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ABSTRACT

A THEORETICAL AND EMPIRICAL
INVESTIGATION OF BANKS’ RISK TAKING BEHAVIOR

By

Shin Dong Jeung

This dissertation provides a theoretical and empirical investigation of banks’ risk-
taking behavior. Chapter I examines the relationship between banks’ capitalization and
risk-taking behavior. Conventional wisdom believes that relatively well-capitalized banks
are less inclined to increase asset risk, because the option value of deposit insurance
decreases as the capital to asset ratio increases. There are, however, at least three
shortcomings in the existing theories that cast doubt on the validity of conventional
wisdom: (1) Existing studies have neglected agency problems arising from the separation
of management and ownership. (2) Past studies did not consider risk-return profiles in
which higher risk is associated with higher return. (3) Empirical studies on this issue
provide only mixed evidence.

The aim of Chapter I is to shed new light on this issue by incorporating into a
single model the three different incentives of three agents — the bank regulator, the
shareholder, and the manager — regarding the risk determination by a bank, and by
introducing four distinct assumptions on the characteristics of risk-return profiles. By
combining these two factors, the theoretical model demonstrates that banks’ risk can
either decrease or increase with capitalization depending on the relative forces of the
three agents in determining asset risk and on various parametric assumptions about risk-

return profiles.



Chapter II provides an empirical study for the theoretical analysis in Chapter 1. In
the empirical study, the regression equation is modeled in such a way that the differing
incentives of the three agents are allowed to interact with each other. The regression
results show apparent differences in risk-capitalization relationships across high and low
capital banks, which indicates the presence of regulator’s incentives in determining risk
for low-capital banks. For high-capital banks, it is shown that the positive relationship
between risk and capitalization strengthens as the shareholders’ incentives gain relative
forces, and weakens as the entrenched managers’ incentives gain relative forces.

Chapter III studies a manager’s risk-taking behavior in the banking industry when
the manager has career concerns in the labor market. It is well known that there exists an
investment distortion away from the first best outcome when the manager has career
concerns in the labor market. For example, a risk-averse manager will prefer the riskiest
investment project available when the manager’s choice of a risky project is observable
by the labor market. This paper extends pre.vious studies by allowing that the manager’s
choice of a risky project is not observable by the labor market. Using the second best
reputational equilibrium, it is shown that a risk-neutral manager can choose the least risky
asset available. Since a proxy variable for an unobservable manager’s action is unable to
be obtained, an empirical test on the relationship between asset risk and managerial
career concerns is confined only to the case where the manager’s action is observable. It
is assumed that the portfolio measures of risk based on accounting data are readily
observable, and these are used as a proxy for the manager’s choice of risky assets. The
regression results show no discernible relationship between career concerns and asset

risk, implying that the manager is roughly risk-neutral.
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CHAPTER 1

BANKS’ RISK, MORAL HAZARD AND CAPITALIZATION

A Survey and Unified Approach to Modeling Bank’s Risk-Taking Behavior

1 Introduction

The finance literature established two important results about the agency problem of
the shareholder vis—-vis the debtholder, also known as ‘asset substitution moral hazard.’
First, the shareholder has an incentive to increase the risk of investment assets at the
expense of the debtholder’s interest once debt has been issued (Jensen and Meckling,
1976). And second, the shareholder increases monotonically the investment risk as the
leverage ratio increases (Green and Talmor, 1986).

The same analyses are also done in the banking literature, where the debtholder is
replaced by the deposit insurer. First, when deposit insurance is underpriced, there ex-
ists an insurance subsidy from the deposit insurance to the bank, called the option value
of deposit insurance. Since the option value increases with asset risk (Merton, 1977),
an equity value maximizing bank shareholder has an incentive to take excessive risks
to exploit this option value (Dothan and Williams, 1980; Kareken and Wallace, 1978;
Sharpe, 1978). Second, since the option value increases with the leverage ratio — i.e.,
decreases as the capital to asset ratio increases — relatively well-capitalized banks will
be less inclined to increase asset risk (Keeley and Furlong, 1990; Furlong and Keeley,
1989).

This paper aims at reconsidering the above well-established results for the banking



industry. The motivation for this paper is three—fold. First, even though the theoretical
prediction is clear, empirical evidence on this issue is mixed in both the finance and
banking literatures. In the finance literature, some authors (e.g., Baskin, 1989; Cas-
tanias, 1983) find a positive relationship between a firms’ debt level and the riskiness
of cash flows, while other authors (e.g., Bradley, Jarrell and Kim, 1984; Titman and
Wessels, 1988) find an insignificant or a negative relationship. In the banking literature,
while Keeley (1990) finds evidence in favor of the theory, other authors (Santomero and
Vinso, 1977; Peek and Rosengren, 1997) find little connection between capitalization and
the incidence of bank failure. Furthermore, Sheldon (1995, 1996B) finds that the capital
ratio and the probability of failure are positively correlated, implying that more highly
capitalized banks are more likely to fail. The mixed evidence suggests either there are
methodological problems in the existing empirical studies or the theoretical prediction
is incorrect.

Secondly, contrary to the theoretical predictions by Furlong and Keeley (1989, 1990),
it is often suggested by academics, practicing bankers, and regulators that banks — es-
pecially ‘those banks that had to raise capital to meet higher capital standards — shift
their portfolio structure from low-risk assets toward higher-risk, higher-return assets
in order to compensate for additional costs imposed by the more stringent capital stan-
dards.! It seems that bankers and regulators are not totally convinced by the theoretical
propositions regarding the relationship between asset risk and leverage. One problem of
the earlier theoretical studies is that asset risks are characterized by a mean preserving

spread or second order stochastic dominance. In these risk characteristics, riskier assets,

1This view on the effect of capital regulation is widely held by regulators and the public press and
is also often found in academic studies. The introduction of risk-based capital regulation in 1980s was
largely motivated by this view. (For the discussion of this issue, see Reinicke, 1995, pp. 134-181.)



in general, have higher variance and smaller mean return, which means that they do not
represent higher-risk higher-return assets. Therefore, the findings of these theoretical
studies, in fact, cannot be used as the grounds for the argument against the belief of
bankers and regulators.

Thirdly, most theoretical studies consider a bank that is run by an owner-manager.
This approach, however, may be flawed because in reality the shareholder of a bank del-
egates the running of the bank to the manager. Thus, this approach neglects the agency
problem arising from the separation of management from ownership. If the manager
privately chooses his actions and these are not directly observable by the shareholder, a
moral hazard problem arises: the manager will choose his actions with a bias towards
his private benefit rather than to maximize the shareholder’s interest. This results in
a double moral hazard problem: the shareholder’s moral hazard due to underpriced
deposit insurance, and the manager’s moral hazard due to unobservable actions. Most
of the existing literature deals with the first kind of moral hazard but does not con-
sider the second kind of moral hazard. Since the incentives toward risk-taking could be
considerably different between the shareholder and the manager, neglecting managerial
incentives may cause an incorrect prediction about banks’ risk taking behavior.

Based on these observations, this paper investigates the relationship between the
bank’s capitalization and risk taking behavior. A novel feature of the paper is that
it identifies and incorporates into a single model the three different incentives of three
agents regarding the risk determination of a bank. The three agents are the bank reg-
ulator (specifically deposit insurer), the shareholder, and the manger. The other novel
feature is that it introduces four distinct assumptions on the characteristics of risk-

return profiles. It not only considers the traditional risk ordering concepts such as mean



preserving spread or second order stochastic dominance, but also considers a risk-return
profile where high risk is associated with high return. By combining these two factors,
the theoretical model demonstrates that the bank’s risk can either decrease or increase
with capitalization depending on the relative forces of the three agents in determining
asset risk and on the various parametric assumptions. Specifically, it addresses whether
more capitalized banks have an incentive to invest in higher-risk higher-return assets.
This finding is interesting because it does not rely on risk averse agents (as in Kim and
Santomero, 1988; or Koehn and Santomero, 1980), or complicated loan cost functions
(as in Gennote and Pyle, 1990), nor regulatory constraints (as in Park, 1997).

This paper relates to three areas in the literature. It relates to the literature on
the effect of a capital adequacy requirement on banks’ asset risk. Existing studies on
this issue do not reach a consensus. Kahane(1977), Koehn and Santomero (1980), and
Kim and Santomero (1988) argue that uniform capital regulation can increase rather
than decrease banks’ risk-taking incentives, while Furlong and Keeley (1989, 1990) ar-
gue the opposite. Subsequent studies such as Gennote and Pyle (1990), and Besanko
and Kanatas (1996) also have contradicting arguments. I intend to shed new light on
this issue by constructing a complete model of risk determination that incorporates the
differing incentives of three agents.

The second area is studies on the asset substitution effect in firms. The effect of
leverage on asset risk has been conjectured by Jensen and Meckling (1976), was dis-
cussed by Gavish and Kalay (1983), and is established by Green and Talmor (1986).
Using a surprisingly simple but generalized version of Gavish and Kalay’s model, Green
and Talmor demonstrate that the shareholder increases investment risk monotonically

as the leverage ratio increases. The shareholder’s objective in this paper is a direct



application of their model applied to banking, but it is different from their study in that
it incorporates the case of higher-risk higher-return investment assets.

The third stream of the literature is about managerial private benefits. Managerial
private benefits commonly identified in the literature include shirking, managerial ca-
reer concerns, stealing, and perquisites. Following Dewatripont and Tirole (1994a, b), I
assume that managerial private benefits can either increase or decrease with asset risk.
This simple assumption enables to demonstrate that the manager may have an incentive
to increase the investment risk as capitalization increases.

The composition of the paper is as follows. Section 2 contains an extensive literature
review. The basic set-up is constructed and the main assumptions are introduced in
Section 3. The theoretical analysis is conducted in Section 4. Section 5 contains the
summary and conclusion to the paper. An empirical test for the theories of this paper
is provided in Chapter II of this thesis, “An Empirical Test on the Relation between

Banks’ Risk and Capitalization.”

2 Discussion of the Literature

2.1 The Agency Problem of the Shareholder

In the world of perfect capital markets of Modigliani and Miller (1958, 1961), the market
value of the firm is independent of its financing decisions; any increase or decrease in a
firm’s value caused by a change in investment policy accrues to the firm's shareholders.
A policy which maximizes firm value also maximizes the wealth of the shareholders.

Therefore, if capital markets are perfect, shareholders have an incentive to choose the



investment policy which maximizes the market value of the firm (Fama, 1978).

The above scenario, however, ignores potential conflicts of interests between share-
holders and debtholders. The agency problems arising from these conflicts are known as
‘limited liability effect of debt financing’ in the finance literature. One of the problems
is that shareholders, who want to maximize the equity value rather than the total (eq-
uity + debt) value of the firm, have a tendency to shift investment projects into riskier
ones.?2 This agency problem caused by the shareholder is known as ‘asset substitution
effect’. (See Gavish and Kalay, 1983; Green, 1983;, Green and Talmor, 1985; Jensen and
Meckling, 1976, e.g.)

Jensen and Meckling (1976) consider two risky investment opportunities with equal
market value (V) and different variance (0 < 02). It is assumed that the shareholder
is risk-neutral and wants to choose the project with the higher equity value. If the
shareholder has the right to first decide which investment project to take, and then
the opportunity to issue debt (denoted by B), he will be indifferent between the two
alternatives. If, however, the order is reversed, then the shareholder will prefer the one
with the larger variance, i.e., the riskier project. The reasoning is as follows: as Black
and Scholes (1973) suggest, shareholders of a levered firm can be viewed as holders of
a European call option whose exercise price equals the face value of the debt. More-
over, Merton (1973, 1974) shows that as the variance of the outcome distribution rises,
the value of the call option (i.e., the equity) rises. This implies that the equity value
(denoted by S) is higher with the riskier investment project (S; < S,), where the risk

is measured by the variance of its future outcome. This also implies that the value of

2There are other examples of conflicts of interest between shareholders and debtholders discussed in
the literature. For example, Meyers (1977) considers the case that the shareholder rejects positive net
present value projects (underinvestment). Bulow and Shoven (1978) deal with the conflicts of interest
concerning the bankruptcy decision of a firm.



debt is smaller with the riskier investment project (B; > B;), since B; = V — S) and
B; = V — S,. Therefore the equity value maximizing shareholder has an incentive to
increase investment risk at the expense of the debtholder’s interests.

Jensen and Meckling (1976) conjecture that the shareholder’s incentive to increase
the firm’s risk is a monotonically increasing function of leverage ratio. Gavish and Kalay
(1983) claim to be the first study to formally examine the effects of the leverage ratio
on the shareholders’ incentive to increase firm risk. Using an attractively simple model,
they argue, contrary to the Jensen and Meckling’s conjecture, that the shareholder’s in-
centives to increase the investment risk (measured by the variance of its future outcome)
is not an increasing function of the leverage ratio. Instead, it reaches a maximum where
the face value of the bond equals the expected value of the firm. They conclude, thus,
that shareholders who control firms with a high leverage ratio are less likely to choose
high risk projects with negative net present value.

Jensen and Meckling’s conjecture and Gavish and Kalay’s counter—claim are reex-
amined by Green and Talmor (1986). Using a similar with but more generalized version
of Gavish and Kalay’s model, they argue that Gavish and Kalay’s findings, in fact, can-
not be interpreted as supporting their own argument. They show that as the promised
debt payment increases, shareholders increase monotonically the risk of the firm,® which
confirms the conjecture of Jensen and Meckling.

The discussion of the asset substitution effect in the context of banking goes back
to Merton (1977). He has shown that demand-deposit guarantees are analogous to put
options and can be valued using standard option pricing formulas. Consider a bank with

a total asset portfolio of A dollars and demand deposits of D dollars. If the demand de-

3The main argument of their analysis is given in Proposition 1 of their paper.



posits are guaranteed by deposit insurance, then the value to the bank of the guarantee,

G(T), when the length of time until the maturity date of the deposits is T, is

G(0) = max{0,D — A},

which is identical to that of a put option, where D corresponds to the exercise price
and the value of the asset, A, corresponds to the common stock’s price. Essentially, by
guaranteeing the demand deposits, the deposit insurer has issued a put option on the
assets of the bank which gives the bank the right to sell those assets for D dollars on the
maturity date of the deposits.* Merton (1977) shows that the option value of deposit
insurance, G(0), increases as the leverage or asset risk increases.

In a similar context, but using state preference models, several authors (for instance,
Dothan and Williams, 1980; Kareken and Wallace, 1978; Sharpe, 1978) have computed
the net present value of the subsidy (option value) implicitly provided by the deposit
insurance system to banks. They have shown that when deposit insurance is underpriced,
equity-value maximizing bank shareholders will attempt to hold the riskiest portfolio
they are allowed to hold.

It can be shown that under the underpriced deposit insurance, the value of bank

equity can be decomposed into two parts:

E(V)=E(A)+ E(), (1)

where V is the value of the bank equity, A is the net present value of bank asset, I

is the value of deposit insurance subsidy and E is the expectation operator. If we

4One problem of the above analysis is that most demand type bank deposits do not have a maturity
date, and thus the model assumption of a term-deposit is not strictly applicable. However, if we
interpret the maturity date as the renewal date of the deposit insurance guarantee (i.e., the next bank
examination date by regulatory agencies), then the model’s structure is reasonable even for demand
deposits. (See Merton, 1977, pp. 8-9.)



let A = 0, then the equity-value maximizing problem is identical to maximizing the
insurance subsidy. Since the insurance subsidy is an increasing function of asset risk
and leverage, equity—value maximizing banks will attempt to maximize the value of the
insurance subsidy by increasing the asset risk and leverage.

The implication is that a more highly capitalized bank will be less inclined to increase
asset risk, which is a similar argument as in the discussion for the asset substitution effect
in the firm. While it seems that the discussion on the asset substitution effect in the
firm has been virtually completed by the study of Green and Talmor (1986), it has a
different perspective in banking. Since the banking industry is highly regulated, the
leverage that a bank can take is strictly regulated by authorities in the form of capital
adequacy regulation. The question regarding the effect of leverage on asset risk asked in
the context of banking was whether more stringent capital adequacy requirements are

effective in reducing the bank’s incentive to take excessive risk.

2.2 Discussion on the Effectiveness of Capital Regulation

It appears that the literatures on the effects of capital regulation on banks’ risk taking
can be categorized into three groups. First, the literature that uses a mean-variance
portfolio selection approach. There it is argued that uniform capital regulation can
increase rather than decrease a banks’ risk-taking incentives. Second, the literature
using an equity-value maximization approach. This shows that more stringent capital
regulation does not raise the bank’s incentive to increase asset risk. Third, the literature
that considers the effect of capital regulation in an imperfect information environment,

where there exists managerial moral hazard.



2.2.1 Mean—Variance Portfolio Selection Approach

Studies using the mean-variance approach are Kahane (1977), Koehn and Santomero
(1980), and Kim and Santomero (1988). Kahane is considered to be the first important
work to cast doubt on the effectiveness of capital regulation. Using a mean-variance
framework, where the intermediary wants to choose the composition of portfolios that
minimize the standard deviation of return given the mean value of return, he finds that
a minimum capital requirement increases the intermediary’s probability of ruin. This
finding is contrary to the conventional wisdom up till then, instigating further research
on this issue.

Koehn and Santomero (1980) and related work by Kim and Santomero (1988) have
been regarded as the main works using the mean-variance model. The main idea is
developed in Koehn and Santomero; Kim and Santomero is an extension to the previous
one. Their analyses are more advanced than Kahane (1977) in the sense that they eval-
uate the effect of capital regulation not only on the probability of failure but also on the
portfolio risk. This is made possible by modelling banks as portfolio managers. That
is, banks are assumed to be risk averse and choose a portfolio composition to maximize
expected utility from uncertain profits. Regulators want to reduce the riskiness of the
bank portfolio so as to reduce the probability of failure.

In Koehn and Santomero, the effect of uniform capital regulation depends on the
bank’s risk preference, specifically, the coefficient of relative risk aversion. If the regu-
lator increases the capital to asset ratio (K/A), the bank’s leveraging ability decreases.
Then, relatively less risk averse banks — any bank with a relative risk aversion coeffi-

cient smaller than the critical value — would reshuffle assets toward riskier ones to offset
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the impact of the forced lower leverage. This leads to the key point of their argument:
Higher capital standards can lead to more asset risk because banks that are required to
increase capital will shift to higher yielding, riskier assets to increase the rate—of-return
on equity. They conclude that capital regulation is an inadequate tool to control the
riskiness of banks and the probability of failure. Consequently, they suggest that regu-
lation should be imposed on both asset composition and capital.

Criticism of the mean—variance model comes from Keeley and Furlong (1990). They
focus on Kahane (1977) and Koehn and Santomero (1980) (referred to as KKS). They
point out that KKS uses one basic assumption that is inconsistent with the major result
of the models. KKS assume that banks can borrow unlimitedly at a constant rate, which
is possible only when the probability of failure is zero. This contradicts the result of the
models that increases in asset risk caused by more stringent capital regulation would
increase the probability of bank failure. If the probability of failure is zero from the
beginning, how can the asset risk affect the probability of failure?

If deposit insurance is introduced in KKS, which is the case in Kim and Santomero
(1988), then the inconsistency can be resolved. If models of KKS can be interpreted as
assuming a fixed rate deposit insurance premium implicitly, however, another problem
arises. Once a fixed rate premium is assumed, banks try to gain from the deposit insur-
ance subsidy — called the option value of deposit insurance. Keeley and Furlong (1990)
argue that mean-variance models ignore this point, and thus result in inappropriate

predictions on the effect of capital regulation on banks risk taking.
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2.2.2 Value Maximizing Approach

The value maximizing approach is different from the mean-variance model in that it
assumes a risk neutral equity-value maximizing bank instead of a risk averse utility
maximizing one. Since the work by Furlong and Keeley (1989), it has become standard
in modeling the effectiveness of capital regulation. The early works of this approach are
Furlong and Keeley (1989 and 1990).5 These works are related to works that study the
asset substitution effect in banking, such as Merton (1977), Sharpe (1978), Kareken and
Wallace (1978), and Dothan and Williams (1980).

Based on theses previous analyses, Furlong and Keeley (1989) show that a reduc-
tion in leverage caused by stringent capital regulation reduces the marginal gain from
increasing asset risk. Mathematically, this can be expressed as:

ol
0o0K

lap=0 <0 (2)
where o is a measure of asset risk. Thus, assuming the stringency of asset regulation is
not changed, more stringent capital regulation unambiguously reduces the incentive to
increase asset risk and the risk exposure of the deposit insurance system.

Subsequent studies using the value maximizing framework show that Furlong and
Keeley’s model can be extended to allow for a negative effect of capital regulation on bank
asset risk. Here we examine two of them, Gennote and Pyle (1990), which incorporates
a loan cost function and Park (1997), which incorporates regulatory constraints.

Gennote and Pyle is a notable work that extends the option pricing model but yields

a different conclusion on the effectiveness of the capital regulation. They argue that

setting the net present value of bank assets to zero (A = 0) in the above papers is a

5The main idea of the model is developed in Furlong and Keeley (1989). Keeley and Furlong (1990)
is devoted to addressing KKS.
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critical assumption. They depart significantly from previous research by incorporating a
loan cost function — capturing loan evaluation and monitoring costs, which make bank
loans intrinsically different from zero net present value investments. They assume the
cost function is increasing and convex in the level of investment and asset risk.

For formal analysis, they let J(v, o) denote the present value of the bank asset net of
evaluation and monitoring costs, where v represents the present value of cash flows and
o is a risk index. As before, the value of bank equity can be expressed as the sum of the
deposit insurance subsidy and net present value of asset. For simplicity, let’s eliminate

the expectation operator in equation (1) and rewrite as follows:

V(v,0) = J(v,0) + I(v,0) (3)

Equation (3) shows symbolically that the bank’s optimal asset portfolio is determined
by the tradeoff between portfolio net present value and subsidy value. The first order

conditions for an interior maximum are:

V. =L (v,0) + L (v,0), (4)

Vo = Jo(v,0) + I, (v, 0). (5)

The bank invests until the subsidy on the marginal dollar (I, > 0) offsets the (negative)
present value of the marginal investment (J, < 0), where I, > 0 because the insurance
subsidy is an increasing function of risk and J, < 0 because the loan cost function is
convex in risk. The latter shows that insurance subsidies result in inefficient risk taking.

Based on this set-up, they investigate the necessary and sufficient conditions in
which a tightening in the capital requirement results in an increase in asset risk and the

probability of failure, where the necessary condition is that marginal costs increase with
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risk (J,, < 0) and the sufficient condition crucially depends on the properties of return
distributions and the loan cost function. This conclusion supports the earlier conclusion
that uniform capital regulation may be ineffective, and may even promote greater bank
risk-taking. Even though their finding is interesting, it depends to a large extent on the
specific functional forms assumed in the paper, and this restricts the predictive power
of the model.

Park (1997) explicitly introduces regulatory constraints such that a bank cannot
expect a positive insurance subsidy if it is classified as risky by regulators, where the
probability of being classified as risky is a continuous function of capital ratios and the
portfolio share of risky assets. As in Furlong and Keeley (1989), he assumes zero net
present value investments, which implies that the bank managers seek to maximize the
value of the deposit insurance subsidy. He predicts that a positive relationship between
the capital ratio and the riskiness of the asset portfolio is possible in a bank with a
high—variance investment opportunity, which is contrary to the result of Furlong and

Keeley (1989, 1990).

2.2.3 Managerial Moral Hazard Approach

In the previous two approaches, it is assumed that banks are owned and managed by
the same agent (the banker). The moral hazard problem in banks’ risk taking behavior
arises only from the incentives of banks’ shareholders. In reality, however, the majority
of large banks are owned by a large number of small investors. Bank managers own
(at most) a small fraction of their bank’s equity. Therefore it may be more appropriate
to concentrate on the incentives faced by these managers rather than on those of the

shareholders. Not much work has been done in this area, however, partly because it is
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more difficult to understand how the bank’s solvency and the performance of managers
are related. Here we examine Besanko and Kanatas (1996).

Besanko and Kanatas apply a value-maximizing model in an imperfect information
environment and show that capital regulation can be counter-productive. The main
feature of their study is that more stringent capital standards invoke two types of moral
hazard problems: asset-substitution and effort-aversion moral hazards.

Asset—substitution moral hazard arises because bank owners want to benefit from
the underpriced deposit insurance. As in Furlong and Keeley (1989, 1990), they show
that capital regulations limit the bank’s incentive to increase risky assets. Therefore, if
asset—substitution moral hazard were the only consideration, an increase in the capital
standard would unambiguously improve bank safety.

The second type of moral hazard, effort aversion moral hazard, is an application to
banking of Jensen and Meckling’s (1976) agency problem that involves a firm’s insiders
and its outside investors. In the model, bank insiders own a fraction of the bank’s equity.
They make a loan portfolio decision and an effort decision. The model is constructed
such that an increase in bank capital has two effects on the managerial effort level. On
the one hand, it induces more effort because substituting equity for deposits increases
the banks’ market value of equity, although it does reduce any deposit insurance subsidy.
On the other hand, it dilutes the bank insiders’ (managers’) ownership share,® which
reduces their marginal benefit of effort. In their model, the dilution effect is so strong
that it dominates the beneficial effect that the capital standard has on effort. Therefore

the equilibrium effort actually decreases as the capital standard is raised.

6]t is assumed here that the bank issues stock to satisfy the capital standard, and the insiders are
excluded from obtaining the new stock.
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Between the asset substitution and effort aversion effects, it is uncertain which of
the two dominates. It depends on the level of capital and the bank’s particular circum-
stances. Under certain conditions, increasing capital standards may increase asset risk

and reduce bank safety.

3 The Model

3.1 The Financial Structure of a Bank

I consider a two—date model. At t = 0, a bank is endowed with an amount, K, of capital
and issues a fixed amount, D, of deposits. By assuming K and D are given exogenously
to the bank, I deliberately abstract from the leverage decision (D/K) of the bank. If
leverage is allowed to vary endogenously in the model, the choice of risky assets can
also affect the leverage decision. The interaction between the two is an interesting issue,
but I do not discuss this issue because I am primarily interested in the effect of bank
capitalization on the bank’s choice of risky assets. Accordingly, I treat the leverage
ratio as determined er ante. However, I assume the endowment of capital, K, varies
cross—sectionally across banks. Each bank is endowed with a different amount of capital
but issues the same amount of deposits. Consequently each bank has a distinct level of
capitalization, which may allow banks to have different preferences over risky assets.
The bank invests capital and deposits in risky assets of which the return is a random
variable. The returns on risky investments are realized at date t = 1. At ¢t = 1, the bank
pays back a fixed amount of D; > D to depositors. I assume all the bank deposits are

fully insured by the government with a fixed rate insurance premium. For simplicity,
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the insurance premium is normalized to be zero. Thus, %1- defines the risk-free interest
factor (1 plus the interest rate) on deposits. It should be noted that if the bank is not
insured, then D, will be different depending on the leverage level and riskiness of bank
assets, because depositors will require a risk premium.

Before I proceed further, some justifications for the assumption of full coverage and
a fixed rate insurance premium will be useful. Under the current deposit insurance plan,
various types of deposits normally are covered up to $100,000 for each single account
holder. However, the Federal Deposit Insurance Corporation (FDIC) can provide virtu-
ally 100% insurance coverage for nearly all depositors, whenever possible, by avoiding
closing a bank.”

The assumption of a fixed rate insurance premium may not be relevant under the
current deposit insurance system because U.S. banks are subject to risk-based premiums
after 1993 as mandated by the FDIC Improvement Act of 1991. More risky banks must
pay higher insurance premiums. The FDIC assesses the degree of risk exposure of an
individual bank based on (1) the adequacy of capital and (2) the risk class judged by
examination results.® However, the current insurance plan is not completely risk sen-
sitive and fairly priced. As long as there exists an insurance subsidy through deposit
insurance to the bank, the assumption of a fixed rate insurance premium will be relevant
in studying banks’ risk-taking behavior under deposit insurance.

The literature to date does not document much empirical evidence on the deposit

"The FDIC is authorized to provide direct assistance to troubled banks, it can provide the assistance
required to get a closed bank reopened, and most importantly it can assist bank mergers between a
failing bank and a sound bank by engaging in ‘purchase and assumption transactions.’ (The FDIC can
pay the sound bank to acquire the assets and assume the liabilities of a failing bank.)

8There are three classes of capitalization — well capitalized, adequately capitalized, and undercapi-
talized — and three supervisory risk categories — A, B and C. The well—capitalized, A-rated deposito-
ries pay the lowest deposit insurance fees per each $100 of deposit they hold, while the undercapitalized,
C-rated institutions pay the greatest insurance fees. (See Rose, 1999, p. 418.
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insurance pricing for the current deposit insurance system. Empirical studies for the
period prior to the reform of 1991 provide mixed evidence on deposit insurance pricing
(Marcus and Shaked, 1984; Pennacchi, 1987; Ronn and Verma, 1986). However, some
authors discuss the infeasibility or the undesirability of fairly priced deposit insurance.
For example, Chan, Greenbaum and Thakor (1992) show that fairly priced deposit in-
surance may not be feasible in the presence of private information (the possibility that
the bank will misrepresent its asset risk in order to obtain more favorable insurance
pricing) and moral hazard (the possibility that the bank will skew its asset choice in
favor of more risk). Frexias and Rochet (1998) show that, in a more general case, fairly
priced deposit'; insurance may actually be viable under asymmetric information, but that

it will never be completely desirable from a general welfare viewpoint.

3.2 Properties of Return Distributions

Let 7 denote the interest factor on the banks’ investment asset.® Conditional on a risk
parameter, a, the cumulative distribution function (c.d.f.) of asset return is denoted by
F(r|a) and its associated probability density function (p.d.f.) by f(r|a). I assume the
conditional distributions satisfy the location and scale parameter (LS) condition defined

by William Feller (1971, pg. 137):

Definition 1 Two distributions F(r|a;) and F(r|ag) are said to be of the same type if
F(rloy) = F(y+ 6 x 1| ag) with § > 0. I refer to § as scale factor, and v as centering

(or location) constant.

91n other words, it is the return per dollar on the investment asset
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The LS condition says that changes in distributions from F(r|a,) to F(Tl;g) amount
only to a change in the centering of the distribution and a uniform shrinking or stretching
of the distribution. This means that if the support of the distribution is bounded, it
changes with a.!° I assume the supports of the distributions are contained in the interval
[0,7], for all values of a. In other words, the value that r can take is bounded below
by zero and above by 7. The LS condition specifies how the random variables must
be related to one another, but places no restriction on the functional form of the c.d.f.
describing any particular random variable (Meyer, 1987).1!

Assume a choice set in which all random variables conditional on risk parameter,
r | o, differ from one another by location and scale parameters. Let X be the random

variable obtained from one of the r | a using the normalization transformation X =

ria—ula

a) where p(a) and o(a) are the mean and standard deviation of r | a. Note that

the normalized random variable has a mean of zero and a standard deviation of one.

Now all 7 | & can be expressed as:
m|a=p(a)+o(@)X (6)

In other words, all 7 | a are equal in distribution to p(a) + o(a)X. I assume the risk
parameter « lies in the set [0, 1] and this set completely characterizes the investment
opportunity set of a bank. I will occasionally refer to the standard deviation of the asset
return, o(c), as the asset risk.

I make distinct assumptions on how changes in risk parameter a affect the mean

10[f the support of F(r|a;) is [g, A}, then the support of F(r|as3) is [y + 69,7 + 6h].

11Examples of distributions which are closed under the LS condition are the normal and uniform
families. The lognormal family is not closed under this condition, even though it belongs to the two-
parameter families. It should be noted that the LS condition is different from the concept of a two
parameter family of distribution functions. The LS condition is a well-defined special case of the
ill-defined two—parameter family condition. (For further discussion of this issue, see Rothschild and
Stiglitz, 1970 and Meyer, 1987.)
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and standard deviation of asset return. As one will see later, different assumptions have

different implications on the bank’s probability of failure and asset risk choice.

3.2.1 Constant-Variance FSD(y'(a) < 0 and ¢'(a) = 0)

This assumption corresponds to the case where increasing a makes the investment asset
riskier in the sense of first order stochastic dominance sense!? (hereafter FSD). The
assumption of FSD has been widely used in principal-agent models, where it is assumed
that the agent’s hidden action shifts the distribution of the uncertain outcome in sense of
FSD.13 This assumption is necessary, for the principal would like to see the agent increase
his effort.!4 This assumption has not been used in the banking literature, however,
because this is too strong an assumption for studying the dynamics of bank shareholder’s
risk-taking behavior in conjunction with capitalization. This case is represented by a

vertical line in (o, u) space.

3.2.2 MPS(y'(a) =0 and o'(a) > 0)

This is the case of mean preserving spread (MPS).!® The concept of MPS (i.e., equal
mean and different variance) has been popularly used in ordering risky assets in the
banking and finance literature, because the variance of the asset provides a simple mea-

sure for ordering riskiness among risky assets. For example, Furlong and Keeley (1989,

127 distribution F(r) is said to stochastically dominate the distribution G(r) in the first order if and
only if G(r) — F(r) > 0,Vr € [0, 7).

13Gee, for instance, Holmstrom (1979), Harris and Raviv(1979), Holmstrom and Milgrom(1987),
Zwiebel(1995), or Jeitschko and Mirman (2002) among others.

4In other words, it is a necessary condition for the multiplier of agent’s incentive compatibility
constraint to be positive (Holmstrom 1979, Proposition 1).

157 distribution G(r) is said to be a mean preserving spread of the distribution F(r) if the p.d.f.
g(r) is obtained from the p.d.f. f(r) by taking some of the probability weight from the center of f(r)
and adding it to each tail of f(r) in such a way to leave the mean unchanged (Rothschild and Stiglitz,
1970).
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1990) adopt this concept when they investigate bank’s risk taking behavior using Black
and Sh<.>le£ option pricing formula. In their formula. the value of bank equity does not
depend on mean return of bank asset, u(a), which implies that the effect of the risk pa-
rameter on the mean return is equal to zero (4'(a) = 0).!® However, as one will see, the
concept of MPS is also not an appropriate criterion in examining the asset substitution
moral hazard in banks as long as the bank shareholder’s objective is concerned. This

case is represented by a horizontal line in (0. 1) space.

3.2.3 Strict Mean-Variance Ordering(y'(a) < 0 and ¢'(a) > 0)

This is the case considered in Green and Talmor (1986). It is assumed that by increasing
a the bank decreases the mean (yi'(a) < 0) and scales up the asset risk (o'(a) > 0).
Note that this case reduces to the traditional mean-variance ordering!” if the assumption -
is replaced by p'(a) < 0 and ¢'(a) > 0. It is known that if F(r | a) satisfies the
LS condition, and the scale parameter is a monotone increasing function of variance
alone, then the mean-variance ordering is equivalent to the concept of second order
stochastic dominance.!® (See Fishburn and Vickson, 1978 for a discussion of this issue.)
So this assumption is a special case of second order stochastic dominance (SSD). If we

consider any two risky alternatives, then the assumption implies the single crossing of

16In the Black-Scholes formula, the mean return of the asset( x) only indirectly impacts the value of
equity through its impact on the current asset value. If the effect of risk parameter on mean return
were not equal to zero (u'(a) # 0), then a change in asset risk(c) accompanies a change in mean return,
which impacts asset value and thus equity value. This indirect impact is not captured in Furlong and
Keely's analysis.

17A distribution F(r) is said to dominate the distribution G(r) in the sense of mean-variance ordering
if and only if ur > pc and o < og. This concept should not be confused with the mean-variance
approach to evaluate the expected utility, where the expected utility is assumed to be a function of
mean and variance of random variables. While this latter issue is very important for risk—averse agents,
it is irrelevant in this study, because I am-assuming universal risk neutrality. (For the discussion of the
latter issue, see Bigelow, 1993; Meyer, 1987; Sinn, 1989.)

187 distribution F(r) is said to stochastically dominate the distribution G(r) in the second order if
and only if [/(G(r) — F(r)|dr > 0,vy € [0,7].
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the two distributions. One may note that the single crossing of c.d.f.s implies SSD
and excludes FSD. One will see that this case is a more appropriate concept for risk
ordering in studying bank shareholder’s asset substitution moral hazard in conjunction
with capitalization. Some authors such as Bhattacharya, Boot and Thakor (1998) and
Besanko and Kantas (1996) use the concept of SSD in explaining the asset substitution
moral hazard under deposit insurance. However they do not explicitly recognize the
possibility that the concept of SSD can allow FSD and therefore asset substitution
moral hazard may not occur in a set of c.d.f.s that can be ordered by SSD. This case is

represented by a negatively sloped convex function!® in (o, 1) space.

3.2.4 Higher-Risk Higher-Return( y'(a) > 0, ¢'(a) >0, -d%(%) = ELG‘,"—'E <0)

I extend Green and Talmor (1986) by assuming that an increase in o increases both the
mean (y'(a) > 0) and the asset risk (0'(a) > 0 ), but increases the former less than
the latter, i.e, d% %) = "—I”—;,"—"‘i < 0. The ratio, £, is the inverse of the coefficient. of
variation, which is commonly used as a measure of the dispersion of the distribution of
a positive random variable in statistics theory. Thus the assumption implies that the
dispersion of the return distribution increases with a. This case is represented by a
0

concave function in (o, u) space.?

The assumption itself does not provide a measure of risk ordering between alternative

19The function is convex because %( aﬂ&%) = %"—’2 < 0, where the inequality holds because I
am assuming 4’ < 0 and o/ > 0. Itiseasytoverifythaty’a-o”p.=ax;4xax(f‘;—"-%‘-’.)=
o x pxax (e —¢€s), where €, is the elasticity of mean return with respect to a and ¢, is the elasticity
of standard deviation with respect to a. So the condition, u’ < 0 and ¢’ > 0, implies €, < €,, which in
turn implies that for a unit change in & the change in standard deviation is larger than the change in
mean return. When the function is negatively sloped, this is equivalent to saying that the function is
convex.

20Again, the concavity results from the condition €, < ¢,. When the function is positively sloped,
this condition is equivalent to saying that the function is concave.
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risky assets. However, as one will see, this assumption has an implication on the prob-
ability of failure. If one measures the riskiness of an asset by the probability of failure
that the asset carries, then this assumption can be used as a measure for ordering risk. It
is important to note that it may be this assumption that represents more appropriately
the risky asset alternatives of a bank, as is well described by the phrase, “higher-risk
higher-return assets.” This last case is included to examine the argument that more
capitalized banks invest in “higher-risk higher-return assets” and thereby have higher
probability of failure.

It may be noted that the condition %({“J&%) = 22E < 0 trivially holds in the first
three cases. Under this condition, the support of the new distribution is bounded below
by a = —58—:3 and above by b = i;—é‘é:—ﬁfz (see Figure 2).

Finally, I assume that the expected return of the risky asset is no less than the risk
free interest factor (u(a) > %l). A bank will be willing to invest in a negative net
present value project if the option value of deposit insurance is large enough. However,

I exclude negative net present value projects from analysis. The following summarizes

assumptions on the properties of return distributions.

Assumption 1 The various conditional return distributions satisfy the following prop-
erties:
(a) The scale and location parameter condition.
(b) The mean and variance of the asset return satisfy either
(i) ¥'(a) £0 and o'(a) > 0; or
(i) p'(a) >0, o’(a) > 0, together with ﬁ({;‘%) = -“%‘,"—'ﬂ <0

(c) It is assumed that p(a) > 2 Va € [0,1).
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Figure 1: Illustrations of Investment Opportunity Sets
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Figure 2: Illustration of Conditional Probability Density Functions

Before beginning the theoretical analysis, it is worth discussing two issues regarding
the model. First, one may note that the first three risk ordering concepts will be in-
appropriate if there were no deposit insurance subsidy. A rational investor will never
choose a dominated risky asset in the sense of the first three cases unless there is a
subsidy for choosing a dominated asset.

The other important issue in choosing a risky asset is diversification. Suppose a bank
has a well-diversified portfolio, and it wants to take an additional risky asset among a
set of risky alternatives. In this case, it is the marginal or incremental risk — i.e., the
change in portfolio risk in response to the addition of the asset — rather than the stand-
alone risk of the individual asset that the bank considers as a selection criterion. Even
if a risky alternative asset is dominated by the other alternative, it still can be chosen if

the correlation of the asset with the existing portfolio is significantly low and thus the
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marginal risk of the asset is smaller compared to the other assets. In this two period
model of asset choice, stand—alone and marginal risks are assumed to be identical, and

I abstract away from the issue of diversification in the analysis.

3.3 Probability of Failure

A bank fails if the value of its liabilities exceeds the value of its assets at date 1. A bank

fails at date 1 if:

Dy >(D+K)r,orr < 2z =17,

Since the endowment of capital, K, is nonnegative, rf is bounded by zero and %l, ie.,
rf € (0, %1 .

The probability of bank failure is defined as:

rf c
P(K,a) = /0 f(r| a)dr = / f(z)dz = F(C) (7)

where a = —5%‘;—; and ¢ = 1:;(‘;—(5“—)

The effect of a capital increase on the probability of failure can be decomposed into

two parts:

OP(K,0) _dP 0P ba :
0K ~ dK ' 0a 0K (®)

The first part (%) is the buffer effect of capital on the probability of failure. The
second part is a combination of the asset choice effect on the probability of failure (%;P)
and the asset substitution effect of capital (%‘:—,), i.e, the effect of a capital increase on

asset choice. The following propositions formally state these effects.

Proposition 1 Given the value of the risk parameter a, the probability of failure is a

decreasing function of capital, K.
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proof = f(o)i% = %93%—)7 <0. m

This intuitively shows the buffer effect of capital, i.e. larger capital absorbs more
risk. The buffer effect implies that bank safety increases with capital. Since I am
assuming deposits (D) and promised repayments to depositors (D,) are fixed, more

capital increases the probability of bank solvency.

Proposition 2 The probability of failure is a non-decreasing function of risk parameter
a under the following conditions:
(i) u'(a) <0 and o'(a) > 0, or

i) p'(a) >0, o'(a) >0, & (4e)y = Eo9s 0 gnd rf < p(a)(l — £).
da a(a) a €

( ) o)

proof. 8P(Ka) c)——,ﬁ——"” Tl b

Since p(a) > %1 >rf = D—Ii%, it is easy to verify that the sign of the above expression
is non-negative if p’(a) < 0 and o'(a) > 0. For the second case, since I am assuming

Wo—a'p <0, it is positive if and only if rf < ”—%““—‘1 =pla)(l1-%). =

€o

The implication of Proposition 2 is that the probability of failure increases with asset
risk for all possible values of capital in the first case. For the second case, however, it
can increase or decrease with asset risk depending on bank capitalization. If the bank is
well-capitalized in the sense that r/ is smaller than u(a)(1 - &) for arbitrary a € [0, 1],
then it increases with asset risk. If the bank is poorly—capitalized in the sense that
r’ > p(a)(1- Ef), then it can actually decrease with asset risk. It shows that when the
second case represents appropriately the characteristics of asset return, the riskiness of
an asset is not an inherent property of the asset: It can be defined only in conjunction

with bank’s capitalization.
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For the remaining analysis of the paper, I assume that the condition, rf < pu(a)(1 -
f‘j), always holds. This assumption practically implies that one of the two following
conditions holds. (1) The bank has large enough capital so that v/ < p(a)(1 - =)
holds for any possible values of a,¢,, and €,. (2) €, is much greater than €, so that
rf < pla)(1 - -ﬂ) holds for any possible values of a and K. If the ratio 2 is close to
zero, then the condition rf < u(a)(1 - f‘:—) will always hold, because 7/ is bounded above

by %, which is no greater than p(a). Formally I assume the following.

Assumption 2 The critical interest factor, rf is less than p(a)(1 — E‘;—) for all a.

3.4 Equity Value and Option Value of Deposit Insurance

At date t = 0, the bank invests capital, K, and deposits, D, in risky assets. The expected

value of bank equity at t =1 is:

V(a):/or Of(r|a)dr+/r[(D+K)r—D1]f(r|a)dr
/[D+K (u(a) + o(a)z) — Dy]f(z)dzx
/[D+K )+ o(a)z) — Dy]f(z) dr—/[D+K u(a) + o(a)z) — D) f(z)dz

= [(D+ K)u(@) = Dil + DiF(©) ~ (D + K) [ lu(@) +ola)elf(@dz] ()

a=1 . F— 0 _r,—u(a)
wherea—-—ﬂ(a—l-%,b ——(—)landc——w.

The first bracket in the last line of equation (9) is the expected return on the invest-
ment net of payments to depositors (NER) and the second bracket corresponds to the op-
tion value(OV) of deposit insurance as described by Merton (1977). This term is positive
by definition because it represents a bankruptcy state where D; > (D+K)[u(a)+o(a)z].

By guaranteeing the promised payment of D;, the deposit insurance system has issued
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a put option on the assets of the bank that gives the bank the right to sell those assets
for D, dollars at date 1. If OV is the value to the bank of the deposit insurance at date
1, then

OV = max|0, (D + K)[u(a) + o(a)z] — D] (10)

If Dy > (D+K)[u(a)+0(a)z], the deposit insurance system should pay the difference
D, — (D + K)[u(a) + o(a)z]. This is the cost of the deposit insurance system when the
bank fails. The expected value of this cost is exactly the second bracket of equation (9).

Regarding the option value, two important observations should be noted. First,
because of the option value of deposit insurance, the shareholder is willing to invest even
in a project that has negative expected net present value (NPV). If a bank is allowed
to exploit the option value without any regulatory restraints, then the equilibrium in a
perfect capital market requires that the bank shareholder earns only the risk-free rate
of return. In other words, equilibrium requires that:

V(@)= K = (D+ Ku(a) = Dy = [ (D + K)(u(@) + o(a)2) - Dilf(a)ds — K7

= (D + K)luta) = 1+ [ (D1 = (D+ K)ula) + o(a)e)](@)dz =0
(11)
The first term is the excess expected return of the asset over the risk free interest
factor and the second term is the option value. As one has seen, the second term
is positive by definition. Therefore the first term must be negative for the equation to
hold. Under the deposit insurance subsidy and without any regulatory constraints, bank

shareholders want to see the bank assets invested even in negative NPV projects.?! In

21This point has been noted elsewhere. For example, Gavish and Kalay (1983), in discussing the
asset substitution effect in the firm, note that the firm is more likely to accept projects with negative
net present value, the higher the leverage ratio is. Barnea, Haugen and Senbet (1985) also note that,
under certain conditions, risk shifts benefit managers and stockholders against debt holders even when
a negative net present value project is adopted.
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reality, however, the tendency to invest in negative NPV projects is limited by the fact
that the FDIC imposes various regulatory constraints (on- and off-site examinations,
capital regulation, etc.) on banks’ risk-taking behavior.?? For analytical purposes, it is
assumed in this paper that the bank can invest only in nonnegative NPV projects.
Second, the option value is a decreasing function of capital. To see this, differentiate

the option value with respect to capital:

B0V (K -D ¢
OO =Duf() s = [+ 001 (@)a
rf—u =D,
—(D+K)(/.t+¢7 p )f(C)O(D+K)2
- /c(# +0z)f(z)dz < 0 (12)

Note that the first and third terms cancel out since r/ = D—Z?. The last inequality
follows from the fact that X is bounded below by a = —£.

Thus, a bank endowed with a larger capital stock will be less inclined to exploit the
option value of deposit insurance. In fact, the expected cost of the deposit insurance
system (OV) decreases as the capital stock increases: A bank with more capital is less
likely to fail, and if it fails, it imposes smaller losses on the deposit insurance system. If
we further assume that the bank is allowed to choose its capital level, then the option
value maximizing bank will have an infinite level of leverage, or a zero capital to asset
ratio. (See Furlong and Keeley, 1989; Keeley and Furlong, 1990 for this argument.)
This gives one rationale for the capital adequacy requirements: By requiring a bank to

keep a minimum capital ratio, the regulator can limit the expected cost of the deposit

insurance system.

22The coexistence of underpriced deposit insurance and regulatory constraints are explained by Buser,
Chen and Kane (1981). They argue that the FDIC intentionally sets the premium (explicit premium)
below the fair value to induce banks to purchase insurance, and charges regulatory restrictions as an
additional implicit premium to reduce moral hazard problem.
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4 Theoretical Analysis

This section investigates the effect of capitalization on bank’s optimal asset risk by
three different economic agents: deposit insurer, shareholder and manager. These are
the agents who are actually involved in determining asset risk of a bank. The shareholder
participates by monitoring (Shleifer and Vishny, 1986) or control challenge (Fluck, 1999),
the manager operates the bank, and the deposit insurer imposes regulatory restraints.
The objective of each economic agent is stated, optimal risk corresponding this objective
is drawn, and the effect of capitalization on optimal risk is analyzed. Finally, a complete
model of risk determination is examined and comparative static analyses are provided.
It is demonstrated that the different incentives for these agents cause a different effect

of capitalization on bank’s risk.

4.1 Optimal Asset Risk of the Deposit Insurer

The deposit insurer is most interested in protecting the deposit insurance fund, which can
be achieved by minimizing the option value of deposit insurance. The deposit insurer’s

problem is given by:

minOV(a) = - [ (D + K)(u(@) +o(a)z) - Dl (a)dz

- DP9 - (D+K) [ “lu(a) + o(a)z]f (z)dz (13)

The expression shows that option value is a function of the probability of failure ( F(c))

and the expectation in state of bankruptcy, [‘[u(a) + o(a)z]f(z)dz.
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The first order condition can be obtained by applying Leibnitz’s rule;

80V (a)

ova =258 (D + K) [ Wie)+ (@)l f )iz

(D + KW (a)F(0) + o'(a) / " 2f(z)dz) (14)

a

Note that the effect of @ on ¢ = —;(‘(‘)——(55’-1 cancels out because

Duf(0)2E ~ (D + K)u(e) + ()~ a)]]f( yor

=D, - (D+K)D+—1K]f(6)% =0.

4.1.1 Traditional Mean-Variance Ordering( y'(a) < 0 and ¢'(a) > 0)

Since the mean value of the random variable X is zero and ¢ = iﬂﬁ < 0, the sign of
the expectation, [ zf(z)dxr, is negative. Thus the sign of equation (14) is nonnegative
for all values of capital, K. Therefore the option value minimizing deposit insurer prefers
the least risky asset possible when properties of asset returns are characterized by FSD,
MSD or SSD. Intuitively, since the probability of failure increases and mean return
decreases with risk parameter in all these cases, the deposit insurer has no incentive to
prefer positive level of optimal risk, a?, where superscript d indicates the optimal risk

of deposit insurer.

4.1.2 Higher-Risk Higher-Return( ¢'(a) > 0 and ¢’(a) > 0)

Assuming the second order condition for an interior solution is satisfied (see Appendix

1), a® can be obtained by setting OV, equal to be zero, which is implicitly given by:

) d
W(a®)F(c) +U'(ad)/a zf(z)dz = p'(a®) + o'(a )f J;{((S) :
=y () +0'(a)E(x|z<c)=0 (15)
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This shows the trade-off that the deposit insurer considers in determining the optimal
level of a. The deposit insurer will choose a“ such that the marginal increase in mean
return be equalized with the marginal increase in asset risk weighted by the conditional
expectation in state of bankruptcy?. (Note that the conditional expectation has a
negative sign.) Therefore there exists an optimal level of o which minimize the option

value of deposit insurance.

4.1.3 Comparative Static Analysis: The Effect of Capital on o?

The following proposition characterizes the changes in the deposit insurer’s risk toler-

ances in response to the change in capital level.

Proposition 3 Suppose return properties are characterized in such a way that a higher

risk is associated with a higher mean return( p'(a) > 0, o’(a) > 0, and ﬁ(%) =

‘L';;'L'E < 0). Also assume that Assumption 2( rf < pla®)(1 - fl-)) holds. Then the

7
o

d

optimal asset risk of deposit insurer, a®, increases with capital.

proof. Totally differentiating the first order condition (FOC) gives,

do'(K) 2o
dK _"'a;ov (16)

Assuming that the second order condition (SOC) for an interior optimum is satisfied

(see Appendix 1), the denominator on the right-hand side of (16) is positive. Thus the

23In other words, it is the average size of the realized value of random variable X when the bank
goes to bankruptcy. This quantity is also called expected shortfall, or tail conditional expectation. (See
Jorion, 2001, p. 97.)
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sign of (16) is determined by the sign of the nominator.

d
o) = - [Wat + el flaia
- (D + K + o) D oD
_ (e9o(a?) + (@0 - ula) 0 -

o(ad) o
Note that — [ [1'(a?) + o'(a®)z] f(z)dz = 0 from the first order condition. The sign of

the above expression is negative if 7/ < p(a?)(1 — ). Therefore di;(-{& >0. =

For an intuitive interpretation of Proposition 3, we need to go back to the de-
posit insurer’s minimization problem. To minimize the option value, the deposit in-
surer wants to minimize the probability of failure, D, F'(c), and to maximize the partial
expectation, (D + K) [[u(a) + o(a)z]f(x)dz. At a®, the deposit insurer achieves the
minimum by balancing the trade-off between the two. An increase in capital, however,
makes the existing a? sub-optimal by decreasing the probability of failure (buffer effect
of capital) and changing the partial expectation. Therefore there arises a need to read-
just the risk parameter to a new optimal level.

When 7/ < p(a?)(1 — &), an increase in a increases both the probability of failure
(Proposition 2) and the partial expectation.? If there were no change in capital, an
increase in a > a? would make the deposit insurer worse off by raising the probabil-
ity of failure more than the partial expectation. When there is an increase in capital,

however, the buffer effect of capital (partly) offsets the effect of an increase in a on the

ZDifferentiating the partial expectation with respect to a gives;

(D+K)[p’(a)F(c)+a'(a)/sz(z)dzm(mx)(p(a)+a(a)”6‘(—c’:)” ] 0+ Dy f(c )— >0.

The "zero” is from the FOC and the inequality follows from the results in the proof of the Proposition
3.
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probability of failure. Therefore, it is better off for the deposit insurer to increase the

partial expectation by moving to a¥VEW) > od(OLD),

4.2 Optimal Asset Risk of the Shareholder

I assume a risk neutral bank shareholder (the owner-manager) who wants to maximize
the market value of bank equity. The use of value maximization as the decision-maker’s
objective ignores the potential conflicts of interests between the shareholder and the
manager, and thereby abstracts from the issues of the managerial moral hazard and risk
sharing which are the key issues of the traditional principal-agent theories. It does allow
us, however, to focus on the asset substitution moral hazard under deposit insurance.
Since the endowment of capital, K, and deposit level, D, are assumed to be fixed, the
objective of the shareholder is to choose a risky asset to maximize the equity value.
I am interested in how the shareholder’s preferred risky asset changes as the level of
endowment, K, changes.

The shareholder’s problem is to choose the optimal level of risk parameter, a®, to

maximize the expected value of bank equity:
b
maxV(@) = [ 1D+ K)(u(@) + o(a)z) - Dif )iz (18)

The first order condition of the above problem with respect to « is:

oV (a)

b
Vo= Tt = 0+ K) [ W(a) + (@l fla)ie (19)

Note that the effect of a on ¢ = '—It—:(%ﬂl cancels out as before.
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4.2.1 Constant Variance FSD( y'(a) < 0 and ¢’(a) = 0)

In this case the sign of equation (19) is negative, and the objective function V(a) achieves
its global maximum at o = 0. If risky alternatives can be ordered in the sense of first
order stochastic dominance, then the risk-neutral equity-value maximizing bank share-
holder will always choose the least risky asset ( @® = 0) regardless of bank capitalization.
Therefore, there does not exist incongruity in preference over risky asset choice between
the deposit insurer and the bank shareholder. In this case, no regulation is needed to
induce the bank to choose less risky asset, because the bank itself is inclined to choose

it.

4.2.2 MPS( y'(a) =0 and ¢'(a) > 0)

Since the objective function V(«) is maximized at o® = 1, the risk-neutral equity-
value maximizing bank shareholder always prefers the riskiest asset regardless of hank
capitalization. If the bank’s opportunity set includes risky assets that have the same
expected returns, the choice of risky asset completely depends on the option value of
the deposit insurance. One may know from equation (14) that option value increases
monotonically with a if y'(a) < 0 and ¢'(a) > 0.

In general, a risk neutral agent is indifferent between risky assets if the expected
returns are the same. However, under the deposit insurance system, the risk neutral
shareholder strictly prefers the riskier asset, because the riskier asset gives the higher
option value. This is the moral hazard problem inherent in the deposit insurance system.
Since there exists incongruity in preference over risky asset choice between the deposit

insurer and the bank shareholder, some kind of regulation is needed to remedy this moral
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hazard problem. However, it cannot be any type of capital regulation, because the bank’s
asset choice is not affected by its capital level. The capital adequacy regulation would

not succeed in reducing the incentives for the bank to take excessive risks.

4.2.3 Strict Mean-Variance Ordering( p/'(a) < 0 and o'(a) > 0)

An interior solution exists in this case, assuming the second order condition is satisfied

(see Appendix 2). From equation (19), the optimal level of « is implicitly given by:

[ zf(z)dz

b
W (@)1 - F(o)] +0'(a”) / =f(@)dz = o) + o (@) Ty

=p(a®)+d'(@®)E(z|z>c)=0 (20)

The shareholder will choose a® such that the marginal increase in mean return be equal-
ized with the marginal increase in asset risk weighted by the conditional expectation in
state of solvency.

We have seen that bank equity value can be decomposgd into two parts: expected
return from the investment project net of payment to depositors (NER) and option value
of deposit insurance (OV). When choosing risky assets, the shareholder considers both
parts and chooses the asset that maximizes the sum of these two parts. In other words,
the shareholder faces a trade-off in determining the optimal level of a. By increasing a,
the shareholder can increase the insurance subsidy, but at the same time he decreases
the mean return from the investment. Therefore there exists an optimal level of a which
maximizes the equity value of the bank. The existence of an interior a® highlights the
moral hazard problem under deposit insurance. It shows that even the second order
stochastically dominated asset can be pursued by bank shareholder. Without the de-

posit insurance subsidy, the second order stochastically dominated asset will never be
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chosen by risk neutral agents.

4.2.4 Higher-Risk Higher-Return( p/(a) > 0 and ¢'(a) > 0)

In this case, Equation (19) is positive for all values of capital. This means that the
risk-neutral equity-value maximizing bank shareholder will choose the maximum pos-
sible value of risk parameter ( a® = 1) regardless of bank capitalization. One cannot
demonstrate a relationship between bank’s capitalization and its risk-taking behavior
toward higher-risk higher-return investment alternative. The bank prefers a higher-risk

higher-return asset in all events as far as the shareholder’s objective is concerned.

4.2.5 Comparative Static Analysis: The Effect of Capital on «°

The following proposition states how the shareholder changes a® in response to the
change in capital level. It is a direct application of Green and Talmor (1986)’s Proposi-

tion 1 into our model.

Proposition 4 Suppose return properties are characterized by strict mean-variance or-
dering ( p'(a) < 0 and o'(a) > 0). Then the shareholder monotonically decrease the

risk of the bank ( %’Q < 0), as bank capitalization increases.

proof. Totally differentiating the FOC gives,

da*(K 'a2v
aK = T otv -
8a?

Assuming that the SOC for an interior optimum is satisfied, the denominator on the

right-hand side of (20) is negative. And the sign of the nominator is negative,
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s b
) = [[We) + o@alfaa

D+ K) () + o'(a") =Dy o =D

(@) )f(c);(m)
'(a® rf —u(a®) 1!
=a'(a’)(512aa;+( a(;ﬁ() )”;(C)<o, (21)

because I am assuming y/(a) < 0 and 0’(a) > 0 and rf — () < 0. Note that fcb[,u’(a’)+
o’(a®)z]f(z)dx = 0 from the first order condition. Combining these two factors gives a

negative sign for Equation (20). m

The result of the Proposition 4 has been well observed by several authors.?® In a
banking context, Furlong and Keeley (1989) and Keeley and Furlong (1990) argue that
“a more stringent capital regulation does not increase the incentives for insured banks
to increase asset risk.” However, Proposition 4 must be interpreted with caution. It
holds only under two conditions. First, that the shareholder’s objective is concerned
in determining optimal risk of the bank; and second that the risk-return profiles are
characterized by strict mean-variance ordering( g’ < 0 and o’ > 0).

An intuition of Proposition 4 is that the shareholder of a poorly capitalized bank
will prefer a riskier investment project than the shareholder of a well-capitalized bank.?®
Intuitively, poorly capitalized banks have little to lose by bankruptcy, so they want to
maximize the option value of deposit insurance by gambling in riskier assets. On the
other hand, the shareholder of a well-capitalized bank will prefer a less risky investment

project, because he has more to lose in case of bankruptcy than the poorly capitalized

25See Furlong and Keeley (1989), Keeley and Furlong (1990), Gavish and Kalay (1983), and Green
and Talmor (1986).

26This is consistent with Dewatripont and Tirole(1994 b)’s finding that very poorly capitalized banks
gamble in risky investments: “Shareholders favor risk,..., their bias toward risk is stronger, the lower
the bank’s solvency” (pp. 145-147).
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bank. The analysis suggests that capital regulation can serve as a major instrument
to align the risk preference of the bank with that of the deposit insurer. By enforcing
higher capital adequacy regulation, the deposit insurer can induce the bank to choose
safer assets that carry a smaller probability of failure.

Even though the theoretical prediction of Proposition 4 is well established, there are
two points that cast doubt on the validity of it. First, the banking literature provides
only mixed evidence on the relationship between bank capitalization and asset risk.
Most studies using market measure of risk ( Demsetz and Strahan, 1997; Hannan and
Hanweck, 1988; Keeley, 1990, among others) or using portfolio measure of risk (Berger,
1995, McManus and Rosen, 1991, among others) find a negative relationship between
the two. The negative relationship in these studies is so prevalent that some authors
call it an empirical regularity.

However, other empirical studies find little connection between capitalization and the
incidence of bank failure. For example, Santomero and Vinso (1977) find that increased
capital does not materially lower a bank’s failure risk. Peek and Rosengren (1997) find
that four-fifths of banks failing in New England during the 1980s and early 1990s were
classified by examiners as “well capitalized” before they failed. Sheldon (1995, 1996B),
based on the studies on banks in Switzerland and international banks, find that the level
of the capital ratio and the probability of failure are positively correlated, implying that
more highly capitalized banks are more likely to fail.

The second point that is contrary to the theoretical predictions of Proposition 4 is

that it has been often believed by academics as well as practical bankers?” that banks -

27For academic literature see Kahane (1977), Koehn and Santomero (1980), Kim and Santomero
(1988). For opinions of bankers, for example, William McDonough, vice chairman of First National
Bank of Chicago, concerning a Federal Reserve proposal to require banks to hold capital in connecting
with interest rate and contracts, is quoted as saying that ‘...the proposal could lead banks to take
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especially those banks that had to raise capital to meet higher capital standards — had
shifted their portfolio structure from low-risk assets toward high-risk, high-return assets
in order to compensate additional costs imposed by the more stringent capital standards.
Regulatory authorities were also worried about this possibility. The introduction of a
risk-related capital requirement — which was debated during 1980s and finally adopted
in Basle Capital Accord in 1988 — was a regulatory reaction to cope with the possible
adversary incentive problems caused by more stringent capital regulation. If the views
of the bankers and regulators cannot be considered as totally flawed, then one need
another theory regarding the relationship between asset risk and capitalization.

One of the reasons for the existing studies to fail to address the above two points
is that they have focused only on the case of the mean preserving spread (case 2) or of
the second order stochastic dominan(;e (case 3). They do not consider the case where
higher risk is associated with higher return (case 4). The other reason is that they do
not consider the fact that the bank is operated by a manager who may have different
interests than the shareholder. In other words, the existing studies have dealt with
the conflicts between shareholder and debtholder (deposit insurer), but not the conflicts
between shareholder and manager. The manager’s objective model is introduced to show
that a bank with larger capital may pursue higher-risk, higher-return assets, and thereby

partially or even fully offset the strengthened buffer effect of capital.

on riskier business to compensate for the lower returns they would almost assuredly get by having to
maintain more capital.’ (New York Times article on March 5 1987). (Recited from Furlong and Keeley,
1989, p. 883.) The studies by Furlong and Keeley (1989) and Keeley and Furlong (1990) were intended
to argue against both these academics and bankers. Reinicke (1995, pp. 134-181) also discusses this
issue.
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4.3 Optimal Risk of the Manager

4.3.1 A Discussion on Managerial Incentives

After the seminal work by Jensen and Meckling (1976), the contractual view of the firm?®
has been established as a major theory of the firm, where the firm is treated as a nexus
for a set of contracting relationships among individuals rather than as a personalized
entity maximizing profits. The key feature of the new theory is that it incorporates the
agency problem as an essential element. This raises the possibility that the manager’s
preferences over risky assets may be different from those of the shareholder.

The agency problem of the manager arises because the manager’s objective is to
maximize his private benefit rather than to take fiduciary duty for the shareholder or
to respect the debtholder’s (deposit insurer in this model) interests. As is indicated by
Dewatripont and Tirole (1994 b), the manager's preferences toward risk can be compli-
cated. The manager may be averse to risk in some circumstances and be risk seeking
other times.?

In literature, the manager has been considered to be more risk-averse than the share-
holder (for example, Amihud and Lev, 1981; Fama, 1980). The human capital of the
manager translates primarily into the wage compensation, bonuses, stock options and
perquisites which come from the employment with the firm. The risk associated with
these benefits is not only closely related to the firm’s risk but also firm specific and un-
diversifiable. Hence the manager behaves in a much more risk averse fashion to protect

his human capital than the shareholder in choosing risky projects.

28The contractual view of the firm traces back to Coase (1937), was established by Jensen and
Meckling (1976) and was further developed by Fama and Jensen (1983a,b)

PGorton and Rosen (1995) also differentiate two types of managers: good and bad managers. While
good managers choose safe loans and behave too conservatively, bad managers take excessively risky
loans.
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However, as Dewatripont and Tirole (1994 b) indicate, the manager may have several
reasons to favor increasing asset risk. The manager who values a low-pressure job of
selecting loans will devote less efforts to credit analysis and thereby increase the likeli-
hood of selecting bad loans. Or, it is possible that the manager’s human capital grows
faster when there are more complex assets involved. Obviously, riskier assets in general
require a better quality of management. The management of commercial loans or finan-
cial derivatives demands more attention than the purchase of Treasury bonds. Another
source of risk-seeking is the manager’s inclination toward growth (Jensen, 1986). Since
wage compensation, promotion and perquisites are related to growth of the firm, a man-
ager would like to invest in a very risky project which has negative net present value
rather than leave it uninvested.

Let B = B(a) denote managerial private interests and assume it is a function of the
risk parameter. Considering the above discussion, it is difficult to define a priori the spe-
cific functional form of B(a). It can be a monotonic decreasing function of a(B’(a) < 0)
if the manager is averse to risk, it can be a monotonic increasing function of a(B’(a) > 0)
if he is risk seeking. Alternatively it can also be a non-monotonic function of «, for ex-
ample, showing risk-seeking for low or moderate level of a and risk-averse for high level

of a.

4.3.2 A Model of Managerial Objective

To focus on the effect of capitalization on asset risk under the presence of managerial in-
centives to pursue private benefits, I abstract the normative theory of optimal contracts
between the shareholder and the manager, and of the optimal regulatory constraints

imposed by the regulatory authorities (including deposit insurer). Specifically, I assume
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that the monetary equivalent of the managerial private benefit is so small compared to
the amount of the investment asset ( K + D) that the distribution of final outcomes
between economic agents does not matter. Moreover, the manager’s choice of risk pa-
rameter ( a) is private information to the manager and managerial consumption of this
private benefit is observed also only by the manager. Otherwise other economic agents
can deduct the value of the choice of a from the observed value of private benefit, B(a).
The final outcomes from the investment assets are observable to all parties but as-
sumed to be nonverifiable.® Therefore both the manager’s action (choice of ) and
the outcomes from the action are not contractible. The only way that the shareholder
or regulators discipline the manager is to fire the manager when the outcomes are un-
satisfactory. For simplicity, | assume that they can fire the manager only if the bank
bankrupts.

Following Jensen and Meckling (1976) and Williams (1987), I assume that the man-
ager consumes all the private benefits after observing the outcome from the current
investments. This specification differs from the usual principal-agent models, in which
agents act privately for personal gain before observing their firm’s final outcomes. In
this setting, the manager considers a trade-off in choosing the optimal asset risk between
the increase in private benefits and the probability of loosing them due to bankruptcy.

One problem in applying the basic model developed in Section 3 is that the support
of the distribution for the LS family changes with «. This is a crucial problem when

agency problem is introduced. If the supports of the two distributions are different, then

30There are two different definitions on the nonverifiability of cash flows in literature. The first one,
costly state verification (Glae and Hellwig, 1982; Townsend, 1979 and others), assumes that profits are
completely unobservable unless a verification cost is paid. The other stream, represented by such authors
as Hart and Moore (1989, 1994, 1995), Bolton and Scharfstein (1990), and Fluck (1998), assumes that
profits are observable but not verifiable to outsiders and courts. The resulting optimal contracts are
very similar for the two approaches.
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the agency problem can be solved costlessly through forcing contracts. However, under
the assumption that the outcomes from the investment are nonverifiable, the changing
support is not a problem. An alternative way to avoid this problem is to assume a return
distribution that has full support regardless of a. For example, the normal distribution
has support from —oo to +o0o, and thus is not suffered from the problem of changing
support. By one way or another, I assume that the changing support is not a problem
in the analysis. Thus I continue to use the same notations for the analysis of managerial

incentives in determining optimal risk.

4.3.3 Manager’s Choice of Asset Risk

The manager’s maximization problem is to choose the optimal risk, a™, to maximize

the expected value of the private benefit of control;
max E(B / B(a)f(z)dz = Bla)[l — F(c)] (22)
a

where ¢ = %ﬂ The expected value of the private benefit is the amount of the private
benefit multiplied by the probability of solvency. Applying Leibnitz’s rule yields the first

order condition (FOC);

(B»=———-‘/B< Fla)dz — Ba) f(e)| =£I =l Z 1),

o2

o — o' —
o)1 - F(e)) - Ble) (o) L= 1)

(23)

Consider the following two specifications for managerial private benefits:

(1) Private benefit is a non-increasing function of risk( B’(a) < 0)

If the private benefit is a non-increasing function of o ( B’(a) < 0), the sign of the
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FOC will be negative in general. When the return distribution is characterized by the
first three cases ( w/'(a) < 0 and ¢’(a) > 0), it is immediately obvious that the sign of the
FOC is negative. For the last case ( 4'(a) >0, o'(a) >0, p'o — o'u < 0), it is negative
if r/ < p(@™)(1 - 2),Ya™ € [0,1]. In other words, a manager who does not benefit

from an increase in risk is generally expected to choose the lowest level of risk ( a™ = 0).

(2) Private benefit is an increasing function of risk( B'(a) > 0)

Assuming the second order condition (see Appendix 3) is satisfied, an interior solu-
tion ( @™ € (0,1)) will exist if the second term of the right hand side of the equation
(23) is positive. One may note that the sign of the second term is positive in the usual
cases: (i) p'(@) < 0 and o'(a) > 0, or (ii) p'(a) > 0, o'(a) > 0, o —0o'u < 0
and 1 < p(a™)(1 - 2).

The optimal level of asset risk is determined by F(B), = 0. The FOC shows the
trade-off that the manager considers in choosing the asset risk. The manager can in-
crease his private benefit by choosing a higher value of a. But it comes at a cost. By

increasing asset risk, the manager also increases the probability of failure, which lowers

the expected value of the private benefit.

(3) Comparative Static Analysis: The Effect of Capital on a™.
The following proposition states how the manager’s optimal risk ( @™) changes in

response to a change in capital level.

Proposition 5 Suppose the following assumptions hold.

(a) The managerial private benefit increases with a(B'(a) > 0);
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(b) the mean and variance of the return satisfy either

(i) W' (a) <0 and o’'(a) 2 0, or

(1) #'(a)>0, o'(a) >0, po—0o'pu<0, andrf < p(@™)(1 - 2);
(c) f'(c) < 0; and
(d) e > €, where eg = %((‘;? and €, = "—}(Z—))g

Then the manager increases the optimal asset risk in response to the marginal increase

of bank capital (“—;(-(’—Q >0).

proof. Totally differentiating the FOC gives,

m 8?

a0 T

Assuming that the SOC for an interior optimum is satisfied, the denominator on RHS

of (24) is negative. Thus the sign of (24) is determined by the sign of the nominator.

SE(B) _ _pyom el _=Di
8adK =-Bla )f(")a((D+K)2)

- B TG () - B e o
ity — Al (S — ’

- g B M@ + Bamy @ =51 - Zpamy (o)

- R B O Bamson - ) 29)

Since I am assuming f'(c) > 0, —p'c — o’(rf — p) > 0, B'(a), and €g > ¢,, the sign

of the expression is positive. Therefore, the sign of equation (24) is positive. m

It may be difficult to directly relate the result of the Proposition 5 into real world
predictions, because it crucially depends on several strong assumptions. The sign of f’(c)
depends on the shape of the PDF of the random variable X. The sign is more likely to be

positive if the PDF is bell shaped, unimodal, not extremely negatively skewed (skewed to
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the left). It has been widely accepted in modern portfolio theory that even if individual
asset returns are not exactly normal, the distribution of returns of a large portfolio will
resemble a normal distribution quite closely.3! Therefore, if the set of alternative risky
assets the manager considers is composed of diversified portfolios rather than individual
investment project, then it is very likely that the sign of f’(c) is positive. For a normal
distribution, it always holds that f’(c) > 0, because ¢ = ’I;(‘; ™.

Note also that assumption eg > ¢, is a sufficient condition for the result di;lﬁ{ﬂ >0
to hold. Therefore the result may still hold even if the assumption €g > €, does not
hold. Nonetheless it seems reasonable to assume eg > €, for Proposition 5. It requires
that the elasticity of the private benefit with respect to a is greater than the elasticity of
asset risk with respect to a. Intuitively, if the increase in asset risk caused by a marginal
increase in a, €,, is very large, then the resulting increase in the probability of failure
will also be large (Recall that aptg#z =f (c)[_"’;_g;('l—_“z] > 0if o’ > 0). Therefore the
manager who has a trade-off between increasing his private benefit and the probability
of failure would find it not optimal for him to increase the risk parameter « in response
to an increase in bank capital.

Proposition 5 provides the grounds for the argument that more capitalized bank in
fact may engage in higher-risk higher-return investment projects and thus have higher
probability of failure. This finding was obtained by combining the managerial incentive
to pursue private benefits and the risk characteristics representing higher-risk higher-
return assets. However, since the maintenance of Proposition 5 depends on several

parametric assumptions, the validity of it remains to be tested in an empirical study.

31The normality assumption is a little strong assumption for bank asset portfolio, where the asset
portfolio is in large part composed of loans. Bank loan returns are not normally distributed due to the
upper limit on loan prices that occurs when interest rates are zero. It is known that bank loan returns
are negatively skewed.
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4.4 A Complete Model of Risk Determination

I have discussed three differing incentives of three agents regarding the risk determination
of a bank. Since all three agents are involved in affecting the choice of asset risk, it is
necessary to develop a complete model of risk determination that encompass the differing
incentives of the three agents. The specific process of risk determination of each bank
will be different depending on the corporate governance mechanism which coordinate
the differing incentives.

In this paper, it is assumed that the three differing incentives are captured by a
single objective function ( U(a)) of a bank that is given by as a weighted average of
the value of bank equity V(a), managerial private benefit FE(B(a)), and regulatory
restraints OV (a). Specifically, suppose that the choice of a can be considered as the

solution to the following maximization problem;

max U(a) = wV(a) + 3E(B(a)) — pOV (a) (26)

a

where w is the relative weight placed on the value of bank equity, 3 is the relative
weight placed on managerial private benefit, and p is the relative weight placed on reg-
ulatory restraints. The regulatory restraints are captured here by the option value of
deposit insurance. Since the option value is the expected loss of deposit insurance fund
in case of bankruptcy, it seems reasonable to assume that the regulator imposes regula-
tory restraints according to the option value. The regulatory restraints are not enjoyed
by the bank, and thus expressed as a negative value. For the following analysis, the
parameters w, 3, p are all assumed to be strictly positive.

The parameters w, 3, p are assumed to be functions of various corporate governance

mechanisms such as managerial ownership share (Morck, Shleifer and Vishny, 1988),
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monitoring by board of directors (Adams, 2001; Adams and Mehran, 2002), monitor-
ing by large shareholders (Shleifer and Vishny, 1986), control challenge by dispersed
shareholders (Fluck, 1999), the managerial labor market (Fama, 1980), the threat of a
takeover (Jensen and Ruback, 1983; Scharfstein, 1988), and general regulatory policies
(Park, 1997). For example, w is an increasing function of managerial ownership share,
and 3 is a decreasing function of monitoring and takeover threat. The parameter p
may differ depending on bank capitalization. Banks with low capital are likely to be
subject to close supervisory surveillance from the bank regulator, because low capital
may indicate poor performance or higher default risk.

The parameters w and p capture the agency problem of the shareholder associated
with deposit insurance subsidy, and the parameter 3 captures the agency problem of
the manager. These agency problems will disappear when the value of weights are given
by w = p and 8 = 0. This is the case when the deposit insurance is fairly priced and
the manages’ incentives are perfectly aligned with those of the shareholders’. I consider
the optimal risk that will be achieved in this case as the socially optimal risk. Formally

I define as follows.

Definition 2 The socially optimal level of risk is defined as the one that will be obtained
when there do not erist agency problems. Specifically, it is the risk level that mazimizes

the ezpected value of the bank asset, which is (D + K)u(a).

According to the definition, the socially optimal asset risk is simply the one that
gives the highest level of mean return. For example, it is zero if x'(a) < 0 and one
if p/(a) > 0. It will be any a € [0,1] if p'(a) =0. (See Table 1.)

Assuming that the SOC for an interior optimum is satisfied, the optimal asset risk



of the bank ( a*) is implicitly given by the FOC;
Us =wV,+ BE(B)a — pOV, =0 (27)

where subscript a denotes the first derivative of the objective function with respect to a.
All the functions are evaluated at the optimal level of risk, a*. For notational simplicity,

the asterisk * is omitted in the subscript a. The SOC is given by
Usa = WVaa + BE(B)aa — POVaa < 0. (28)

The SOC is a complicated function of various parameters, and is not easy to verify.
For further analysis, I simply assume that the SOC is satisfied. One may note that the
SOC is automatically satisfied if all the SOCs for the individual agent’s maximization
problem are satisfied. I denote a* as the optimal risk of the bank, a? as the optimal risk
of the deposit insurer, o’ as optimal risk of the shareholder, and a™ as the optimal risk

of the manager.

4.4.1 Comparison of Optimal Asset Risk

Table 1 provides the summary of optimal asset risks of individual economic agents as
well as the joint outcome. Several points are immediately obvious from the table. First,
since the objective function of the bank is a linear combination of the objective functions
of individual agents, the optimal risk of the bank ( a*) must also be a linear combination
of the optimal risks of individual agents ( a?, a® and a™). The table shows that, except
for the case of FSD, the optimal risk of the bank is smaller than the optimal risk of the
shareholder ( a®). In fact, in most cases, it is the shareholder who wants the highest
level of risk among the three agents. The shareholder who benefits from the risk shifting

associated with the deposit insurance subsidy has an incentive to increase the risk level
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above the level that is optimal from the standpoint of the bank.

Second, the manager is generally more conservative in determining asset risk than
the shareholder. This is the case even when the manager’s private benefit is assumed
to increase with asset risk, as is shown in the table, cases 2 and 4. This finding is quite
consistent with the findings of other studies such as Hirshleifer and Thakor (1992),32 Hol-
strom and Ricart I Costa (1986)3° and Gorton and Rosen (1995)3* who find excessive
managerial conservatism in different contexts. The reason of the managerial conser-
vatism in our model is that the manager stands to lose his private benefit of control in
case of bankruptcy.

Third, it is shown in Table 1 that the deposit insurer prefers the least risky asset
among economic agents. In fact, in case 4, the optimal risk for the deposit insurer is
lower than the socially optimal risk (i.e. the risk level that will be obtained when there
dq not exist agency problems). This suggests that there may exist potential conflicts
among regulatory agencies.3® As is shown in case 2 and 4, while the deposit insurer
(FDIC) maintains the most conservative asset risk policy, other bank regulators who
stand from the viewpoint of social planner are less conservative in evaluating optimal

risk. The reason of this is that while the FDIC is primarily interested in minimizing the

32They show that in an unlevered firm, ceteris paribus, managerial reputation building can cause
excessive conservatism in investment policy relative to the shareholders’ optimum despite universal risk
neutrality and costless bankruptcy.

33They show that in the absence of an explicit contract, a risk-averse manager may not undertake
any investments because the returns from reputation with investment is a mean preserving spread of
the returns from reputation with no investment. The manager will be reluctant to take actions which
are informative about his ability and thereby expose him to risk.

341n their model, the risk averse manager shows excessively safe behavior, who stands to lose invested
wealth, firm-specific human capital, and the benefits associated with control in the event of bankruptcy.

35In U.S., there are three federal regulatory agencies together with state regulators. The three federal
agencies are Federal Reserve Bank (FRB), Office of the Comptroller of the Currency (OCC), and the
Federal Deposit Insurance Corporation (FDIC). Although the underlying philosophy of the three bank
regulatory agencies toward bank regulation is fundamentally the same, there have been differences
in actual policies and practices. These differences are largely attributable to variations in the main
functions of the agencies.
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Case 1: Case 2: Case 3: Case 4:
wW<0,0=0| f=00>0| o<0,06'>0| ¢ >0,0'>0
(FSD) (MPS) (SSD) po—odpu<0
Deposit Insurer a?=0 a?=0 a?=0 a? € 0,1
Shareholder a’=0 a*=1 a’ €[0,1] a*=1
Manager a™ =0 a™ =0 a™”=0 a™ =0
( B(a) <0)
Manager a™ € [0,1] a™ € [0,1] a™ € [0,1] a™ € [0,1]
( B'(a) > 0)
The bank ot =0 0<a*<1 | 0<e*<a’| 0<a*<1
(B'(a) <0)
The bank 0<a*<a™ 0<a*<1 0<a* < min[a?, o™
( B'(a) > 0) maz[a®,a™] <a*<1
Socially 0 Any a € [0,1] 0 1
optimal risk

Table 1: Comparison of Optimal Asset Risk

risk of loss to the deposit insurance fund, the other federal agency, for example the OCC,
is inclined to place emphasis on individual banks when setting regulatory constraints,

with an eye toward maintaining competitive, viable banking institutions.3®

4.4.2 Comparative Static Analysis: The Effect of w on a*

Using the FOC and SOC, the following propositions provide general comparative static

statements concerning the optimal asset risk.

360rgler and Wolkowits(1976) give a discussion on regulatory focuses and jurisdiction of three federal
agencies (pp. 65-66).
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Proposition 6 (1) The optimal asset risk of the bank ( a*) increases with the weight
placed on the value of bank equity ( da*/dw > 0) if one of the following conditions holds;
(a) W’ =0,0' >0 (MPS);
(b)) p' >0,0'>0and p'o—o'p<0;
(c) ' < 0,0’ >0 (SSD) and B'(a) <0;
(d) W' < 0,0’ >0 (SSD), B'(a) >0 and o < o’

(2) The optimal asset risk of the bank ( a*) decreases with the weight placed on the
value of bank equity( da*/dw < 0) if one of the following conditions holds;
(e) W' < 0,0’ =0 (FSD) and B'(a) > 0

(f) u' <0,0’ >0 (SSD), B'(a) >0 and a* > o®;
proof. Totally differentiating the FOC gives;
Vodw 4 wV,eda + E(B)odB + BE(B)aada — OV,dp — pOV,pda = 0
Rearranging and setting d3 = dp = 0 gives,

da* V.

dw WV + BE(B)aa — pOViaa

where V,, is given by

b
Vo=(D+K) [ W(a) + o (@)alf(a)iz

Assuming the SOC is satisfied, the sign of da*/dw depends on the sign of V.
i) Condition (a) or (b): It is obvious that V,, > 0 under these two conditions.
ii) Condition (c) or (d): Assume V,, < 0 (SOC for the maximization problem of the
shareholder), then V(a) achieves its maximum at V,(a®) = 0. Under one of these two

conditions, it holds that a* < a®. It follows that V, > 0.
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iii) Condition (e): The sign of V, is negative under FSD.
iv) Condition (f): V(a) achieves its maximum at V,(a®) = 0. Under this condition, it

holds that a* > a®. It follows that V, < 0. m

Proposition 6 specifies the conditions for the asset risk to increase or decrease with
the relative weight placed on the value of bank equity. As discussed in sub-section
3.2, Condition (e) is an improper risk-ordering concept for bank’s risk-taking behavior.
Therefore, unless Condition (f) characterizes the process of risk determination of a bank,
the optimal risk of the bank is generally expected to increase with the weight placed
on the value of bank equity. Under Conditions (a) to (d), the optimal risk of the
bank ( a*) is smaller than the optimal risk of the shareholder ( a®). Therefore, under
these conditions, a* is expected to increase toward a* as more weight is placed on the
shareholder’s interests in constructing the objective function of the bank.

One possible interpretation of w is managerial ownership share. According to the
convergence-of-interest hypothesis, the managers’ incentives will be the more likely to be
aligned to those of the shareholders as their ownership stake increases (Morck, Shleifer
and Vishny, 1988). A testing implication that follows is that the bank’s asset risk
increases with the managerial ownership share ( V, > 0), if one of the Conditions (a)
to (d) in Proposition 6 appropriately characterizes the risk-return profiles of a bank. I

expect these conditions generally hold for most of the banks.

4.4.3 Comparative Statistic Analysis: The Effect of Capital on a*

Proposition 7 (1) Suppose the effect of the weight placed on the value of bank equity is

dominant and the effects of the weights placed on the managerial private benefit and the
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option value are very small in the bank’s objective function. The optimal asset risk of the
bank ( a*) increases with capital if Vo > 0, and decreases with capital if Vox < 0. The
sign of Vi is indeterminate under Conditions (a) to (e) of Proposition 6, and negative
under Condition (f).

(2) Suppose the effect of B is dominant and the effects of w and p are very small in
the bank’s objective function. The optimal asset risk of the bank ( &*) increases with K
if E(B)ax > 0, and decreases with K if E(B)ox < 0. The sign of E(B)ak is positive
under the conditions listed in Proposition 5, and indeterminate if B'(a) < 0.

(8) Suppose the effect of p is dominant and the effects of w and B are very small in
the bank’s objective function. The optimal asset risk of the bank (a*) increases with K
if OVok < 0, and decreases with K if OV, > 0. The sign of OV, g is indeterminate

under Assumptions 1 and 2.
proof. Totally differentiating the FOC with respect to a and K gives;
wVoakdK + wVyeda + BE(B)akdK + 3E(B)aada — pPOVukdK — pOVypda = 0

Rearranging gives,

do*  wVek + BE(B)ok — pOVak

dK wVaa + ﬁE(B)aa — pOVoa

(1) The SOC implies that the sign of the denominator is negative. Thus, if 5 and p
are assumed to be very small, the sign of %‘}(—'depends on the sign of V,x. From the proof

of Proposition 4, it is shown that

rf —p(a) 7 f(c)
o(a) o

b
Vok = / (@) + o'(@)z]f()dz + ((a) + o'(a)

The sign of the second term of the right hand side (RHS) is negative in all cases. The

sign of the first term of RHS is positive under Conditions (a) to (e), and negative under



Condition (f). Therefore the sign of V,k is indeterminate under Conditions (a) to (e),
and negative under Condition (f).

(2) If w and B are assumed to be very small, the sign of %(' depends on the sign
of E(B)axk- From the proof of Proposition 5, it is shown that

o — o (rf — i
E(Blax = 3 oy pe B@ 5= 4 Basn - )

The sign of E(B)ak is positive if f’(c) > 0,, —p'oc—0o'(rf —p) > 0, B'(a) > 0and ¢, > €p.
It is indeterminate if B'(a) < 0.
(3) If w and p are assumed to be very small, the sign of ‘;—‘;} depends on the sign

of OV,k. In the proof of Proposition 3, it is shown that

¢ rf —p(a) rf f(c
OVa = = [ (a) + ()2l (@)ds - (u(@) + o'(a) — 42 L9

o(a) o
The sign of the second term of the right hand side (RHS) is negative in all cases. The
sign of the first term of the RHS is positive if y'(a) < 0 and ¢’(a) > 0. It is inde-
terminate if y'(a) > 0,0'(a) > 0 and 7/ < p(a™)(1 - f{j). Thus the sign of OV, is

indeterminate under Assumptions 1 and 2. ®

The terms V,, and E(B), can be interpreted as marginal gains to the agents from an
increase in a. Proposition 7-1 and 7-2 say that when the marginal gains increase with
capital ( Vox > 0, E(B)ak > 0), the bank is likely to increase optimal risk in response
to an increase in capital. This argument is quite interesting because it is contrary to the
prediction made by Proposition 4 which maintains that more capital does not induce
the bank to choose riskier assets as far as the shareholder’s incentives are concerned.
In fact, the prediction of Proposition 4 can be applied only under certain conditions

-y <0,0’ >0(SSD), B'(a) > 0 and a* > o’- and cannot be generalized to other cases.

57



The term OV, can be interpreted as the marginal increment in regulatory restraints
from an increase in a. Proposition 7-3 implies that the bank is likely to increase (de-
crease) optimal risk in response to an increase in capital if the marginal increment in
regulatory constraints decreases (increases) with capital. The sign of OV, cannot be
determined in our model. The most likely scenario, however, is that OV, k takes a
negative sign. Recognizing more capital increases bank safety, the bank regulator will
be willing to take more forbearing regulatory policies toward risk for banks with more
capital than for banks with less capital.

Proposition 7 is neither exhaustive nor conclusive in specifying the conditions that
are necessary to determine the sign of the effect of capital on bank’s optimal risk. It
only states that the effect of capital on bank’s risk can be either negative or positive
depending on the relative forces of various factors. However, it is enough to shed a
new light in solving two puzzles regarding the relationship between bank’s risk taking
behavior and capitalization.

First, the theory provides a model of bank’s risk determination which is consistent
with the mixed evidence documented in banking literature regarding the relationship
between capitalization and asset risk. The mixed evidence suggests that the predictions
of the existing theoretical works are incomplete. The mixed evidence, however, is con-
sistent with the model. Since the relative forces of various factors can be different from
bank to bank, it seems reasonable to expect mixed evidence depending on the sample
adopted in the empirical study.

Second, Proposition 7 provides the grounds for the argument that a more capital-
ized bank in fact may engage in higher-risk higher-return investment project, and thus

have higher probability of failure. This finding was obtained by constructing a complete
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model of risk determination where not only the shareholder’s moral hazard but also the
manager’s moral hazard problem are introduced. This situation could happen when
higher-risk higher-return ( ' > 0,0’ > 0) characteristics are combined with V¢ > 0
or E(B).x > 0. This finding is interesting because it does not rely on risk averse agents
(Kim and Santomero, 1988; Koehn and Santomero, 1980), or complicated loan cost
functions (Gennote and Pyle, 1990), nor regulatory constraints per se (Park, 1997).

A testable implication of Proposition 7-1 and 7-2 is that the relation between asset
risk and capitalization will be different depending on the managerial ownership share
( w). If managerial ownership share is small, then managerial incentives will domin'ate
in the process of risk determination. If, on the other hand, managerial ownership share
is very large, then the shareholder’s incentives dominate in the process of risk determi-
nation. I also expect that the marginal gains are affected differently by the increase of
capital. Both V,x and E(B),k can take either negative or positive sign. For example,
suppose Vox > 0 and E(B),x < 0. In this case, I expect a negative relationship be-
tween capitalization and risk when managerial ownership share is small, and a positive
relationship when managerial ownership share is large.

Proposition 7-3 also provides a testable implication. I expect the relative weight
placed on regulatory restraints, p, be larger for banks with low capital than those with
high capital. The regulatory authorities will impose stricter regulatory constraints for
banks with capitalization below the regulatory minimums. This suggests a possible
difference in risk-capitalization relationship between high- and low- capital banks. For

banks with low capital, I generally expect that bank risk decreases as capital decreases.
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5 Conclusion

This paper provides a theoretical framework to investigate the relationship between
banks’ capitalization and risk-taking behavior. The conventional wisdom is that rela-
tively well-capitalized banks are less inclined to increase asset risk, because the option
value of deposit insurance decreases as the capital to asset ratio increases. There are,
however, at least three shortcomings in the existing theories that cast doubt on the
validity of the conventional wisdom: (1) Existing studies have neglected the agency
problem arising from the separation of management and ownership. (2) Past studies do
not consider risk-return profiles in which higher risk is associated with higher return.
(3) Empirical studies on this issue provide only mixed evidence.

The aim of this paper is to shed new light on this issue by incorporating into a single
model the three different incentives of three agents — the bank regulator, the share-
holder, and the manager — regarding the risk level of a bank. Moreover, four distinct
assumptions on the characteristics of risk-return profiles are considered. By combining
these two factors, the model demonstrates that banks’ risk can either decrease or increase
with capitalization depending on the relative forces of the three agents in determining
asset risk and on various parametric assumptions about risk-return profiles.

Specifically, the major findings of the paper can be summarized as follows. First, it
is shown that the differing incentives of three agents result in differing optimal risk by
each agent. The deposit insurer who is interested in protecting the deposit insurance
fund has the most conservative policy toward risk-taking. The shareholder who benefits
from the risk shifting associated with the deposit insurance subsidy has an incentive to

increase the risk level beyond the level which is optimal from the standpoint of bank.
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The manager who stands to lose his private benefit of control in case of bankruptcy is
generally more conservative in determining asset risk than the shareholder. This find-
ing is quite consistent with the findings of other studies that find excessive managerial
conservatism in different contexts.

Second, it is shown that a bank’s risk can be either negatively or positively related to
capitalization depending on the relative forces of the three agents in determining asset
risk. The two variables considered in this paper to identify the relative forces of the
three agents are the capital-to—asset ratio and managerial ownership. It is presumed
that regulatory concerns are dominant factors in determining asset risk for banks with
low capital, because these banks are likely to be subject to close supervisory surveillance
from the bank regulator. Assuming that bank regulators will impose stricter regulatory
policies concerning risk for banks with less capital (OV,x < 0), it is predicted that bank
risk is positively related with capitalization for banks with low levels of capital.

Based on the convergence—of-interests hypothesis, managerial ownership is used as
the variable to differentiate the managerial incentives frém the shareholder’s incentives.
Accordingly, it is presumed that managerial incentives will dominate in the process of
risk determination for banks with low managerial ownership, and that shareholder’s
incentives will dominate for banks with high managerial ownership. However, the theo-
retical model does not provide a deterministic prediction whether the risk is positively
or negatively related with capitalization, because the marginal gains to the agents from
an increase in « can either increase or decrease with capital depending on various para-

metric assumptions.
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APPENDIX

1 The Second Order Condition (SOC) for the Deposit Insurer’s Problem

V d
———32(2%2 ) / D + K][u"(a®) + 0" (a%)z] f(z

— (D +K)(u(o%) + a'(ad)”; k) gL
~(D+ K)W' (@) + o"(a%) [ f(a)da)
(D + K (o (097009 + 0'(@)(r! = p(a®)))

a%(a?)

(A.1)

The signs of u”(a?) and of 0”(a?) can be either negative or positive, as they depend on
the specific trade-off between p and o exhibited by the bank’s investment opportunity
set (Green and Talmor, 1986). Note that the second order condition is trivially satisfied
if 4”(a?) < 0 and 0”(a?) > 0. The last conditions imply that the mean return increases

at a decreasing rate and the standard deviation increases at an increasing rate with a.

2 The Second Order Condition (SOC) for the Shareholder’s Problem

2
A / D+ K][W"(@*) + 0" (a)2)f (2

—(D+K)(4(a") +'(a")" ; o ik )

o2

b
= (D + K)i'(@*)[1 - F(0)] + 0" (a") / 2f(x)dz]

+ (D + K (o W) + 7 (@) — pla))?

o3(a®)

(A.2)

The condition imposes a restriction that at least one of the signs of u”(a*)and o”(a*)

must be negative.
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3 The Second Order Condition (SOC) for the Manager’s Maximization

Problem
PEB) _, — (e = p)
EB) a1 - F(0) - Blay sl L2 5= 1)
Yo — o' —
- Bla)f(e £ 02( 2
o — o' (rf —
- Bla)f /(| EL= T =
B L ) 2 )y

The SOC, —=5~ & E (B ) <0, depends on many factors and it is not easy to verify the satisfaction
of it. However, the condition trivially holds under the assumptions (i) x'(a) < 0, o'(a) >
0(Case 1-3), (ii) p'(a) > 0, o'(a) > 0, aa(a(a ) <0, and 7/ < p(a™)(1 — £)(Case
4), (iii) B'(a) > 0, and additional assumptions (iv) B”(a) < 0, that is, private benefit
increases at a decreasing rate with a, (v) f'(c) > 0, the slope of PDF is positive at ¢ =
%)31, and lastly (vi) —o(y"0 + o”(rf — p)) + 20’ (¢'o + o'(rf — u)) > 0, a condition

which is hard to interpret.
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CHAPTER1II

AN EMPIRICAL TEST ON THE RELATIONSHIP BETWEEN
BANKS’ RISK AND CAPITALIZATION

1. Introduction

The aim of this chapter is to provide an empirical investigation on the relationship
between banks’ capitalization and risk-taking behavior. Specifically, it provides an
empirical test for the theoretical analysis implemented in Chapter I. The theoretical
model has demonstrated that a bank’s risk can either decrease or increase with
capitalization depending on the relative forces of incentives of the three agents and on
various parametric assumptions about risk-return profiles.

The relationship between banks’ capitalization and risk-taking behavior has been
one of the important issues in banking literature because of its implications on regulatory
policies. Even though theoretical studies in favor of minimum capital regulation have
argued that relatively well-capitalized banks are less inclined to increase asset risk,
existing empirical studies on this issue have found only mixed evidence. While some
authors (Boyd & Graham, 1996; Frulong, 1988; Keeley, 1990; McManus & Rosen, 1991)
find a negative relationship between asset risk and capitalization, other authors (Peek &
Rosengren, 1997; Santomero & Vinso 1977; Sheldon, 1995, 1996B) find little connection
or a positive relationship between the two. The mixed evidence in existing studies is a
part of the motivation for the empirical study of this paper.

The empirical methodology adopted in this study is mostly distinguished from those

in other studies in that it allows for the interaction of the differing incentives of three agents
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involved in risk determination. Specifically, it introduces a piecewise linear specification
with respect to capital-to-asset ratio to differentiate the regulator’s incentives from those of
the other two agents: shareholder and the manager. It also introduces interaction terms
between capital ratio variables and managerial ownership variables to capture the differing
incentives of the shareholder and the manager.

The regression results provide evidence that is generally consistent with the
hypotheses posited in this study. For example, the apparent difference in the risk-
capitalization relationships across high and low capital banks strongly indicates the
presence of regulators’ incentives in determining asset risk for low-capital banks.
Moreover, the dynamics of the incentives of the shareholder and the manager is shown to
exist for high-capital banks. It is shown that the positive relationship between portfolio risk
and capitalization strengthens as the shareholder’s incentives gain more relative forces, and
weakens as the entrenched manager’s incentives gain more relative forces. However, I
failed to identify any negative relationship between portfolio risk and capitalization, which
other studies have found as an empirical regularity (for example McManus & Rosen,
1991). This may be due to the characteristics of the sample banks employed in this study. A
further investigation on this issue with a larger sample is warranted.

The composition of this paper is as follows. In Section 2 a discussion of the
literature regarding various measures of risk and their relation to capitalization is presented.
Testing hypotheses, variable description, and summary statistics are provided in Sections 3,
4 and 5 respectively. Sections 6, 7, and 8 detail regression results. Section 9 contains the

summary and conclusion to the paper.
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2. Various Measures of Bank Risk and Their Relation to
Capitalization: A Discussion of the Literature

In this section various measures of bank risk that widely appear in banking
literature are discussed. Since each measure of bank risk has its own characteristics and
limitations, no single measure provides a perfect measure of bank risk. Empirical studies
provide only mixed evidence on the relationship between capitalization and bank risk. It
will be made clear that the mixed evidence is not only due to differences in sample data
or sample periods for which the analysis is implemented, but also due to differences in

the risk measures adopted.

2.1 Market Measure of Equity Risk

The most popularly used measure of bank risk in empirical studies is the market
measure of equity risk, defined as the volatility of a bank’s stock return over a given
period'. Under the assumption of efficient markets, this would give a good measure of
bank risk, because all the relevant information about profitability and risk will be
reflected in the stock price.

One problem of equity risk is that it not only reflects the business risk of real
assets held by the bank but also reflects the financial risk associated with financial
leverage (inverse of capital-to-asset ratio). As the bank increases financial leverage, it

also increases the risk of its common stocks (Galai & Masulis, 1976, Hamada, 1972; Lev,

! Three different measures of equity risk are used in empirical studies. Total risk is the standard deviation
of the bank’s daily (weekly, monthly) returns. Systematic risk is the component of risk that is attributable to
market wide risk sources. Firm specific risk is the risk that is unique to an individual bank.

73



1974; Mandelker & Rhee, 1984). Intuitively, the higher the financial leverage, the larger
the volatility of the earnings residual accruing to shareholders, and hence, the higher the
financial risk of the common stock’. However the financial leverage does not affect the
risk of a bank’s asset. Therefore using equity risk as the dependant variable would give a
misleading estimate of the effect of capitalization on asset risk.

Due to this problem, no empirical studies have seriously attempted to investigate
the relationship between capitalization and bank risk as measured by equity risk. Some
authors, however, have used the capital-to-asset ratio as a control variable in regression
with equity risk as the dependent variable. For example, Demsetz and Strahan (1997) find
a strong negative relationship between capital-to-asset ratio and market measure of equity
risk. However, Saunders, Strock, and Travols (1990) find that capital-to-asset ratio is

generally insignificantly related to equity risk.

2.2 Standard Deviation of Asset Returns

To abstract from the financial risk, some authors have used the standard deviation
of return on assets (ROA) as a measure of bank risk. The standard deviation of ROA can
be calculated either from market or accounting data. One problem with using market data
is that the standard deviation of ROA is not directly observable. However, it can be

estimated using the Black-Scholes option pricing formula, which provides a theoretical

% For instance, “the systematic risk of equity (Bs) is greater than or equal to the systematic risk of the firm
(Bv) for By > 0", Galai & Masulis, 1976, p. 59.
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link between the observable equity return volatility and the unobservable asset return
volatility®.

Furlong (1988) and Sheldon (1996 a) estimate the standard deviation of ROA
using market data, and investigate the effect of the implementation of the more stringent
capital regulations* on bank risk as measured by the standard deviation of ROA. They
find little evidence that the implementation of the more stringent capital regulations (and
the resulting increases in capital-to-asset ratios) did increase the standard deviation of
ROA. This result is used as evidence for the argument that more capital does not increase
bank risk.

Boyd and Graham (1986) use book values to calculate the standard deviation of
ROA. It can be easily shown that the book value measure of standard deviation can be,
theoretically, either positively or negatively related to capitalization’. In an empirical test,
they find that the capital-to-asset ratio is negatively related to the standard deviation of

ROA, which is consistent with the results of Furlong (1988) and Sheldon (1996 a).

3 Specifically, a market measure of the standard deviation of ROA can be estimated by solving the
following two simultaneous equations:

E=AN(x)-DN(x-o ,JT) and ¢, =N(x)%<,‘,
where x.w , E = market value of bank equity, A = market value of bank asset, D =
o NT .

current book value of bank debt (i.e., the face value of debt at maturity discounted by the risk-free rate of
interest = Xe*), N(x) = the standard normal cumulative density function evaluated at x, In = natural
logarithm function, o, = the instantaneous standard deviation of the return on asset, og = the instantaneous
standard deviation of the return on equity, and T = time until the next audit of the bank’s assets, which is
setto T = /. Ronn and Verma (1973) give a detailed discussion of this issue.

4 They are the introduction of uniform capital standards during the first half of 1980s in the United States
and the implementation of the Basle Capital Accord of 1988.

5 Let’s denote r = rate of return on assets, r, = rate of return on assets before interest expense, / = rate of
return on debt. Then it holds that r = r, — /x (D/A), where A = asset and D = debt. It follows that o4 =c%
+ 0% x (D/A)? - 2 x (D/A) xcov(r,, /). It is obvious that 0% is a convex function of leverage ratio (D/A) so
that the observed relationship between the two variables could theoretically be positive or negative or both,
depending on the range of the data over which one tests (Boyd & Graham, 1986).
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Even though the standard deviation of ROA is the most popular measure of risk, it
is not free of shortcomings. For example, return on asset A has a smaller standard
deviation than that of asset B, but asset A can still be riskier than asset B in the sense of
first order or second order stochastic dominance®. Due to this shortcoming, empirical

studies have developed other measures of bank risk such as default risk and portfolio risk.
2.3 Measures of Default Risk: Probability of Failure

Default occurs when a party under a contract fails to perform its financial
obligations. Considering the importance of default risk (or credit risk)’, it is not
surprising that academics as well as industry have developed diverse measures of default
risk®. In banking literature, several authors (Boyd & Graham, 1986; Santomero & Vinso,
1977; Sheldon, 1996a, 1996b) have used the risk of ruin model to evaluate the default
risk of a banking institution and examine the relationship between bank risk and
capitalization.

There are several variants of the risk of ruin model’. At its most simple level, it is

considered that a bank failure has occurred when the (market) value of its assets (A) falls

¢ Suppose that return on asset A is narrowly dispersed on the support [0, 10], and return on asset B is
widely dispersed on the support [10, 100]. Obviously, asset B has greater standard deviation, but asset A is
riskier (in the sense of the first order stochastic dominance). (See Chaper I Section 3 for the discussion of
risk ordering concepts.)

7 Default risk and credit risk are used interchangeably in the market. However, “while default risk could
refer to any failure to perform under the contract, credit risk is more specific, referring to a financial
inability to pay” (Smithson, 1998, p. 403). Default “should not be interpreted as bankruptcy, because
creditors often forgive small shortfalls rather than bear larger bankruptcy costs or transfers to other
creditors” (Scott, 1981, p. 342).

8 Altman and Saunders (1998) provide a nice summary on the evolution of the literature on the default
(credit) risk measures. They identify various kinds of default risk measures such as (1) expert systems and
subjective analysis (2) accounting based credit-scoring models, (3) risk of ruin models, (4) term structure
derivation of probability of default, (5) capital market based mortality rate models, and (6) neural network
analysis.

% Scott (1981), and Santomero and Vinso (1977) discuss variants of risk of ruin models.
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below its debt obligations to outside creditors. In other words, a bank fails when losses
exceed capital (K). Then the probability of failure is calculated as;

Probability of failure = Probability (profits < — K).
Dividing both terms of the inequality in the parentheses by asset (A), the probability of
failure can be expressed as:

Probability of failure = Probability (ROA < - K/A),
where ROA denotes the rate of return on assets. Assuming the distribution of ROA
satisfies the location and scale parameter condition (see Definition 1 in Chapter I), the
probability of failure equals:

Probability of failure = Probability ((ROA - proa) / Oroa <Z) < 1/22Z2

Z=(-K/A - proa)/ ORrOA s
where proa is the expected value of ROA and oroa is the standard deviation of ROA.
The last inequality follows from Chebyshev’s inequality'’. It says that a bank fails if the
standardized ROA falls below Z. Note that lower Z-values indicate a lower probability of
failure. The absolute value of Z is an estimate of the number of standard deviation below
the mean that profits have to fall to make capital negative. In this sense, it is an indicator
of the probability of failure. Even though Z provides a simple measure of probability of
failure, it comes at the cost of predicting only an upper limit to the true probability of

failure.

' The variable Z should not be confused with Altman, Haldeman, and Narayanan (1977)’s Zeta score,
which is also a probability of default measure and is obtained by combining and weighing key accounting
variables. Altman et al.’s Zeta model, accounting based credit-scoring model, is the best known and most
commonly used.

' The Chebychev inequality is a theorem of probability theory that places an upper limit on the probability
that an arbitrary random variable will diverge from its mean by a given number of standard deviations. The
“1/2” in the expression reflects the fact that insolvency occurs only in one tail of the distribution.
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The variable Z, however, is an inappropriate risk measure to use in the
investigation of the relationship between bank risk and capitalization, because it directly
depends on the capitalization variable (K/A). Since Z is expressed as a monotone
decreasing function of capital-to-asset ratio (K/A), one can expect a negative correlation
between the two variables in empirical study. In fact, Boyd and Graham (1986), using
accounting data, find a strong negative relation between default risk measure (Z) and
capitalization, indicating that well capitalized banks have a smaller probability of failure
than undercapitalized banks.

On the other hand, other studies using different versions of Z find opposite
results. Sheldon (1995, 1996b) includes the overhead ratio in calculating Z'%, and finds,
using accounting data, that the level of capital-to-asset ratio and the probability of bank
default are positively correlated, implying that more highly capitalized banks are more
likely to fail. He interprets this result as indicating that a simple leverage ratio is a poor
guide for assessing the soundness of a bank. Santomero and Vinso (1977) extend the
simple risk of ruin model into a multi-period model where changes in capital (profit)
follow a Poisson process. They calculate the Z-value at the time the risk exposure obtains
its maximum. Using accounting data, they find that the impact of additional capital on Z
is negligible, implying that the increased capital does not materially lower a bank’s

failure risk.

12 7 is defined as (a— K/A — proa) / Oroa, Where a is the ratio of overhead (taxes plus expenses on
personnel, materials and office space) to total assets.
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2.4 Measure of Default Risk: Implicit Default Risk Implied by
CD Rates

Another way of calculating default risk is to impute implied probabilities of
default from the term structure of yield spreads between risk-free and risky corporate
securities. Hannan and Hanweck (1988) and Keeley (1990) have assumed that large (over
$100,000) certificates of deposits (CD), which are uninsured by deposit insurance,
contain a risk premium related to the bank’s default risk'>.

If the above prediction is correct, then banks with more capital to asset ratio
should have lower default probabilities and thus should have lower CD rates. In empirical
tests, both of the two studies find a strong negative relationship between CD rates and
capital-to-asset ratio. For example, Keeley finds that a one percentage point increase in a
bank’s capital-to-asset ratio would lower its CD rate by 14 basis points.

Even though the method and results of these studies are quite interesting, they
suffer from the same problem as the risk of ruin models. Since the negative relationship
between CD rates and capital-to-asset ratio is predominated by the buffer effect of capital
(i.e., more capital absorbs more risk: see Proposition 1 in Chapter I), it is difficult to get
an implication for the asset substitution effect of capital, i.e., the effect of capital
increases on asset choice. To investigate the asset substitution effect of capital, it is
necessary to develop a risk measure that is not directly affected by the capital-to-asset
ratio. Accounting based portfolio risk, which is a popularly used risk measure in banking

literature, serves this purpose.

'* Theoretically , “the relationship between CD rates and the likelihood of insolvency can be expressed as
(141)" = (1-p)'(1+1)™* + [1-(1-p) J(1-D)(1+19)",

where r is the one-period CD yield, p is the conditional one-period probability of default (assumed to be

constant over time), ry represents the risk-free rate, / is the expected loss per dollar of deposits in the event

of default, and t is the number of periods until maturity” (Hannan & Hanweck, 1988, p. 204).
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2.5 Portfolio Risk

Portfolio risk is defined as the proportion of risky assets in the banks’ portfolio.
Even though the proportion of certain risky assets in a bank’s portfolio may not exactly
reflect the overall asset risk of a bank, it may reflect project choice by bank managers and
thus in some degree the overall asset risk. For this reason, several authors (Berger, 1995;
Gorton & Rosen, 1995; McManus & Rosen, 1991) have used the composition of a bank’s
portfolio as a measure of asset risk. Popularly used portfolio risk measures include the
ratio of commercial and industrial (C&I) loans to total assets (C&L/TA), the ratio of risk-
weighted assets to total assets based on the Basle Accord risk-based capital guidelines
(RWA/TA), and the ratio of nonperforming assets to total assets (NPRF/TA).

It is known that C&I loans are riskier than the other categories of loans'*.
Empirical studies (Gorton & Rosen, 1995; Samolyk, 1994) find evidence that banks with
a higher proportion of C&I loans to assets have higher levels of nonperforming assets'’.
RWA/TA is considered to be a better ex-ante indicator of overall risk than C&L/TA.
While C&I/TA focuses on a specific portfolio item, Basle Accord guidelines group all
assets into different portfolio categories and assign different risk weights according to the
perceived riskiness of the portfolio categories. Unlike the other two variables — C&I/TA
and RWA/TA — NPRF/TA is an ex post measure of risk. The ex post measure depends

on luck and other factors as well as on ex ante risk. NPRF/TA may contain information

4 The major loans made by U.S. commercial bank lending activities can be segregated into four broad
categories. They are real estate, C&I, individual, and others. C&I loans includes credit to construct business
plants and equipment, loans for business operating expenses, and loans for other business uses. It is the
second largest loan category in dollar volume among the loan portfolio of U.S. commercial banks.

'* Nonperforming loans are those that are 90 days or more past due or not accruing interest.
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on risk differences between banks not caught by RWA/TA, and thus is used as a
complemenﬁw risk measure of RWA/TA.

Most empirical studies using portfolio risk find evidence that portfolio risk is
negatively related to capital-to-asset ratios. Berger (1995) finds that the capital-to-asset
ratio is negatively related to RWA/TA and NPRF/TA. Avery and Berger (1991) also find
some evidence that supports the conclusion that more capitalized banks tend to have
lower portfolio risks. McManus and Rosen (1991) also find similar results, but they find
that the negative relation between capital-to-asset ratio and portfolio risks is weaker for
banks with low capital - i.e., banks with capital-to-asset ratio below 7 percent — than for
banks with high capital. They suggest this may be due to the effects of regulatory
supervision.

The risk measure RWA/TA, however, is not free of flaws. The relative risk
weights assigned to calculate risk weighted assets considers only credit risk. They do not
take into account the other pillar of bank risk, i.e., market risk. On this score, the variable
RWA/TA provides only a partial measure of asset risk. Moreover, the relative weights
assigned to each portfolio category may not correspond with the actual risk involved.
Lastly, since there are only 4 kinds of relative weights (0, 20, 50 and 100 per cent), each
category of portfolio may consist of assets with varying levels of risk. For instance, all
commercial loans have the same weight (100 percent) re<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>