraction g7
to the problem (6). In contrast to the analysis of the monitoring problem, the large
investor must consider the effect of a change in her strategy on the security price.
A detailed analysis of the optimizing conditions to the problem (6) is provided by
(A5)~(AS8) in the Appendix.

The most notable feature of these optlmallty conditions is that changes in the
design of the security, (F,, F3), or in the issued amount of security, g., has both a
direct effect on the monitoring level and an indirect effect through a change in the
security price. If the large investor did not take into account the effect of a change in
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(F,, Fy) or g, on sales revenues, the optimal strategy would be given by Fy, = X,,
F, = X,, and q; = 11in all possible cases, unless the security market breaks down.
However, this implies that the large investor would securitize all the project returns
and sell all of the security. Thus, the monitoring level would be minimized, which
might cause a collapse of the security market: outside investors would rationally
anticipate the strategy of the large investor and participate in the security market
only if the security price is low enough.

On the basis of the optimality conditions (AS)—(A8) given in the Appendix, we
now have the following proposition on the optimal strategy of the large investor for
each possible set of F. The detailed proof is presented in the Appendix.

PROPOSITION 1. (i) If F is restricted to A(A) or A(C),- the optimal solution to
the constrained maximization problem, (m*, F;, F;, q), is characterized by

8[Xg — Xb — q1(F; — Xp)loy/(m") = c, ' (18a)

-1
F} = min (X,, — (1 = 8)o,(m*) [a;(m*) z';] , Xg) : (18b)
8

Fy = X, _ (18¢)

m*

0
- =0. (18d)
aq;

(1 — )[F oy(m*) + Xp05(m*)] + g5 (F} — Xp)a,(m*)

The large investor’s payoff is then

I'If0 = H,(fo = 8[ X 05(m*) + Xpop(m*)] (18¢)
+q1 (1 = 8)[Fo,(m*) + Xpop(m*)] — cm™.

(i) If F is restricted to A(B) or A(D), the optimal solution to the constrained
maximization problem, (m**, F;*, F;*, g1*); is represented by

51— g (X — Xp)a(m™) =¢c, (19a)
Fg™ =X, (19b)

F* = X, (19¢c)

. ‘ ’ om**
(1 = 8)[X0,(m™) + Xpop(m*™)] + q1* (X, — Xb)cfg(m")W =0. (194d)
L

The large investor’s payoff is then

N7, =N =8+ q*(1 — )X 0,(m**) + Xpop(m**)] — cm™.
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Proposition 1 shows that, if f is restricted to A(A) or A(C), the optimal security
can be a debt-like security with F ¢ < X, and FJ = X,. One interpretation of this
kind of security is standard debt with default such as that analyzed in DeMarzo and
Duffie (1999) and von Thadden (1995): F; can be viewed as the face value, and
. Fy as the default payment of debt. Another interpretation is debt with call options
(convertible bond or debt with warrant): X, — F' can then be interpreted as the

option premium. Proposition 1 also indicates that if F is restricted to A(B) or
A(D), the optimal security is equity whose claim fully reflects the project returns.

It is instructive to explore the implications of equations (18) and (19). Let us
begin with (18a). Given the security price determined in period 0, an increase in
the monitoring effort in period 1 affects the ex ante payoff of the large investor
through two routes. One effect increases the expected project returns, thereby fur-
ther increasing not only the discounted residual returns to be received by the large
investor, that is, §(X, — F; - Xp + F;)as',(m*), but also the discounted secu-
rity returns for the unsold portion to be received by the large investor, that is,
§(1—gp)(Fg—Fy )agf (m*). The combined effects increase the ex ante payoff of the
large investor, expressed by the left-hand side of (18a). The other effect increases
the total monitoring cost, ¢, thus decreasing the ex ante payoff of the large investor.
This cost effect is represented by the right-hand side of (18a). The monitoring level
~ is then chosen to balance the former benefit against the latter cost.

Before proceeding to (18b) and (18c), we discuss the implications of (18d) be-
cause it is then more straightforward to understand (18b) and (18c). An increase in
the sold fraction has two potentially conflicting effects on the ex ante payoff of the
large investor. One effect causes the large investor to receive higher revenues from
the sale of the security. This effect enables the large investor to satisfy any desire
to obtain as much revenue as possible at date O rather than at date 1 thus directly
increasing her ex ante payoff, expressed by (1 — §)p* = (1 — 6)[F;ag(m*) +
Xpop(m*)]. The other effect of an increase in g; reduces the correlation between
the ex post project returns and the ex post payoff of the large investor because
she obtains the more deterministic sales revenues at period 0. Since this effect
leads to a lower monitoring level, outside investors rationally anticipate a lower
intensity of monitoring. This expectation reduces the security price, thus indirectly
decreasing the large investor’s revenues from the sale of the security, represented
by q; (Fg-X ,,)a; (m*)[@m*/3q; ]. The former direct benefit cancels out the latter
indirect cost at the optimal level of the sold fraction.

We can now examine the implications of (18b) and (18c), and show how the
design of the security affects the ex ante payoff of the large investor. If F s < Xg.
we multiply both sides of (18b) by ¢ and rewrite it:

' om*

—q180,(m*) + qfog(m*) + g} (F} — X,)o,(m*) 7 =0 (20)
4

Given (20), an increase in Fy brings two direct effects to the ex ante payoff of the
large investor. The first increases the discounted good state security returns to be
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received by the large investor, expressed by 8(1 — g;)o,(m*). The second direct
effect in turn decreases the discounted good state residual returns to be obtained by
the large investor, represented by —8o,(m*). The combined two direct effects are
then summarized by —q; 8o, (m*), which is negative and is shown by the first term
in the left-hand side of (20). An increase in F also leads to two indirect effects on
the ex ante payoff of the large investor due to a change in the security price. Due
to an increase in the security returns at the good state, one indirect effect raises the
security price. This effect results in an increase in the large investor’s revenues from
the sale of the security, represented by q; o, (m*), which is positive and is indicated
by the middle term in the left-hand side of (20). The other indirect effect of an
increase.in F, reduces the incentive for the large investor to attain the good state
because the combined two direct effects represented by the first term in the left-
hand side of (20) decrease her discounted good state returns. This indirect effect
causes the large investor to choose a lower monitoring level. Since outside inivestors
anticipate this, the security price and the large investor’s revenues from the sale of
the security decrease. This effect is captured by the final term in the left-hand side
of (20). The claim at the good state, F,, is thus determined by considering all of
these effects.

In contrast, the claim at the bad state, F, is found to be on the boundary of
F, < X, since the total effect of an increase in Fj, on the ex ante payoff of
the large investor, g} (1 — 8)a,(m*) + g} (F} — X,)o, (m*)g—';";, becomes positive.
The reason for F; = X, mainly depends on these facts: (i) that an increase in
F, further motivates the large investor to attain the good state because its direct
effects decrease her discounted bad state returns mainly through a decline in the
discounted bad state residual returns to be received by the large investor, and (ii)
that its positive indirect effects dominate its negative direct effects.

In a similar manner, we can investigate the implications of (19) by substituting
X, for F,.

Usmg Proposition 1, an optimal solution to the sequential optlmlzatlon problem
faced by the large investor, (m°, Fg, Fy, q7), is represented by

o o o o\ | =(m* F¥ Fr, q}) ifI'I20> ng,
(n®, Fg, Fy, ‘IL){ = (m*, ', Ff*, qp) if Ty < I, 1)
Here, 17, and Hfo are determined by (18¢) and (19e), respectively.

Comparing I14 7o With ns Lo» We now obtain the following proposition that charac-
terizes the optimal security design. The detailed proof is provided in the Appendix.

PROPOSITION 2. (i) In the presence of the monitoring problem, the optimal secu-
rity is standard debt with default or debt with call options (F, ; < X, and F) = X,).
(ii) In the absence of the monitoring problem, the optimal security is equity.

One crucial implication of this proposition is that it is not optimal to issue risk-
free debt such as F; = F because risk-free debt prevents the large investor from
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satisfying the desire to obtain the revenues as much as possible at date 0 rather than
at date 1. Another important implication of this proposition is that in the presence
of the monitoring problem, it is not optimal to issue equity.

A natural intuition is that risk-free debt would be an optimal security if we
neglected the large investor’s desire to receive the revenues as much as possible at
date O rather than at date 1. This is because the large investor would receive the
full margin benefit from monitoring as well as bearing the full marginal cost of
monitoring. However, in the present case, the large investor can sell some portion
of the security and receive the revenues from the sale of the security. Since the
discount factor § is less than one, the sales revenues received in period O are higher
than the residual claims received in period 2. Hence, unless the monitoring level
decreases through a change in security payments, the large investor is motivated to
increase the sales revenues received in period 0. This implies that, in the absence
_ of monitoring considerations, the large investor is motivated to set security claims
at each state to increase by the maximum amount that the firm can pay. If the
security claims need not be constrained by monitoring considerations, then the
optimal security becomes equity because F; = X, and Fj = X,. On the other
hand, if the security claims are constrained by monitoring considerations to some
extent, the large investor needs to enhance her monitoring activity by increasing the
residual revenues received at the good state in period 2. The large investor would
therefore face the possibility that the optimal security becomes standard debt with
default because she must set F; less than X, while keeping Fy' = X,.

More specifically, in the presence of monitoring considerations, the large in-
vestor needs to consider the trade-off between a decline in Fy from X, and arise in
q.. In other words, she needs to balance the costs of securitizing a smaller portion
of the project returns against the costs of selling a smaller portion of the issued
security.!® Since the total effects of a decrease in Fg from X, and an increase in
q. on the ex ante payoff of the large investor per issued amount are positive, the
optimal security involves debt-like types such as standard debt with default or debt
with call options.

Several remarks about this proposition are in order. First, we should notice that
the result of this proposition depends on the simplifying assumptions such as two
possible outcomes and so on. Second, Admati, Pfleiderer, and Zechner (1994) dis-
cuss the monitoring activity of the large investor when only equity can be issued.
 However, Proposition 2 implies that the optimal security becomes debt-like in the

presence of the monitoring problem, although our framework is restricted. This
suggests that the security design problem needs to be analyzed endogenously in
the study of the monitoring of the large investor. '

16 We should keep in mind that securitizing a larger portion of the project returns is not a perfect
substitute for selling a larger portion of the issued security. This mainly depends on the assumption
that a change in F can affect the payoff of the large investor in a different way from a change in g .
See note 7.
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4. Normative Analysis of the Financial Market Equilibrium

In this section, we compare the financial market equilibrium in the preceding sec-
tion with several benchmark cases: the competitive equilibrium allocation, the
passive equilibrium allocation, and the constrained social surplus maximizing al-
location.

The competitive equilibrium allocation deals with the situation in which the
large investor does not take account of the effect of the issued amount of security
on her sales revenues. The passive equilibrium allocation arises from the situation
in which the large investor chooses the minimum monitoring level. The constrained
social surplus maximizing allocation corresponds to the constrained Pareto optimal
allocation such that the social planner maximizes the social surplus subject to sev-
eral information constraints. In the analysis that follows, we show that the financial
market equilibrium in the preceding section is constrained Pareto optimal, whereas
the competitive and passive equilibrium allocations are not. With regard to the
competitive and passive equilibrium allocations, we suggest that they are identical.

PROPOSITION 3. If the large investor does not take account of the effect of the
issued amount of security on her sales revenues, the optimal allocation,
(m, Fg, B, g1), would be given such that the monitoring level of the large in-
vestor, 7, is minimized: more specifically, m = m, F = Xg, F, = Xp, and
gr=1.

Proof. If the large investor does not take into account the effect of the issued
amount of security on her sales revenues, the optimality conditions for the problem
6) prov1ded by (A5)~(A8) in the Appendlx show that her optimal strategy is given
by m = m, Fg = X,, F, = X, and g} q. = 1 in all possible cases, provided the
security market does not collapse.

The intuitive explanation for Proposition 3 is clarified as follows. If the large in-
vestor does not consider the effect of the issued amount of security on her sales
revenues, it is optimal for the large investor to securitize all the project returns
and sell all of the security, because she evaluates the sales revenues received in
period 0 more than the residual claims received in period 2. Since the large investor
need not take account of the monitoring problem, she can minimize the monitoring
level. However, this might cause the collapse of the security market because outside
investors would rationally anticipate the large investor’s strategy and participate in
the security market only if the security price is low enough.

Proposition 2 indicates that in the presence of the monitoring problem, the
optimal security is a debt-like security if the large investor takes account of the
effect of the amount sold on the revenues received. On the other hand, Proposition
3 suggests that even in the presence of the monitoring problem, the optimal security
is equity if the large investor does not take account of the effect of the amount of
security issued on her sales revenues, that is, if she chooses the minimum moni-
toring level. The result of Proposition 3 depends on the assumption that the large
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investor cannot be committed to any prior levels of monitoring until she designs
and issues the security.

We next examine the relation between the financial market equilibrium and con-
strained social surplus maximizing allocations, defined such that the social planner
maximizes the social surplus subject to the constraints: (i) that the large investor
initially owns the risky project,!” (ii) that her monitoring level is unobservable to
outside investors, and (iii) that she cannot be committed to any specific levels of
monitoring before she designs and issues the security.

Let S(m, F, g) be the social surplus defined by

S(m, F, q) =8EX + q(1 — §)Emin (F, X) — cm, (23)

where the first term represents the project returns, the second term expresses the
liquidity benefits of the large investor, and the third term indicates the monitoring
cost. : '

Then, the constrained social surplus maximizing allocation is formally charac-
terized by the following sequential maximization problem:

Constrained social surplus maximizing allocation. In period 1, the social planner
chooses a monitoring level m such that

SY(F, g) = max S(m, F, q). (24)

mzm

In period O, the social planner chooses a design F and a fraction q of security sold
to outside investors such that

= max -S'(F,q). (25)
FeA, g€l0,1] ’

Given (A1) and (A3) with E min (F, X) = p in the Appendix, it can be seen
immediately from (23) that the constrained social surplus maximization problem is
equivalent to the sequential optimization problem of the large investor at financial
market equilibrium. Thus, we obtain the following proposition:

PROPOSITION 4. If the large investor takes account of the effect of the amount
sold on the revenues received, the financial market equilibrium characterized in
the preceding section is constrained Pareto optimal in the sense that it attains the
constrained social surplus maximizing allocation.

In view of Propositions 2—4, we see that the competitive equilibrium allocation is
not constrained Pareto optimal. Thus, the large investor must take into account
the effect of the issued amount of security on her sales revenues to attain the

17 See note 5.
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constrained social surplus maximizing allocation. This finding is reminiscent of
the results of Allen and Gale (1991) in a different context. The intuition behind this
proposition is that the social surplus can be transformed into the surplus of the large
investor as a result of the price adjustment at financial market equilibrium. This
finding mainly depends on both the price-making behavior of the large investor
and the risk neutrality of the large investor and outside investors. :

5. Conclusion

This paper has developed a framework for analyzing a problem of security design
in the presence of monitoring done by a large investor to discipline the management
of a firm. Since the large investor enjoys only a part of the benefits brought about by
her monitoring activities but incurs all the associated costs, she needs to structure
the problem of security design to motivate herself to make an efficient level of
monitoring if she cannot be committed to any prior levels of monitoring before she
designs and issues the security. In fact, it is costly to design and issue the security
to attain an efficient level of monitoring because of both the direct effect on the
ex ante payoff of the large investor and the indirect effect on her ex ante payoff
through a change in the security price. o '

By assuming that the large investor takes account of the effect on her sales
revenues of the amount of security issued, we have shown that the optimal security
is a debt-like security such as standard debt with a positive probability of default,
or debt with call options in the presence of the monitoring problem. This result
suggests that it is not necessarily optimal to issue a security with zero default prob-
ability such as risk-free debt, and that the monitoring model of Admati, Pfleiderer,
and Zechner (1994) is restricted in the sense that only equity is permitted to be
issued. We have also proved that the financial market equilibrium is constrained
Pareto optimal. In contrast, if the large investor does not take into account the effect
of the amount of security issued on her sales revenues, the competitive equilibrium
allocation is not constrained Pareto optimal or the market collapses. Furthermore,
unless the market breaks down, the optimal security in this case is always equity;
and the monitoring level of the large investor is minimized.

As suggested in DeMarzo and Duffie (1999), the model rather closely fits into
the context of the design of corporated securities that are sold by an informed
underwriter who retains some fraction of the security of issuing firms. In Germany
and Japan, the recent trend in the financing patterns of nonfinancial firms away
from (indirect) bank borrowing and toward (direct) bond financing has been affect-
ing their corporate governance systems. However, since German house banks and
Japanese main banks usually retain the security of their borrowing firms, our result
indicates that these intermediaries may still discipline the management of firms by
designing a debt-like security for their borrowing firms and retaining some portion
of the security.
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Within our framework, many issues remain to be investigated. Among other
things, the problem of multi-security design is an important question that we hope
" to pursue in future research. Furthermore, the spanning issue caused by the risk
averting actions of investors should also be examined. Finally, as has been recently
~ studied under the incomplete contract model, the bankruptcy and liquidation prob-
lem is an important topic of corporate governance (see Hart and Moore (1989),
Bolton and Scharfstein (1990), Aghion and Bolton (1992), Berglof and von Thad-
den (1994), and Dewatripont and Tirole (1994)). It will be very interesting to
explore how the design of securities can resolve the bankruptcy and liquidation
problem at financial market equilibrium. :

Appendix
5.1. FIRST-ORDER CONDITION (16) FOR EACH DIVISION OF THE SPACE F:

For each possible set of. F, we obtain the corresponding value of the objective
function of (5) and the corresponding expression for the first-order condition (16):
Objective function of (5) in the case of E min (F, X) = p:

(A) F € A(A):
Ru(m, F, q1) = 8[(Xy — Fy)og(m) + (Xp — Fy)ap(m)]
+ 8(1 = gL)[Fy0,(m) + Fy0,(m)] + pgr — cm; (AlA)
(B) F € A(B):
Rp(m, F, q1) = 8(X, — Fy)ou(m)
| + 8(1 — q)[X,04(m) + Fyo5(m)] + pgr — cm, (A1B)
(©) F € A(C): | |
Rp(m, F, q1) = 8(Xy — Fy)og(m)
+ 8(1 — g1)[Fy05(m) + X,0,(m)] + pgr —cm, (AIC)
(D) F e A(D): '
Rp(m, F, q1) = 8(1 — q1)[X40,(m) + Xs05(m)] + pgL —cm.  (AID)

First-order condition (16):
(A) F e A(A): |
8[Xy — X — qL(Fg — Fy)lo,(m) =c, (A2A)
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(B) F € A(B):

81Xy - Xo— a1 (X — F)lojm) =c, (A2B)
(C) F € A(C): |

8[X, — Xy — qu(F, — Xp)lo,(m) =c, (A2C)
(D) F € A(D):

8(1 — q1)(Xg — Xp)o,(m) = c. (A2D)
We should again notice that the large investor takes the security pﬁce as given when

solving the monitoring problem in period 1.
In Subsection 3.3, we will use (A1) and (A2) to solve the problem (6) faced by

the large investor in period 0.

5.2. OPTIMIZING CONDITIONS FOR THE PROBLEM (6):

For this analysis, we need to respecify the objective function IT Ll(f qr) of the
problem (6) for each possible case generated from the restriction of F. Substituting
E min (F X) for p in (A1A)(A1D) yields:
(A) F e A(A):
N3,(F, q1) = 8[X405(m4) + Xp05(m )]
+ qL(1 = 8)[Fy0,(ma) + Fpop(ma)] — cmay, (A3A)
B) F € A(B):
* I2(F, qu) = 5[X,0,(ma) + Xson(mp)] -
-+ qL(1 = 8)[X,0,(mp) + Fyo,(mp)] — cmp, (A3B)
(C) F € A(C):
M1§,(F, q1) = 8[X405(mc) + Xp05(mc)]
+ 411 = BIF0yme) + Xyor(me)) —emc,  (A30)
(D) F € A(D):

NP2\(F, q1) = 8 + q.(1 = )I[X,05(mp) + X,0,(mp)] —cmp,  (A3D)
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where m ,; , mp, mc, and mp denote the monitoring levels that satisfy the optimality
conditions (A2A), (A2B), (A2C), and (A2D), respectively.
Now, for each possible set of F, we solve the following constrained maximiza-

tion problem:

My=_ max TI(F,q) i=A4B80CD. (Ad)
FeA(i), qL€0,1] . .

Using the envelope theorem and (A2A)—(A2D), the first-order conditions for
each constrained maximization problem are described as follows:

(A) F € A(A):

) am .
qr [(1 —8)og(mya) + (Fg — Fb)o'g(mA)a—FA;] + M0 —Ng1 =0, (ASa)
g
' amA
qL [(1 = 8)op(my) + (F, — Fb)ag(mA)ﬁ] ~1ngo+Meo — M1 =0, (ASb)

- ’ om
(1 = 8)[Fyo,(m4) + Fpop(ma)l + qr(Fy — Fb)o'g(mA)W: —¢=0, (A50c)
where 1,0, Ng1, M50, 751, and ¢ are the nonnegative multipliers associated with Fg >
Fy, Xy > F,, F, >0, X, > Fp, and 1 > q, respectively. The partial derivatives
dms/0Fg, 0m4/0F,, and dm,4/dq, are derived by totally differentiating (A2A)
with respect to m 4, Fy, Fp, and g,

 (B) F € A(B):

' am
qL [(1 —8)op(mp) + (X, — Fb)"g(ms)a—pf] + M0 — o1 = 0, (A6a)

' p om
(1 = 8)[Xg04(mp) + Fpop(mp)) + gL (X, — Fb)ag(mB)W: — ¢ =0, (A6b)
where 10, 751, and ¢ are the nonnegative multipliers associated with F, > 0, X, >
Fy, and 1 > q,, respectively. The partial derivatives dmp/d F, and dmp/dq, are

obtained by totally differentiating (A2B) with respect to mg, F,, and g, . Note that
Fy is equal to X, in this parameter constellation.

(C) F € AC):

p d :
o [(1 — 8)og(mc) + (F, —Xb)ag(mc)-g"%] +no—ng =0, (A7)
4

! a
(1 = 8)[Fy0,(mc) + X505(mc)] + g1 (Fy — Xb)ag<mc)a—’;’f — ¢ =0, (ATb)




SECURITY DESIGN, INSIDER MONITORING, AND FINANCIAL MARKET EQUILIBRIUM 297

where 740, 7,1, and ¢ are the nonnegative multipliers associated with Fy > X,
X, > Fg,and 1 > g, respectively. The partial derivatives dmc/3 F; and dm¢ /9q.
are constructed by totally differentiating (A2C) with respect to mc, F,, and q;.
Note that F} is equal to X, in this case.

(D) F e A(D):
’ a
(1 — 8)[X40,(mp) + Xs05(mp)] + g1 (Xg — Xz,)ag(nw)g"’q—:2 —5=0, (A8)

where ¢ is the nonnegative multiplier associated with 1 > g;. The partial derivative
dmp/dq. is derived by totally differentiating (A2D) with respect to mp and q,.
Note that F, = X, and F, = X, in this case.

Proof of Proposition 1. We begin by evaluating the first-order conditions for F and
qL, assuming F € A(A), that is, (ASa)-(A5c). To do so, we first need to spec-
ify dm /8 F,, dm,/9F;, and d9m4/dq;, which are obtained from (A2A). Totally
differentiating (A2A) with respect to m 4, Fg, Fp, and q; yields

dma  8qLo,(ma)
= <

0, ' A9
0F, Ay (49
omy S‘ILU;(mA) ‘
3F, ~ A, > 0, ‘(AIO)

dmy _ 8(Fg — Fy)ay(ma) _

0, ' (A1l
g1, Ag : )

where A4 = 8[X; — Xy — qL(F; — Fy)lo,(m4) < 0. Note that A4 is negative
because the second-order condition must be satisfied. The signs of (A9)—(A11)
then follow from (2), 0 < g, < 1, and cr;,(m) > 0. Since 1,0, 1750, and 7y are the
nonnegative multipliers associated with F, > Fp, Fp > 0, and X, > Fp, (ASb)
and (A10) show that 1,0 > 0 or 75; > 0 or both, that is, F; = Fp or X, = F;, or
Fo = F, = X If ngo > 0 so that Fy = Fp, it is seen from (A5a) that 75 > 0,
which means X, = F, = F,. This contradicts F, < X, < X, for F € A(A).
Thus, we must have 7,; > 0 and F, = X,,. Furthermore, if F, = F, = X}, it again
follows from (ASa) that ng; > 0, which implies X, = F,. However, this contradicts
F, = F, = X, < X,. Therefore, we must have X, = F, < F; and n,) = 0. Given
dma/dF, < 0 from (A9) and dm,/dq, < O from (All) with X, = F, < Fy,
we can assume that F, and ¢, are determined as an interior solution by (A5a) and
(A5c). Thus, rearranging (A2A), (A5a), and (A5c) with X, = F, and ngo = 1y =
¢ = 0, we obtain (18a)—(18e) if F € A(A).
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We next discuss the first-order conditions for F and gL, assuming Fe A(B),
that is, (A6a) and (A6b). To specify dmp/d F, and dmg/dq; , we totally differenti-
ate (A2B) with respect to mp, Fp, and g :

8qL0.(m
omp _ 4. ¢(Mp) -0, (A12)

0F Ap

dmp _ 8(Xg — Fy)o,(mp) <0

(Al13)
aqL Ap

where Ap = 8[X; — Xp — qL(X; — Fy)lo, (mp) < 0, which is negative from the
second-order condition. It then follows from (A6a) and (A12) that n, > 0, that is,
Xy = Fp. Given dmp/dq; < 0 from (A13) and F, = X; < X,, we can assume
that g, is determined as an interior solution by (A6b). Thus, rearranging (A2B) and
(A6b) with¢ = 0 and (Fp, Fg) = (X3, X,) from F, = X, and F € A(B), we
have (19a)—(19e) if Fe A(B). - -

To examine the first-order conditions for F and g; when F € A(C), that is,

(A7a) and (A7b), we totally differentiate (A2C) with respect to mc, Fy,and g

dmc _ 8qL0,(mc) -0

= Al4
oF, Ac (A1)

dme _ 8y ~ Xp)a(me)
aqL Ac -

where Ac = 8[X; — Xp — qr(Fp ~ Xb)]a;(mc) < 0, which is negative from
the second-order condition. Suppose that X, = F, = F,. Then, it is found from
(A7a) that ng; > O, that is, X, = F;. Since this contradrcts Fy = X,, we must
have X, = F, < F; for F e A(C) Given dmc/9F, < 0 from (Al4) and
amc/dq; < 0 from (A15) with F; > X,, we can assume that F, and g are
determined as an interior solution by (A7a) and (A7b). Thus, rearranging (A20),
(A7a), and (A7b) with X;, = Fj and 1y = 11 = ¢ = 0, we have (18a)—(18e) if
F € A(C). ~

Finally, we investigate the first-order condition for g; when F € A(D), that is,
(A8). We totally differentiate (A2D) with respect to mp and ¢;, and see

amD S(Xg - Xb)o'gf(mD)
= <0

Al6)
aqr Ap (

Here, Ap = 8(1 — q1)(X,; — Xb)a;(mp) < 0, which is negative due to the
second-order condition. Given dmp/3q; < O from (A16), we can assume that g;
is determined as an interior solution by (A8). Thus, rearranging (A2D) and (A8)
with X, = Fp, X, = F,, and ¢ = 0, we obtain (19a)—(19e) if F € A(D).

(A15)
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Proof of Proposition 2. Since (F ** q.L*) is feasible in the problem (6) even if
. Fis restricted to the set A(A) U A(C), we should notice that l'ILl(F* q;) =
Iz ( F**, 7). Thus, the remaining problem is to check whether or not a solution

with F; < X, is really optimal.

In the absence of the monitoring problem, o,(m) is independent of m so that
g, '(m) = 0. Thus, the problem (6) has no interior solution with respect to Fy if F
is restncted to the set A(4) U A(C). More specifically, it follows from (A5a) and
(AT7a) that ng; > 0 in this case. Thus, we see F; = X, even if F is restricted by
the set A(A) U A(C). This finding implies that the optimal security is equity.

We now return to the situation in which a;(m) > 0. Let us take the solu-
tion (Fg, Fb, qL) = (F*, Fp*, q7*) = (X4, Xy, q7*) as a starting point. Then,
consider a permutation (F, 0 F,,<> , q,?) from the solution (F;*, Fy*, g;*); that is,
(FO, F?, ad) = (Xg — €, Xy, q1*(1+ ¢)), where X; — X5 > € > O and ¢ > 0.
Choose m? that satisfies '

5[Xg — Xy — g5 (FQ — X))o, (m®) =,
which means
8[X, - Xo — qi*(1 + ¢)(Xg — € — Xp)lo,(m®) =c. (A17)
Sinée (FO, F ,,o ) € A(A) N A(C), the large investor’s payoff is represented by
M3, (FO, gf) = 61X,0,(m®) + X,05,(m®)]
+a* (1 + ¢)(1 — HI(Xg — €)0,(m®) + X0, (m®)] — em®.
Now, for I1 fo defined in Proposition 1, construct
re® = [4,(F°, ¢f) — 8, = 8(X, — Xp)[0,(m®) — og(m™)1+
+ar* (1 + )1 = (X, — € — Xp)[og(m®) — 0, (m*™)] — c(m® — m*)
+q7* ¢ (1 — H[(Xg — €)ag(m™) + Xpop(m*™)] — g1 (1 — 8)eay(m™). (A18)
Because of a;' <0, we ﬁnci
8(Xg — Xp)log(m®) — ap(m*™)] —-BqZ*(l + @) (Xg — € — Xp)[og(m®)
—0g(m™)] > ~8[Xy — Xy — g (1 + $)(X, — € — Xp)]o, (m®)(m™* — m?),

for m*™* # m°. A (A19)
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‘ Combining (A18) and (A19) yie}ds
Te® > —{8[Xg — X, — g1 (1 + $)(X; — € — Xp)lo, (m®) — c}(m** — m®)
+ g" (1 + 9) (X, — € — Xp)[og(m®) — g (m*™)]
+ g6 (1 = (X, — g m™) + Xpop(m™)]
—g*( - 8)eay(m™),  form™ £m®.
Since m? satisfies (A17), this inequality reduces to
T? > gi*{(1+ ¢)(Xy — € — Xp)[o(m®) — 0y (m™)]
+ ¢ (1 = )[(X; — €)og(m™) + Xpop(m*™)] — (1 — 8)ea,(m™)},
for m** # m?. (A20)

Now, suppose that we can take a pair (€, ¢) € {(¢, ¢) | X; — X, > € > 0and
¢ > 0} which satisfies

Xe—Xp—qr (1 +9)(Xg —€ — Xp) > X — Xp — ;" (Xg — Xp), (A21)
BL(Xg — )05 (m™) + Xp05(m™)] > €og(m™). : (A22)

Condition (A21) with (19a), (A17), and 08',' < 0 leads to m® > m*, thereby
ensuring that the first term in the large bracket of the right-hand side of (A20) is
nonnegative. Condition (A22) also means that the sum of the remaining two terms
in the large bracket of the right-hand side of (A20) are nonnegative. Thus, if (A21)
and (A22) hold, the right-hand side of (A20) is nonnegative. Combining (A21) and
(A22) under (¢, ¢) € {(¢, ) | X; — X, > € > 0 and ¢ > 0}, we now have the
following sufficient condition for I'“*¢ > 0:

€a,(m**) ' €
¢ o—/—mmm
(Xg — €)og(m**) + Xpop(m**) X, —e—X,

B, (A23)

-
I—ll=

where m** is determined with g7* from (192) and (19d). Note that X, — X, > € is
also fulfilled for any pair of (¢, ¢) > 0 that satisfies (A23). Thus, if these exists a
pair (e, ¢) > O that satisfies (A23), then I'? > 0 for (¢, ¢) € {(¢, ¢) | Xg—Xp >
€ > 0 and ¢ > 0}. This finding shows

N7, > nfl(fo’ QLO) > M7,

The remaining problem is to prove that a pair (¢, ¢) > 0 that satisfies (A23)
always exists. Given gp(m**) = 1 — 0g(m**), we see
€0, (m**) € - €
(Xg — €)og(m**) + Xpop(m™) ~ X, —e = Xp+ —b. X, —€—X,’

ag (m**)
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for any € such that X, — X; > € > 0. This completes the proof of Proposition 2.
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