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Abstract

This paper develops a model of bank behavior that focuses on the interaction between

the incentives created by �xed rate deposit insurance and a bank's choice of its loan

portfolio and its portfolio of market-traded �nancial assets. The model is used to

analyze the consequences of adopting the Federal Reserve Board's proposed Pre-

Commitment Approach (PCA) for setting capital requirements for the market risks

of a bank's trading portfolio. Under the PCA, a bank sets its own market risk

capital requirement with the knowledge that it will face regulatory penalties should

its trading activities generate subsequent losses that exceed its market risk capital

pre-commitment.



The Pre-Commitment Approach: Using Incentives to Set Market Risk

Capital Requirements

1. Introduction

It is well-known that the provision of �xed-rate deposit insurance creates problems of

moral hazard and adverse selection that must be attenuated through supplementary

supervision and regulation. Prior to the implementation of the Basle Accord in 1992,

in the U.S., supplementary regulation in part took the form of uniform minimum

capital standards that were applied to all banks regardless of di�erences in their

risk pro�les. The task of limiting banks' risks and ensuring capital adequacy was

left to regulatory monitoring and direct supervision. The Basle Accord altered this

regulatory environment by establishing international minimum capital guidelines that

linked banks' capital requirements to their credit risk exposures. More recently, the

Basle Supervisory Committee (BSC) extended the 1988 Basle Accord to include risk-

based capital requirements for the market risks in bank trading accounts.1

At present, the BSC market risk capital standards consist of two alternative ap-

proaches for setting regulatory capital requirements for trading positions. One ap-

proach, the Standardized Approach (Basle (1993), revised FRB (July 1995a)), is a set

of rules that assign risk charges to speci�c instruments and specify how these charges

are to be aggregated into an overall market risk capital requirement. The second BSC

approach, the Internal Models Approach (Basle (April 1995), and FRB (July 1995a))

bases market risk capital charges on potential loss estimates generated by banks' in-

ternal risk measurement models. Under the internal models approach, a bank uses its

proprietary risk measurement models to estimate a measure of its trading account's

1It is common to decompose market risk into two components: general market risk and speci�c

market risk. General market risk is the risk that asset values will uctuate owing to broad-based

movements in securities prices and to changes in exchanges rates and commodity prices. Speci�c

market risk is the risk that asset value will uctuate owing to idiosyncratic developments. Market

risk capital standards have been proposed only for positions in the trading account and bank-wide

foreign exchange and commodity positions.
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market risk exposure. A general market risk regulatory capital requirement is set

according to a formula which includes the exposure estimate as the primary input.

There is also a separate capital charge for issuer-speci�c risk.2

The current BSC-approved standards for setting market risk capital requirements

have inherent weaknesses that reduce their appeal as for controlling banks' market

risk exposure.3 The Standardized Approach embodies risk measures that produce

inaccurate estimates of the risk exposures that bank portfolios generate for the bank

insurance fund (BIF). A system of capital requirements based on distorted risk mea-

sures can reduce economic e�ciency by distorting banks' investment decisions and

creating incentives for unproductive regulatory arbitrage activities. Although the

Internal Models Approach was designed in an attempt to improve the accuracy of

the Standardized Approach risk measures, because it extrapolates a long-horizon

exposure estimate from a bank's internally generated 1-day market risk exposure es-

timate, it also fails to accurately measure the market risk in bank trading accounts.

In particular, the Internal Models Approach methodology cannot account for a bank

management's subjective risk assessments that augment their model-based estimates

nor can it account for the material e�ects engendered by active risk management

in determining risk exposure over a relatively lengthy horizon. Moreover, accuracy

considerations require some method for validating each bank's internal risk exposure

estimate. Statistical model validation is inherently problematic (Kupiec (1995)). In-

deed, even under the most favorable conditions, there is a signi�cant probability that

regulators will be unable to detect poorly performing risk management models.

2The general market risk estimate must correspond to a loss that would be exceeded with less

than 1 percent probability over a 10-day horizon. Subject to regulator discretion, the Internal Models

Approach also provides for an increase in the capital requirement should a bank's model estimate

fail prescribed statistical veri�cation tests. The issuer-speci�c risk estimate may be based on bank

internal model estimates but must be at least 50 percent of that which would result from the use of

the standardized approach.
3For discussions on the BSC Standardized Approach, see Dimson and Marsh (1995), Kupiec and

O'Brien (1996b). Kupiec and O'Brien (1995a, 1995c, 1996a, 1996b) review and critique the Internal

Models Approach.
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In recognition of the weaknesses inherent in the BSC's market-risk capital stan-

dards, the Federal Reserve Board (July 1995b) requested public comment on an alter-

native approach, the so-called Pre-commitment Approach or PCA. The PCA would

require a bank to pre-commit to a maximum loss exposure for its trading account

positions over a �xed subsequent period. This maximum loss pre-commitment is the

bank's market risk capital charge. Should the bank incur trading losses that exceed

its capital commitment, it would be subject to penalties. Under the PCA, the bank's

maximum loss pre-commitment can reect the bank's internal risk assessments|

including formal model estimates and management's subjective judgments|as well

as management's assessments of its ability to manage its risks over the commitment

period. As a consequence, the PCA has the potential to remove the weaknesses inher-

ent in the existing market risk capital regulations. The PCA incorporates penalties

to provide banks with the incentive to commit capital consistent with their intended

market risk exposure and risk management capabilities.

Although the PCA can be viewed as an alternative way to utilize banks' internal

risk measurements in setting regulatory capital requirements, its design is markedly

di�erent from existing standards. The PCA attempts to supplant regulatory capital

requirements that are based on ex ante estimates of bank risk with a capital require-

ment that is set endogenously through the optimal resolution of an incentive contract

between the bank and its regulator. Under monetary penalties, it will be shown that

the PCA takes the form of a put option written on the bank's assets and issued to the

regulator (deposit insurer). Through the pre-commitment, the exercise price of this

put option is under the control of the bank's management. The value of the bank's

PCA liability will depend on the penalty rate set by the regulator, on the bank's

pre-commitment, and on its chosen risk exposure. While formal incentive mechanism

approaches to bank regulation have been discussed in the literature (e.g., John, John

and Senbet (1991), Chan, Greenbaum, and Thakor (1992), Giammarino, Lewis, and

Sappington (1993)), none of these have been formally considered by a bank regula-
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tory agency. This paper models the PCA and its incentive structure and analyzes its

e�cacy within a theoretical model of the banking �rm.

In the following sections, a model of bank behavior is developed under a �xed

rate deposit insurance (FRI) system. In this setting, the e�ects of a PCA market risk

capital requirement are formally analyzed under an incentive structure in which vio-

lating banks face contingent supplemental deposit insurance premium. The analysis

establishes conditions under which the PCA removes the moral hazard risks created

by FRI and aligns bank market risk-taking incentives with those of the BIF.

2. Bank Shareholder Value

The bank is assumed to make investment and �nancing decisions in period 1 so as to

maximize the net present value of its shareholders' claims on future bank cash ows.

On the asset side, the bank may choose to invest in 1-period risky non-traded loans,

risk-free discount bonds, and risky market-traded securities. Market-traded securities

are assumed to be zero net present value (NPV) investments so that their risk-adjusted

expected returns are equal to the risk-free rate. The total bank investment in risk-free

bonds and risky securities investments are denoted by T and M , respectively.

The end-of-period values of individual loans or risky security investments are

assumed to have lognormal distributions. Although not critical to the qualitative

results of the model, the log-normality assumption simpli�es valuations. Accordingly,

the end-of-period value of a generic investment i in a loan or risky security, ji1, is

given by,

ji1 = Vie
�i+s

>

i
z1 (1)

where Vi is the initial investment in the asset, �i is the expected rate of return (net

of any loan processing costs), si is a vector of volatilities (superscript > denotes

transpose) and z1 is a vector of independent standard normal shocks. The return
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variance is denoted by �2i = s>i si. The risk-adjusted present value of the investment,

ji0, is given by

ji0 = Vie
�i+

1

2
�2
i
��>si�r (2)

where � is a vector of the market prices of investment i's risk factors (non-systematic

risks have a zero price), and r is the 1-period risk-free rate.4 The bank's valuation

of asset i satis�es a standard absence of arbitrage pricing condition. The bank is

assumed to know the distributions of individual loan returns (expression (1)) and,

while loans are not market-traded assets, their values to the bank's shareholders are

assumed to be determined by expression (2). A single loan i, requires an investment

of Ii, and has a positive NPV (jLi0 � Ii > 0) if �Li +
1

2
�2Li � �>sLi � r > 0. A risky

market-traded securities portfolio requires an investment of M and has a zero NPV

(jM0 �M = 0) since �M + 1

2
�2M � �>sM � r = 0. For simplicity, risk-free rates are

assumed to be non-stochastic.5

The bank's loan investment opportunity set consists of all combinations of loans

the bank might make (i.e., all possible loan portfolios). Each member of the loan

opportunity set is characterized by four important characteristics (i) a required in-

vestment, (ii) a portfolio NPV, (iii) a vector of systematic (priced) risks, and (iv) a

vector of non-systematic risks. In general, all four characteristics will be important

quantities in the bank's optimization decision. This characterization of the loan in-

vestment opportunity set di�ers from that used in previous banking models where,

if positive NPV loan opportunities were included, the bank was assumed to choose

among loan portfolios in which NPV and risk were functionally related.6 Here, we do

not assume there exists a particular relationship between loan portfolio NPV and risk

4See Appendix for a formal derivation of (2).
5The model could be generalized to include stochastic interest rates. This would complicate the

pricing expressions without adding any additional insight into the issues of interest.
6Just a few of the many references include Gennotte and Pyle (1991), Campbell, Chan, and

Marino (1992), Chan, Greenbaum, and Thakor (1992), Besanko and Kanatas (1996).
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as there appears to be no economic basis for making such an assumption.7 Moreover,

loan portfolios must also be distinguished by the level of required investment if there

are costs associated with external �nance.

The bank �nances its investments with a combination of internal equity capital,

external equity �nance, and insured deposits. Internal equity, W , represents the

contribution of the initial shareholders. Outside equity �nancing, E, is assumed to

generate issuance costs of d0 � 0 per dollar of equity issued. Issuance costs include

normal transactions fees as well as any implicit asymmetric information costs that may

in part take the observable form of payments to auditors and a reputable underwriter

for certifying the value and risk of the issue.8

While deposits provide liquidity services, the model abstracts from modeling com-

plications associated with demandable deposits and treats these accounts as 1-period

discount bonds with an aggregate par value of B. As deposits are insured, their

required return is equal to the 1-period risk-free rate, r, less a charge for liquidity

services. It is assumed that the service charge earns the bank a pro�t of � per dollar

of deposits. It is convenient to assume that both the transactions account fees and

the bank's �xed rate deposit insurance premium payments, denoted by �B, are paid

at the beginning of the initial period. If the pro�t rate from deposits (�) is con-

stant and less than the insurance premium rate (�), it would be optimal for a bank

to attract unlimited deposits, invest them in risk-free securities, and make in�nite

risk-free pro�ts. Such opportunities are ruled out by the assumption that the bank's

maximum deposit base is �xed at B (par value), perhaps for geographical reasons.

In the model, short-selling of securities|including derivatives transactions that

create implicit short positions|is prohibited. The potential liabilities created by

7The only theoretically established relationship between a traded assets's risk characteristics and

its NPV comes from the absence of arbitrage condition. This relationship implies that, regardless

of its risk characteristics, a traded asset's NPV=0. As loans are non-traded assets, they need not

satisfy this condition.
8A natural source of asymmetric information arises when the bank's evaluation of its loans' risk

and return characteristics di�er from those of an outside investor.
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short positions are not insured. As a consequence, short positions expose a bank's

counterparties to default (credit) risk that must be priced into the contract or miti-

gated through collateralization arrangements. Collateralization arrangements require

estimates of risk exposures and may introduce signi�cant complications in the val-

uation of the deposit insurance guarantee. Alternatively, to correctly account for

the pricing e�ects engendered by credit risk, the complete speci�cation of both bank

and counterparty default conditions are required.9 Thus, the introduction of collat-

eralization agreements and the explicit pricing of credit risk exposures would add

signi�cant complications to the model without, we believe, altering the qualitative

results. To avoid these complications, the model excludes transactions that generate

payout commitments other than those to shareholders and insured depositors.

At the end of the �rst period, the bank's cash-ows from its loans, risky securities,

and risk-free bonds are used to payo� depositors. Shareholders receive any excess cash

ows and retain rights to the bank's franchise value, J . If cash ow is insu�cient to

meet depositors' claims (B), the bank may issue equity against its franchise value.

The bank's franchise value is treated as an asset of �xed value. However, equity

issued against J to �nance end-of-period cash ow shortfalls are assumed to generate

\distress issuance costs" of d1 � 0 per dollar of issuance. The bank cannot accept

new deposits before it satis�es its existing deposit liabilities.10 As with equity sales

in non-distress periods, distress issuance costs would include both transactions fees

9In reality, pricing credit risk is more complicated. If a model includes equity issuance costs

that arise in part from asymmetric information, then pricing contracts under the assumption that

defaulting states are known a priori by counterparties will lead to valuation inconsistencies. For

logical consistency, a model that assumes outside equity issuance is costly owing to asymmetric

information must also reect such costs in the pricing of credit risk exposures as the asymmetric

information problems of the bank's counterparties are analogous to those of its outside investors.
10If the bank is insolvent, the equity sales costs represent the cost absorbed by the deposit insurer

when it takes over the bank and sells its assets or seeks a merger partner. The assumption that the

bank is prohibited from accepting new deposits before it pays o� its existing deposit liabilities could

be relaxed if the deposit insurer was required to audit a cash-de�cient bank|charging the bank a

fair audit fee roughly equivalent to the distress issuance cost faced by the bank|and approve the

deposit roll-over funding only if the audit found that the franchise value covered the cash de�ciency

and audit costs.
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and costs for certifying the value of the issue.

Let L represent the set of individual loans in the bank's optimal loan portfolio.

Under these assumptions, the net present value of initial shareholder's claims is given

by,11

S = jL0 � I + e�rJ + �Be�r + PI � �Be�r

+
d1

1� d1
(PI � PD)�

d0

1� d0
E (3)

where E = max
n�
I + T +M + �Be�r � (1 + �)Be�r �W

�
; 0
o
;

and I =
X
8j2L

Ij; jL0 =
X
8j2L

jLj0:

The components of shareholder value follow: jL0 � I is the net present value

of the bank's loan portfolio; e�rJ is the present value of the bank's end-of-period

franchise value; Be�r� is deposit-generated fee income; and PI � �Be�r is the value

of the deposit insurance guarantee net of the premium paid. PI , the gross value

of the insurance guarantee, has a value equivalent to that of a simple European

put option written on the bank's total asset portfolio with a strike price of jd =

B�Ter� (1�d1)J .
12 This strike price is the cash ow value below which the bank's

shareholders �nd it optimal to default on the bank's deposit liabilities. For jd � 0,

PI � 0.

The second line in expression (3) captures the costs associated with outside equity

issuance. E is the �nancing gap that remains after deposits and inside equity are

exhausted by the bank's investments. Each dollar of external �nance requires that

1

1�d0
dollars of outside equity be raised as each dollar of outside equity generates d0 in

issuance costs. d1
1�d1

(PI � PD) is the initial value of the contingent liability generated

by end-of-period distress costs. The distress costs are proportional to the di�erence

11A derivation is given in the appendix.
12If the asset portfolio's value is lognormal, the option is valued using Black Scholes.
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between two simple put options, PI and PD, where both options are de�ned on the

underlying value of the bank's asset portfolio. PD is the value of a put option with

a strike price of jds = B � Ter, the threshold value below which the bank must raise

outside equity to avoid default. The strike prices of these options de�ne the range

of cash-ow realizations, (jd; jds), within which shareholders bear �nancial distress

costs.13 Distress costs reduce shareholder value since PI � PD.

3. Bank Shareholder Value Under the PCA

Under the PCA, the bank must establish its market risk pre-commitment. The bank's

pre-commitment is its market risk capital requirement and, in the absence of other

capital requirements, establishes the minimum required equity investment in the bank.

The bank will be assessed a penalty if its subsequent trading account losses exceed

its market risk pre-commitment.

In this model, the trading account is equivalent to the bank's risky market-traded

securities portfolio. Let CV represent the bank's pre-commitment. If the bank's

trading account activities subsequently generate a loss that exceeds CV , we assume

that the bank will pay an ex post deposit insurance premium of � per-dollar of excess

loss if it remains solvent. Formally, the contingent insurance premium is given by,

�max f(C � jM1); 0g; (4)

where C �M � CV ; CV � 0:

The parameter C sets a threshold level for the end-of-period value on the bank's risky

securities portfolio, jM1, below which there is an ex post premium obligation.

The imposition of the PCA alters the shareholder value equation. Under the

13 d1

1�d1
PD is the risk-adjusted present value of the distress costs the bank would face in the absence

of deposit insurance. Because of deposit insurance, bank shareholders will not have to bear distress

costs for portfolio value realizations less than jd, the default threshold. In default states, distress

costs transfer to the deposit insurer. d1

1�d1
PI appearing in the shareholder distress costs term credits

shareholders with the default portion of the distress costs.
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assumed penalty structure, the bank's shareholder value becomes14

S = jL0 � I + e�rJ +Be�r� + P
0

I � �PC � �Be�r

�
d0

1� d0
E +

d1

1� d1
(P

0

I � P
0

D) (5)

where P
0

I ��PC � �Be�r now represents the net value of the implicit deposit insur-

ance guarantee, and d1
1�d1

(P
0

I � P
0

D) is the net risk-adjusted present value of potential

distress costs under the PCA. Among its other e�ects, the PCA saddles bank share-

holders with a short position of � put options written on the value of the bank's risky

securities portfolio. This put option, PC , has a strike price C that is determined in

part by the magnitude of the bank's pre-commitment.

The PCA also alters the gross deposit insurance value (P
0

I) and the value of dis-

tress issuance costs d1
1�d1

(P
0

I � P
0

D). PCA increases the costs of �nancial distress by

increasing the likelihood that the bank will have to issue outside equity to avoid

default.15 O�-setting the higher distress cost is an implicit rebate on the contingent

pre-commitment penalty when the bank defaults. The o�set arises because the reg-

ulator cannot enforce the pre-commitment payment in insolvency states. This adds

value to the implicit deposit insurance option (P 0I > PI) compared to the baseline

case of � = 0 for which shareholder value takes the earlier form in expression (3).

Because the PCA penalty structure alters the form of the insurance and distress

cost options, these options no longer have simple put option payo� structures. Under

PCA, both P
0

I and P
0

D have payo� values that are determined by functions of multiple

stochastic processes. As such, they are exotic options whose valuations require the

use of numerical techniques. Explicit expressions for these option payo�s are derived

and valuation issues are concretely discussed in the appendix.

14A derivation of this expression is given in the appendix.
15A pre-commitment �ne increases the strike price of the distress cost put option.
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4. Shareholder Value Maximization

Under the assumptions of this model, the shareholder value function, S, must be

optimized using integer programming methods. The necessity of the programming

approach owes to the assumption that loans are discrete non-tradeable investments

with individualized risk and return characteristics.

Let jLk0 represent the risk-adjusted present value of loan portfolio k that can be

formed from the bank's loan investment opportunity set. The loan portfolio has a

required investment of Ik and an NPV equal to jLk0 � Ik. The bank shareholder

maximization problem can be written as,

maxS = e�rJ +max
8k

n
(jLk0 � Ik) + max fSNB(jLj )jLj=Lkg

o
(6)

where

SNB(jLj ) = P
0

I � �PC + (� � �)Be�r �
d0

1� d0
E +

d1

1� d1
(P

0

I � P
0

D)

and SNB(jLj )jLj=Lk indicates that the SNB function is to be evaluated conditional on

the loan portfolio Lk. The conditional value of the SNB function is maximized over

T;M;B;W;CV , and the risk characteristics of the market-traded securities portfolio

subject to the �nancing constraint

I + T +M �Be�r(1 + � � �)�W � E = 0

while imposing B 2 (0; B) and I; T;M;B;W;E;CV � 0, W + E � CV . Thus,

for each possible loan portfolio within the bank's loan opportunity set, the bank

maximizes the portfolio's associated SNB value by making the appropriate investment

choices for risk-free and risky securities, outside equity issuance, and inside capital

(or dividend pay-out policy). The bank chooses the loan portfolio for which the sum

of loan portfolio NPV and associated maximum SNB value is the greatest.

Under the assumptions of this model, even in the absence of PCA, optimal loan

investment decisions will in general depend not only on loan NPVs, but also on their
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risk exposure characteristics and their �nancing requirements. As a general rule, the

optimal loan portfolio|the loan portfolio that maximizes shareholder value|will not

include all positive NPV loans.

5. Bank Behavior with Perfect Access to Capital Markets

The bank optimization problem outlined in the prior section di�ers signi�cantly from

the marginal analysis approach used in many economic models. The lack of any

theoretical relationship between a loan's NPV and its risk characteristics prohibits

specializing the optimization program by formulating a marginal e�ciency of invest-

ment schedule. Further, any scheme for sorting among alternative loan portfolios will

depend on whether or not the bank is attempting to exploit the value of its deposit

insurance guarantee. A priori, even without equity issuance costs there is no unique

way to rank a bank's loan alternatives in order to simplify the analysis.16

The central importance of an individual bank's loan opportunity set is more clearly

identi�ed if the model is specialized to remove all capital market imperfections.17

In this section, a bank's optimal behavior under FRI and the consequences of the

PCA are analyzed under the assumptions that the bank has costless access to equity

�nancing, both in the initial period, d0 = 0, and in the case of �nancial distress,

d1 = 0. In addition, the bank is assumed to have unrestricted investment access to

risk-free and in�nitely risky market-traded securities. This special case is instructive

in that, even though the bank has unencumbered access to extreme market risk

strategies, its optimal decisions will depend on the NPV and risk characteristics of its

loan investment opportunity set. Moreover, the e�cacy of the PCA will also depend

16For example, a bank attempting to minimize its risk of default may rank loans by solving

something analogous to an e�cient frontier problem for loan portfolios; that is, for any level of loan

portfolio NPV, it would identify the set of loans that satisfy the NPV requirement with minimum

risk. In contrast, for a bank attempting to exploit its deposit insurance guarantee, the bank might

want to sort loans according to a mirror image algorithm: for each possible loan portfolio NPV,

choose the set of loans that achieves the NPV with maximum total risk.
17We maintain the assumption that loans are discrete non-traded assets.
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on the characteristics of the bank's loan investment opportunity set.

Proposition 1 If (i) equity issuance costs are zero (d0 = 0, d1 = 0); and the bank

has (ii) unrestricted access to risk-free bond investments; and (iii) unrestricted access

to zero-NPV securities with unbounded risk exposure; then the risk characteristics of

a bank's optimal investment strategy will depend on the bank's franchise value and the

characteristics of the bank's loan investment opportunity set.18

Proposition 1 establishes the central importance of the bank's loan opportunity

set in the design of bank regulatory policy. That is, without knowledge of the char-

acteristics of the bank's loan opportunity set, it is not possible to determine a priori

a bank's optimal risk exposure and thus the default risk the bank will create for

the BIF. The optimal risk pro�le of a bank will depend critically on the relationship

between NPV and risk that is inherent in a bank's individual loan opportunity set.

Because loans are non-tradeable, each bank will face a di�erent loan opportunity

set.19 Indeed, it is only when loans are redundant assets (from the bank's point of

view) that the characteristics of the loan opportunity set are not determinants of the

bank's optimal default risk exposure.

Corollary 1 Under the capital market access conditions of Proposition 1, if all loans

in a bank's investment opportunity set have NPV � 0, then a bank's optimal strategy

and risk pro�le are independent of the characteristics of its loan investment opportu-

nity set.

Under the conditions of Corollary 1, since the bank gets no shareholder value

from loans themselves, it will maximize shareholder value by maximizing its SNB

18All Propositions and Corollaries are proved in the Appendix.
19In reality, there is a burgeoning secondary market in bank loan portfolios. Such loan trading

does not invalidate the importance of an individual bank's loan origination investment opportunity

set for it is at the origination level that a bank will capture the economic value of a loan. Loans

traded on a competitive secondary market will by necessity trade at prices that ensure that they are

0 NPV investments.
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value. Assuming that the pro�ts from supplying deposit services net of the insurance

premium are positive, the proof of Corollary 1 shows that the bank will maximize

its SNB value by either choosing to be free of default risk or by undertaking a \go-

for-broke" high-risk strategy. The value of a bank's optimal risk-free strategy is

independent of the characteristics of the bank's loan opportunity set if and only if

its loan opportunities have NPV � 0. Similarly, when all bank loan opportunities

have NPV � 0, an optimal go-for-broke strategy will use only risky market-traded

securities to maximize the value of the deposit insurance guarantee. This corollary

highlights the importance of modeling loans as positive NPV investments. If loans do

not o�er banks positive NPV investment alternatives, then there is nothing special

about the bank lending function that will shape a bank's choice of its optimal risk

exposure pro�le.

Consider the implications of introducing the PCA when banks have perfect access

to capital markets.

Proposition 2 Under the conditions of Proposition 1, a PCA can only be e�ective

if a bank's loan investment opportunity set includes positive NPV loan opportunities.

Presuming that go-for-broke is a viable bank strategy, if the bank does not have

positive NPV loan opportunities, then a PCA cannot deter bank incentives to take

excess market risk. Absent positive NPV loan alternatives, a bank will either choose

to be free of default risk, or adopt an optimal go-for-broke strategy. Because a safe

bank will fully-collateralize its deposits with risk-free bonds, its deposit insurance is

valueless, and the bank has no incentive to take 0 NPV market risks. Moreover, if

a bank following a safe strategy did take market risk, the bank could costlessly pre-

commitM and avoid any pre-commitment penalty since, by assumption, it is costless

to raise equity capital. Hence a safe bank's contingent ex post penalty will always

be zero and the PCA will not a�ect its share value. Indeed under the conditions

of Proposition 1, no form of regulatory capital requirement will have an e�ect on
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the share value of a bank following a safe strategy as capital requirements could be

met costlessly by raising equity capital and investing the additional funds in 0 NPV

investments.

Similarly, under the perfect capital market access conditions of Proposition 1 the

share value of a bank that forgoes making loan investments and instead adopts a

go-for-broke strategy using 0 NPV market-traded securities is undisturbed by the

introduction of the PCA. Because the bank can purchase market-traded securities

with unbounded risk, the go-for-broke strategy generates the asymptotic value of its

deposit insurance guarantee, Be�r�Je�r, a value that is independent of the existence

of any PCA penalties. To see this note that the magnitude of the PCA penalty rate

determines the rate at which the bank pays a penalty for market risk losses in excess

of its pre-commitment provided it does not default. If the bank takes all market

risk, its pre-commitment �ne is bounded by Je�r, the loss the bank foregoes when

it defaults. Since the pre-commitment �ne rate cannot increase the magnitude or

probability of incurring this maximum loss, the PCA does not diminish the bank's

deposit insurance value. Thus the adoption of the PCA will not e�ect the share value

or alter the behavior of such a bank.

The converse of Proposition 2 is that, under the perfect capital market access

conditions of Proposition 1, the PCA can only be e�ective if the bank has positive

NPV loan opportunities. For the PCA to be e�ective, it has to dissuade a bank from

taking market risk to exploit its deposit insurance guarantee. For this to be possible,

a bank's unregulated investment strategy must generate an insurance value less than

the bank's asymptotic deposit insurance value, for only then can the adoption of the

PCA a�ect shareholder value. If a bank's loan investment opportunity set includes

positive NPV loan opportunities, it is possible that the adoption of a pro�table pos-

itive loan investment strategy may preclude a bank from maximizing the value of

its deposit insurance guarantee even if it has access to market-traded securities with

unbounded risk. The bank may �nd such a strategy to be optimal provided that the
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loan investment adds NPV that exceeds the diminution in the value of the bank's

deposit insurance guarantee (as compared to its asymptotic value). In such a case,

the PCA can be e�ective in deterring a bank from using market risk to enhance the

value of its insurance guarantee.20

6. Behavior when Access to Capital Markets is Imperfect

The prior analysis indicates that the e�cacy of the PCA depends fundamentally on

the characteristics of banks' loan investment opportunity sets. Although the proposi-

tions and corollaries of the prior section are of theoretical interest, the capital market

access conditions that underlie these results are clearly not satis�ed in practice.

When it is costly to raise external equity capital or when a bank's ability to take

on market risk is limited, a bank may no longer be able to a�ord a completely default

risk-free strategy or be able to obtain a high-risk strategy that generates an asymptotic

insurance value. As a consequence, the existence of capital market imperfections can

enhance the e�ectiveness of the PCA.

When a realistic complement of capital market imperfections are introduced, op-

timal bank strategies with and without the PCA must be analyzed at the micro-

economic level of detail. Although the limitations inherent in examining speci�c

cases must be recognized, we analyze the e�ectiveness of the PCA for banks fac-

ing di�erent loan investment opportunity set characteristics but identical securities

market investment opportunities, �nancing costs, and franchise values. This analysis

provides some perspective on the potential e�cacy of the PCA under more realistic

capital market access conditions while recognizing the bank-speci�c nature of loan

investment opportunity sets.

20Among alternative regulatory capital regimes, the ine�ectiveness of the PCA under the capital

market access conditions of Proposition 1 is not unique. If a bank has access to securities market

investments with unbounded risk and the ability to raise equity capital costlessly, a regulatory

maximum leverage constraint may also be ine�ective in limiting a bank's ability to exploit the

deposit insurance guarantee for the same reasons that render the PCA ine�ective.
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Three alternative loan investment opportunity sets depicting di�erent possible

loan NPV and risk combinations are described in Table 1. Individual loan NPVs

are calculated assuming a single systematic risk factor, a default-free rate of interest

of .05, and a lognormal distribution for the end-of-period values of each loan.21 The

alternative loan opportunity sets include loans with di�ering investment requirements,

risk, and NPV characteristics. Loan opportunity set A includes loans with relatively

modest overall risk. Loan opportunity set B includes two relatively high risk loan

alternatives one of which has a substantial NPV relative to its required investment.

Although loan opportunity set C also includes a set of relatively high risk loans,

the single most pro�table loan in set C is distinguished by its negative systematic

risk. The bank can also purchase risk-free bonds and a 0 NPV, risky market-traded

securities portfolio (the risky security) in any desired amount subject to meeting its

�nancing constraint. The risk and return characteristics of the risky security are

summarized in the last row of Table 1.

Several regulatory constraints also are imposed independent of the PCA. One is

that the bank cannot start the initial period with negative book capital. Further,

it can be optimal for a bank to forego making any loans and invest all deposits in

risky securities. Assuming that the regulator can observe the bank's investment in

risky 0 NPV securities, any such investment strategy will signal the bank has no value

beyond its deposit insurance guarantee. Such an operating policy is prohibited. In

a subsequent section, the possibility that a bank's market-traded securities positions

may generate positive economic pro�ts from income earned from market-making ser-

vices is introduced. In this extension we revisit the issue of market risk exposure

concentration in banks and the viability of the PCA in such an environment.

Other speci�c parameter assumptions are: (1) the maximum amount of insured

deposits is B = 200; (2) the �xed deposit insurance premium rate is � = :01; (3)

the �xed pro�t rate on deposits is � = :025; (4) per-dollar equity issuance costs are

21The systematic risk factor is assumed to have a market price of 1.
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d0 = :2; (5) end-of-period distress costs are d1 = :4 per dollar of equity issuance; and

(6) the bank's franchise value is J = 40. The bank's internal equity �nance is subject

to the constraint 0 � W � 27.

The bank's alternative operating strategies are described by the individual rows

in Table 2. The rows in the table correspond to the alternative loan portfolios that

are feasible under each loan opportunity set given the bank's �nancing constraint.

Columns 1 and 2 report the positions in risky (M) and risk-free (T ) bonds that

maximize net shareholder value (S) for the loan portfolio described by the invest-

ment amounts in columns 3 through 5. Column 6 (W ) reports the value-maximizing

amounts of internal equity �nance; column 7 (share value) reports the maximum net

share values for the respective loan portfolios; and column 8 (PI) reports the present

values of the deposit insurance guarantee gross of the �xed premium payment of

1.93.22 The values reported in these 3 columns are based on the assumption of no

capital requirements other than a non-negative minimum book equity constraint. The

�nal 6 columns in the table report the maximum shareholder values and correspond-

ing net values of the insurance guarantee (gross of the �xed premium payment) for

each alternative loan portfolio under a PCA capital requirement with penalty rates

of 1 (PCA(1)), 2 (PCA(2)), and 3 (PCA(3)).23

6.1 Optimality of bank decisions without a PCA

Optimality conditions are de�ned by the capital and investment settings that generate

the largest possible share value (Table 2, column 7) among the permissible strategies

under the the assumed loan opportunity set and market-traded security investment

opportunity. Globally optimal bank strategies and their associated deposit insurance

22In these examples, all banks accept their maximum feasible insured deposit base of $200.
23Optimizing values for the choice variables, maximum shareholder values, and the associated

values for deposit insurance are determined using numerical methods. Speci�cally, asset and option

values are calculated using monte carlo simulation and the numerical equivalent martingale valuation

techniques suggested by Duan and Siminto (1995).
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guarantee values are identi�ed by boldface type.

In the absence of capital regulation, it is optimal for a bank facing loan opportunity

set A to retain 27 in inside equity capital and invest in all of the loans in its investment

opportunity set. This strategy generates a total share value of 57.47 and a deposit

insurance value of 0.37 gross of the 1.93 initial premium payment.24 Under this

investment opportunity set the bank invests in all positive NPV loan opportunities.

This investment strategy generates little risk for the BIF|indeed the bank's �xed

deposit insurance premium exceeds the value of its insurance guarantee.

Under loan opportunity set B, a bank �nds it optimal to pay out all inside equity

capital as dividends, invest in loans 1 and 3, and invest 68 in the risky security. Such

a strategy generates a share value of 59.09 and an insurance value of 9.41 gross of

the 1.93 initial premium. Under loan opportunity set B, the bank forgoes a low-risk

positive NPV loan (loan 2) because a competing use of scarce investment funds (the

risky security) generates a larger increment in shareholder value by increasing bank

risk and the value of the deposit insurance guarantee.

For a bank facing loan opportunity set C, absent PCA, it is optimal to pay out

all inside equity capital as dividends, invest in loans 1 and 2, and invest 18 in the

risky security. This generates a share value of 53.52. The bank avoids investing in

the positive NPV loan 3 and holds no risk-free bonds. Although the bank could have

taken a modest position in the risky security to hedge the systematic risk of loan 2,

instead it prefers a large position that increases its asset portfolio risk and insurance

value.

6.2 E�ects of a PCA on optimal bank decisions

The columns in Table 2 labeled, \net share value under PCA," (columns 9-11) report

maximum share values obtainable under a PCA with the indicated pre-commitment

24The bank's pro�ts from service fees exceed the deposit insurance costs so the bank still �nds it

pro�table to accept insured deposits.
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penalty rate using the row-speci�c loan portfolio. A superscripted share value entry

indicates that the imposition of the PCA induces the bank to alter its optimal in-

vestment strategy from its unregulated optimum to one that includes no exposure to

the risky security. The columns labeled, \P
0

I � �PC under PCA," (Table 2, columns

12-14) report the values of the bank's deposit insurance guarantee, gross of the initial

premium, under the indicated PCA �ne rates.

Loan opportunity set A

Initially, we consider the a�ects of the PCA on the bank's alternative investment

strategies. Absent the PCA, 4 of the 7 possible loan portfolios under opportunity set

A admit optimal strategies with 0 inside equity capital and signi�cant positions in the

risky security. The application of the PCA with a �ne rate of 1 (PCA(1)) removes

the incentive to invest in the risky security in 3 of the 4 high-risk strategies. The

only case that does not respond to the PCA for any of the illustrated �ne rates is a

strategy that involves a minimal investment (50) in a low NPV loan, and a signi�cant

position (143) in the risky security.

Under loan opportunity set A, however, the unregulated globally optimal bank

portfolio contains no market risk. Thus, the adoption of the PCA does not alter the

optimal investment strategy. The bank �nds it optimal to continue to retain 27 of

inside equity capital, raise no outside capital, invest in all three loans, and pre-commit

zero (CV = 0). The imposition of the PCA has no consequences in this case.

Loan opportunity set B

Without the PCA, 4 of the 7 feasible loan portfolios under opportunity set B are

associated with a high-risk strategy of holding 0 inside equity capital and purchasing

the risky security. PCA(1) is not su�cient to remove the risk-taking incentives for any

of these alternative loan portfolios, although in each case the values of the insurance

guarantee are reduced. If the PCA penalty rate is increased to 2, for 2 of the 4 loan

portfolios it is no longer optimal for the bank to take a position in the risky security.
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Under a PCA penalty of 3, for only one of the possible loan portfolios does a risky

securities position remain optimal.

Under PCA(1), although the bank's globally optimal investment and �nancing

decisions remain unchanged from the unregulated optimum, the PCA does lower the

insurance value to 6.04. Modest PCA penalty rates are ine�ective when a bank's

unregulated risk exposure pro�le is heavily skewed toward market risk. However,

if the PCA penalty rate is increased to 2, the bank's globally optimally strategy is

altered. Its new optimal strategy is to hold no risky securities and pre-commit zero

(CV = 0), retain 27 in inside equity capital, invest in loans 1 and 2 instead of loans

1 and 3, and purchase 5 in risk free bonds. The net value of the bank's deposit

insurance guarantee drops from 9.41 without regulation to 1.15 with PCA (against

an insurance premium of 1.93). The PCA lowers its maximum share value to 52.70.25

Loan opportunity set C

Absent PCA, 6 of the 7 feasible loan portfolios under opportunity set C require

zero equity capital and positive market risk to generate maximum share value. The

imposition of PCA(1) removes the incentive to take market risk and induces the bank

to retain maximum inside equity of 27 in 3 of the 6 cases. Under PCA(2), the risk

incentives are removed for 4 of the 6 portfolios. The two remaining risky strategies

are una�ected by PCA penalty rates as high as 3. Again, this example illustrates that

modest PCA penalty rates are ine�ective when a bank's unregulated risk exposure

pro�le is heavily skewed toward market risk.

A PCA of 1, nonetheless, is su�cient to mute the bank's risk-taking incentives

under loan opportunity set C. Without the PCA, the global optimal strategy required

the bank to pay out all inside equity, invest in loans 1 and 2, and take a position in

the risky security. Under PCA(1), the globally optimal strategy requires the bank to

retain maximum inside equity of 27, raise outside equity of 5, hold no risky securities

25While the insurance premium exceeds the insurance value, the bank still realizes a net pro�t on

deposits.
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(pre-commit zero), and add positive NPV loan 3 to its portfolio. The bank's insurance

value is lowered from 5.74 to 1.54.

Summary

These illustrations suggest several conclusions on the e�ectiveness of the PCA.

With a su�ciently high penalty rate, a PCA can discourage a bank from taking

market risk exposure in order to exploit its insurance guarantee. If, however, a

bank's unregulated optimal loan portfolio requires only a modest investment relative

to the bank's insured deposits, a PCA may not discourage a bank from taking market

risk exposure if the bank has the opportunity to invest in securities with substantial

risk. A modest PCA penalty rate does not su�ciently diminish the reward to risk

taking and, while higher penalty rates are more e�ective, the increased e�ectiveness

diminishes as the penalty rate is raised further. Although the PCA may be unable

to completely remove bank incentives to exploit the BIF using trading account risk,

it consistently creates the correct incentives by reducing the value bank shareholders

gain from investing in 0 NPV risky securities. Even when it does not alter risk-taking

behavior, the PCA reduces the insurer's ex ante liability. Moreover, the PCA imposes

little or no cost on banks with minimal market risk exposures.

The results also suggest that, besides altering market risk incentives, the PCA may

a�ect a bank's optimal loan portfolio and its optimal capital or leverage ratio. Under

loan opportunity sets B and C, the PCA resulted in new loan portfolios with higher

NPVs and, under opportunity set B, lower loan risk. Because equity �nance is costly,

absent PCA, some positive NPV loans may be foregone in order to invest in a high

risk 0 NPV market security to enhance the insurance value. By reducing incentives to

take market risk with 0 NPV securities, the PCA may increase investment in positive

NPV loans. Also, by reducing the ability to pro�t from market risk exposure, the

PCA can encourage the bank to take a globally safer strategy. For instance, under

opportunity set B, PCA(2) increased the optimal level of the bank's equity capital

and reduced its loan portfolio risk.
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While these illustrations show potential bank-wide bene�ts of the PCA, other

loan investment opportunities can be constructed for which the adoption of a PCA

can lead simply to substitution of loan risk for market risk in the trading account. A

trivial example is if there is a 0 NPV loan whose risk characteristics match those of the

risky security. Without the PCA, under an optimal high risk strategy, a bank might

be indi�erent between investment in the 0 NPV risky loan and the risky security.

If the latter is chosen, imposition of a PCA would simply cause the bank to shift

its investment to the 0 NPV risky loan without a�ecting its optimal all-in risk or

its insurance value. This weakness is not con�ned to the PCA but is inherent in all

piecemeal approaches to capital regulation.

6.3 Aggregate e�ects of a PCA

Although the e�cacy of a PCA will be sensitive to the characteristics of individual

bank's investment opportunity sets, it is instructive to consider the aggregate e�ects

of a PCA using loan opportunity sets A, B and C. Consider the following population

of 12 banks. Three banks each face a di�erent individual loan opportunity set, A, B,

or C. The remaining 9 banks each face a unique loan opportunity set that consists of

the 9 pairwise loan combinations taken from opportunity set A, B, or C. Individual

bank loan opportunity sets are enumerated in column 1 of Table 3 where A1 indicates

loan 1 from opportunity set A and so on. Except for di�erent loan opportunity sets,

all banks have the same exogenous parameter values used in the prior examples.

The row entries in the second and third column of Table 3 report, respectively,

individual banks' optimal share values and the corresponding values of their deposit

insurance guarantee gross of the initial premium. Similar entries in the remaining

columns report bank's optimal share and insurance values under a PCA with the

indicated penalty rate. The �nal row in Table 3 records the total subsidy granted

this hypothetical banking system owing to under-priced deposit insurance.

In the absence of any capital regulations, the hypothetical banking system would
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generate 651.72 in aggregate bank share value including a deposit insurance subsidy

of 69.01. A majority of the banks in the system pursue a high-risk strategy that

includes positions in the risky market securities portfolio. The imposition of PCA(1)

reduces market risk-taking in a majority of the banks that otherwise preferred a

risky strategy. The aggregate value of deposit insurance subsidy falls by 47.77, a

reduction of more than half the unregulated subsidy value. The reduction in the

aggregate deposit insurance subsidy is not reected one-for-one in aggregate bank

share values as share values fall by only 22.07, a reduction of less than 4 percent of

unregulated share value. Share value reductions are tempered by the changes in bank

behavior engendered by the PCA. When the PCA is introduced, banks adopt safer

market risk investment strategies|they switch out of risky securities and into risk free

bond investments. This change in strategy reduces banks' expected costs of �nancial

distress, a gain that partly o�sets the reduction in their deposit insurance subsidy. In

addition to the changes in banks' market risk investment strategies, PCA also tends

to encourage lower leverage ratios (greater overall bank capital) and altered loan

investment strategies. In some instances, banks will substitute positive net present

value loan investments for the 0 NPV market risk exposures they preferred in the

absence of PCA. This additional positive NPV investment is a second source of value

that tempers the PCA-related loss in banks' aggregate insurance subsidy.

As the PCA penalty rate is increased, the aggregate insurance subsidy continues

to decrease, but at a decreasing rate. An increase in the penalty to 2 reduces the

aggregate subsidy by 10.58 and a further increase to 3 reduces the subsidy by only

0.77. Increases in the PCA penalty rate also have diminishing e�ects on the aggregate

value of bank shares. The penalty rate increase from 1 to 2 reduces aggregate equity

values by less than 3 (less than one-half percent) and an additional dollar increase

diminishes equity prices by only about 1 in aggregate.

Overall, the results in Table 3 show that PCA generates substantial reductions in

BIF risk and the aggregate insurance subsidy. For most banks in this example, the
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values of the insurance guarantee (net of the PCA contingent penalty) are uniformly

small and below their premiums. For this majority, the up-front at rate premium

could be lowered and thereby move FRI toward a fair-pricing basis. However, a

minority of banks|those for whom the PCA is ine�ective{still enjoy substantial

insurance subsidies. This suggests that, even when the PCA is an e�ective policy

on a bank aggregate basis, for some banks it will be inadequate. These banks will

require more direct regulation of their trading activities.

7. PCA When Market Risk Can Create Economic Pro�ts

Thus far, consistent with absence of arbitrage equilibrium conditions, we have main-

tained the assumption that market-traded �nancial assets are 0 NPV investments. In

reality, although banks' proprietary market-traded positions are objectively 0 NPV

investments, banks appear to consistently generate economic pro�ts from providing

dealer and market-making services for many types of �nancial instruments. Although

the ability to generate true economic pro�ts from market-making activities is inconsis-

tent with the equilibrium conditions of any frictionless no-arbitrage model, nonethe-

less market-making activities are pro�t centers for most money-center banks. This

reality is at odds with the banking model developed thus far as the model only admits

0 NPV investment opportunities in market-traded securities. A consequence of the

model's assumption is that, unless a bank is hedging a loan with negative systematic

risk, a bank taking market risk exposure is attempting to exploit its deposit insur-

ance guarantee. In this section we generalize the model so that a risk exposure pro�le

that is dominated by market risk may not be premia facia evidence that a bank is

following a go-for-broke strategy.

In addition to positive NPV loan investment opportunities and 0 NPV market-

traded security investments, assume that the bank has the opportunity to invest in a

market-making operation for some set of traded instruments. While it is important

to consider the e�ects of a PCA in an environment where market risks can generate
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economic pro�ts, the direct modeling of market-making activities introduces serious

complications: (1) short positions and derivative contracts introduce credit risks that

are not easily modeled; and (2) it is unclear how a rigorous model of market-making

can produce positive NPV cash ows in a model where a market-maker's book is

composed of assets that satisfy no-arbitrage equilibrium conditions.

7.1 A positive NPV market-making activity

From the standpoint of analyzing the PCA, we can incorporate the important features

of market-making without attempting to fully account for its micro-economic details.

We abstract away from the details of a market-making operation and assume that

this activity requires a positive investment and exposes the bank to systematic and

idiosyncratic risks.26 We assume that market-making requires an initial investment

of M, and generates an end-of-period cash ow,

jM1 = Me�M+sMz1 (7)

Under these assumptions, a bank's total market risk exposure will be the sum of

the risk exposure generated by its proprietary trading positions (represented by an

investment M and an associated stochastic end-of-period value jM1), and risk expo-

sures generated through its market-making activities (represented by an investment

M and a stochastic end-of-period value jM1).
27 As PCA applies to a bank's entire

market risk exposure, the PCA penalty schedule is given by,

�maxf(C � (jM1 + jM1); 0g; (8)

26A book that is approximately balanced or \matched" would require little or no initial investment

were it not for credit risk and asymmetric information. Because of these complications, even a

matched-book will require a positive investment to satisfy explicit counterparty collateralization

requirements or to satisfy implicit competitive market-generated capital requirements that arise

from counterparty pressures to ensure contract performance.
27In this one-period model, jM1 will include the net value of positions in the market-making book

and the cash ows generated from market-making pro�ts. In reality, market-making is a long-lived

activity and so jM1 will also include the NPV of all future anticipated market-making pro�ts.
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C � (M +M)� CV ; CV � 0:

After including the NPV of market-making activities, (jM1 �M), and substituting

(jM1 + jM1) in place of jM1 to account for the new source of market risk, valuation

expressions (5) and (6) directly generalize to accommodate positive NPV market-

making activities.

7.2 Optimal bank behavior

As modeled, the market-making activity is, aside from its treatment under the PCA,

analogous to a positive NPV loan investment opportunity. Although it is possible

to revisit the analysis under the unrestricted capital market access conditions of

Proposition 1, little intuition would be gained relative to di�culty of including the

positive market-making activity into the formal propositions.28 Thus we consider the

implications of adding the market-making investment opportunity in the context of a

speci�c loan investment opportunity set when access to capital markets is imperfect.

Consider a bank that faces loan opportunity set C in Table 1 and model parameters

identical to those that underlie the examples reported in Table 2. In addition to the

opportunity to invest in the 0 NPV risky market-traded security described in Table 1,

assume that the bank's opportunity set is augmented with the opportunity to invest

in a market-making operation. The activity has an expected return of 0.2, systematic

risk of 0.05, idiosyncratic risk of 0.35 and total (standard deviation) risk of 0.354.

This new investment activity requires an initial investment of 75 and produces an

expected NPV of 7.89 using the valuation method in expression (2). The rows in

Table 4 report vital statistics on the individual portfolios that are feasible for a bank

28The omitted formal proposition would state that: for PCA to be e�ective, a necessary condition

is that a bank must either have positive NPV loan or market-making opportunities (or both).

The di�culty in formally establishing this proposition involves the proof of limiting option values.

Although the necessary limits can be veri�ed numerically, their formal proof is mathematically

daunting owing to the analytical intractability of the distribution function of the sums three or more

lognormal variables.
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facing this investment opportunity set.

Columns 1 and 3 in Table 4 report the combinations of the 0 NPV risky security

(M), and the risk free bond (T) that are optimal given the particular set of investments

in market-making (M) and loan opportunities recorded in columns 2, 4, 5 and 6. The

total investment in the bank's trading account is given by the sum (M+M). Column

7 (W) records the optimal amount of inside equity capital �nancing associated with

each row-speci�c strategy. The entries in the \share value" and \PI" columns record

each strategy's maximum share value and the associated value of the deposit insurance

guarantee that is generated in the absence of any capital regulations. Columns labeled

\net share values under PCA" record the optimal share values that can be generated

given each row's positive-NPV investment settings under the designated PCA penalty

rate. The �nal three columns record, for each PCA penalty rate, the optimal pre-

commitment amount (CV) and the value of the bank's insurance guarantee gross of

its initial premium payments (P
0

I ��PC).

Consider initially the e�ects of a PCA on the individual investment strategies

feasible under this investment opportunity set. In 7 of the 15 cases, absent PCA, the

bank uses the risky 0 NPV security to increase share value. In all of these cases, a

PCA is e�ective in reducing the value of the bank's deposit insurance guarantee. In

5 of the 7 cases, the adoption of PCA(1) causes the bank to cease investing in the

0 NPV risky market-traded security. In 2 of these 5 cases, there is also investment

in the market-making activity, but this is not a�ected by the PCA. When the PCA

discourages investments in the 0 NPV risky security, it also induces the bank to

retain 27 in equity capital. This capital is pre-committed if the bank is undertaking

the market-making activity. In cases in which the bank has signi�cant positive market

risk exposure but no position in the 0 NPV risky security, market risk arises from the

positive NPV market-making activities, not from following a high-risk strategy. In

these cases, maximum internal equity of 27 is retained and committed to cover the

market risk of the market-making activity in order to reduce the probability of facing
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a PCA penalty.

Absent PCA, the bank's globally optimal strategy is to invest 75 in market-making

activities, 125 in loans 1 and 2, and 20 in risk free bonds. This strategy generates a

share value of 60.97 and an insurance value of 0.34 gross of the bank's initial premium.

Under the penalty rates examined, the application of PCA will not alter the bank's

optimal investment strategy. Facing only a PCA capital requirement, the bank will

optimally choose to pre-commit its total available equity capital (27) and continue its

unregulated optimal operating strategy. The PCA will lower the bank's share value

only slightly, and reduce the value of its insurance guarantee so that, on balance, the

bank is over-charged for deposit insurance.

In summary, for most of the individual investment alternatives illustrated in Table

4, a PCA discourages a bank from taking market risk exposure simply to exploit the

deposit insurance guarantee. If the bank chooses to take on market risk exposure

through a pro�table market-making operation, PCA encourages the bank to retain

inside equity capital and pre-commit to reduce the probability of a penalty. However,

similar to the examples reported in Table 2, if a bank's unregulated optimal loan

portfolio requires only a modest investment relative to the bank's insured deposit

base, a PCA may be ine�ective in discouraging a bank from taking market risk

exposure if the bank has the opportunity to conduct proprietary trading activities

using market-traded securities with substantial risk. Regardless of its e�ectiveness to

completely remove bank incentives to invest in 0 NPV risky market-traded securities,

the PCA clearly limits a bank's ability to exploit the deposit insurance guarantee.

8. Designing the PCA Penalty Function

The prior analysis has established that a �xed penalty rate PCA can be e�ective

in limiting the aggregate BIF subsidy to the banking system. Within this �xed

penalty structure, the PCA will be most e�ective if penalty rates are bank speci�c.

As demonstrated in the previous illustrations, a modest uniform PCA penalty rate
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will induce some banks to limit risk in their trading accounts but will not deter other

banks. While a uniform high penalty rate will maximize the e�ectiveness of the PCA,

it will also tend to over-charge banks for whom a low rate is e�ective and who have

positive NPV market-making activities. Moreover, excessive PCA penalty rates could

discourage some banks from undertaking positive NPV market-making activities.

The adoption of a PCA that uses custom-tailored bank speci�c penalty rates, while

theoretically appealing, is unlikely to be either desirable or feasible. Such a scheme

would require that the regulator know individual banks' investment opportunity sets

as well as other bank-speci�c information, e�ectively requiring the regulator to achieve

a familiarity with the operations of individual banks on a level equivalent to that

of a bank insider. Not only is such activity inconsistent with the implicit PCA

goal of reducing regulatory intrusiveness, such a procedure would result in signi�cant

variation in penalty rates among banks. Given the inherent subjective nature of the

rate setting process, such variation could undermine the political feasibility of a PCA

approach.

Although bank-speci�c penalty functions may not be practical, some exibility in

the penalty rate structure may still be possible. Given a PCA penalty rate, when

banks have less than perfect access to capital markets it can be shown that the

strength of the risk-reducing incentives created by a PCA vary directly with the

amount of equity in the bank's capital structure. This relationship can be used to

enhance the e�ectiveness of the PCA. For example, a more e�ective PCA penalty

structure might be a design in which penalty rates are conditioned on an objective

measure of the bank's capital (e.g., its overall leverage ratio) at the time the bank

makes its maximum loss pre-commitment. Banks with higher levels of equity capital

(lower leverage ratios) would face lower PCA penalty rates. Such a schedule uses

the information implicit in a bank's choice of capital structure. Banks that hold

signi�cant equity capital are revealing that they intend to follow a relatively safe

investment strategy. Conversely, banks that hold little or no equity capital are more
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likely to have strong incentives to take signi�cant risks. Banks not satisfying the

PCA maximum leverage constraint could be required to use some alternative system

of capital regulation and would likely warrant more intensive supervision.

9. Conclusions

Within the context of a model of a bank facing a �xed rate deposit insurance sys-

tem, it has been demonstrated that the PCA, operationalized using a �xed monetary

penalty rate, imposes a contingent liability on the bank whose value increases with

the market risk in a bank's trading account and decreases with the size of a bank's

pre-commitment. Unlike the current Basle schemes for setting market risk capital

requirements, the PCA provides an explicit incentive mechanism for committing ade-

quate capital to cover a level of market risk that is known only to the bank. Moreover,

the PCA involves minimum intrusion into the bank's a�airs.

The theoretical analyses presented in this study suggests that, given the real

world frictions that characterize banks' access to capital markets, the pre-commitment

approach for setting market risk capital requirements for bank trading accounts can

create incentives that discourage banks from using their trading account activities to

exploit their deposit insurance guarantee. The results suggest that a PCA with only a

modest penalty rate can substantially decrease the risk to the BIF arising from market

risk-taking activity. If banks are engaged in pro�table market-making operations,

the PCA will encourage them to pre-commit capital to reduce the probability of

incurring a PCA penalty. Alternatively, if a bank's optimal loan portfolio leaves it

with substantial insured deposits to fund market risk-taking activities, PCA penalties

may not discourage the bank from taking large market risk exposures. While in certain

cases a PCA may be ine�ective in removing incentives for a bank to invest in zero

NPV risky securities, it clearly limits a bank's ability to use such means to exploit

the deposit insurance guarantee.

While this characterization of the e�cacy of the PCA may be weaker than one
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might hope for, our inability to draw stronger conclusions owes to the generality of

the model's assumptions. If the model were specialized, for example, by assuming

that loan portfolio NPV's and risk were functionally related, one could draw stronger

conclusions regarding both the e�ectiveness of the PCA and the most appropriate

design of a penalty function. In our view, however, there is no basis for making such

an assumption.

Although the PCA has important advantages over the alternate BSC-approved

market risk capital schemes, it shares the shortcomings inherent in the \piecemeal"

approach to bank capital regulation that has been adopted by regulatory authorities.

All of these market risk guidelines set capital to cover risks in banks' trading activities

without regard to the risks created by other activities in the bank. The present

analysis indicates that the PCA, although a piecemeal approach to trading account

risk, can reduce the distorting e�ects of at rate deposit insurance when viewed

from a whole-bank perspective. However, all piecemeal approaches share at least

two critical shortcomings. They create category capital charges that are additive

across bank activities while the risks themselves are not additive. Piecemeal capital

schemes also are susceptible to circumvention through regulatory arbitrage in which

equivalent risks are, in essence, renamed and shifted among regulatory risk categories

to minimize the bank's cost of capital regulation. In these regards, the PCA is no

better that the existing regulatory capital requirements for market risk.
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Appendix

1. Derivation of expression (3) using equivalent martingale pricing

Let L represent the set of loans in a bank's optimal loan portfolio and R represent the set

of risky market-traded securities in a bank's optimal trading account portfolio. De�ne j1

to be the end-of-period cash ow generated by the bank's total risky investment portfolio,

j1 = jL1 + jM1

jL1 =
X

(8i2L)

jLi1 and, jM1 =
X

(8i2R)

jMi1

Let I represent the total initial investment in loans, and M represent the total investment

in market traded securities,

I =
X

(8i2L)

Ii; and M =
X

(8i2R)

Mi:

The total end-of-period cash ow value that accrues to the bank's shareholders including

the bank's franchise value net of any distress costs is,

j1 + Ter + J �B for j1 > jds

j1 + Ter + J �B � (
d1

1� d1
)(B � j1 � Ter) for jd < j1 < jds

0 for j1 < jd

where, jds � B � Ter

jd � B � Ter � (1� d1)J:

These end-of-period cash ows can be expressed more compactly as,

j1 + Ter + J �
d1

1� d1
max[jds � j1; 0] +

d1

1� d1
max[jd � j1; 0] + max[jd � j1; 0]:

The risk-adjusted present value of the end-of-period cash ows can be determined using

an absence of arbitrage condition. Under an absence of arbitrage, the expected return on
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a risk-adjusted basis will equal the risk-free rate plus an adjustment involving the asset

return's volatility due to Jensen's inequality,

log(ji1)� log(ji0) = r �
1

2
�2i + s>i �+ s>i z1;

where � is the vector of market prices of risk. Substituting expression (1) in the text for ji1

above and solving for ji0 yields the valuation in expression (2). Valuation procedures can

be simpli�ed by taking expectations of payo�s under an equivalent martingale probability

measure. For this purpose, asset i's return process is modi�ed into an equivalent process

�wi + s>i z
w
1 where �wi � �i � s>i � and zw1 � z1 + �. The absence of arbitrage condition

implies that the asset value discounted by the risk-free rate follows a martingale under

the rede�ned process where �wi replaces �i and zw1 is a standard normal variate replacing

z1 under the change of measure. Letting Ew denote the expectations operator under the

rede�ned process,

ji0 = e�rEw(ji1) = e�rVie
�wi +

1

2
�2i = Vie

�i+
1

2
�2i��

>si�r

8i. Thus the risk-adjusted present value of the bank's market-traded securities portfolio is,

e�rEw(jM1) =
X

(8i2R)

e�rMie
�w
Mi

+
1

2
�2
Mi =

X
(8i2R)

Mie
r�r =M:

In the text and numerical examples in the paper, the value of a bank's market portfolio of

risky market-traded securities is treated as a single lognormal variable. This simpli�cation

is useful and inconsequential. The risk-adjusted present value of the bank's loan portfolio,

jL0, is

jL0 =
X

(8i2L)

jLi0 = e�r
X

(8i2L)

Ew(jLi1) = e�r
X

(8i2L)

ILie
�Li+

1

2
�2
Li
��>sLi�r

jL0+M is the risk-adjusted present value of the bank's total end-of-period cash ows from

risky assets.

J represents the expected value of the bank's franchise, here taken to be an asset of

�xed value that can be realized at the end of period 1. Thus the franchise value at the start

34



of period 1 is e�rJ . Similarly, Ter is a certain payment at the end of period 1 from a bank's

risk-free bond investments, so its present value is T .

The remaining components of the the end-of-period value expression are equivalent to

the cash ow payo�s that would be produced by positions in long and short European-style

put options (with strikes prices of jds and jd) written on the underlying risky asset portfolio

with payo� j1. Their initial period values are

PD = e�rEw
h
max[jds � j1; 0]

i

PI = e�rEw
h
max[jd � j1; 0]

i

If j1 was lognormal, these options would have familiar Black-Scholes closed form valuations.

As j1 is distributed according to the sum of lognormal variables, Black-Scholes will not apply.

The bank's equity shares have a gross value equal to: the net value of the aforementioned

cash ows, (jL0+M+T + d1
1�d1

PD+ d1
1�d1

PI+PI), plus the up-front deposit liquidity service

payments, e�rB�, less the deposit insurance premium payments, �Be�r, less initial outside

equity �nancing costs. Outside equity �nancing generates costs of d0 per-dollar of outside

equity raised. The outside equity �nancing requirement is are given by,

E =
1

1� d0
maxfI +M + T +�(B)� (1 + �)Be�r �W; 0g:

Shareholder's net equity value (expression (3)) is derived by subtracting the initial invest-

ments in bonds, loans and market-traded securities, I + T +M .

2. Derivation of Expression (5)

Under the PCA, the end-of-period cash ows that accrue to the bank's shareholders are

given by,

jL1 + jM1 + Ter + J� �B ��max [C � jM1; 0]

�
d1

1� d1
max [B � Ter � jL1 � jM1 +�max [C � jM1; 0] ]

+ max
nh

B � Ter +�max [C � jM1; 0]� J � jL1 � jM1
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+
d1

1� d1
max

�
fB � Ter � jL1 � jM1 +�max [C � jM1; 0]g; 0

�
; 0

o
:

Upon rearranging these cash ows, �nding their present value using equivalent mar-

tingale pricing measures, including the initial insurance premium, service fee pro�ts, and

equity issuance costs, one can reconstruct expression (5) in the text where,

P 0I = e�rEw
h
max

n�
B +�maxf(C � jM1); 0g � Ter � (1� d1)J � j1

�
; 0
oi

P 0D = e�rEw
h
maxf(B � Ter +�maxf(C � jM1); 0g � j1); 0g

i

PC = e�rEw
h
maxfC � jM1; 0g

i
:

3. The valuation of bank cash ows under the PCA

The pre-commitment penalty function substantially complicates the valuation of the distress

costs and insurance option values. To our knowledge, there exits no closed-form valuation

expression for these options. The analytical intractability arises because, under the PCA,

both the default option, P 0I , and distress costs, P 0D, now depend on several functions of

di�erent stochastic processes. Although, to our knowledge, the bank's end-of-period cash

ows do not conform with cash ows produced by option pricing models with closed form

solutions, the cash ow payo�s are closely related to some specialized options.

If one de�nes,

ja = jL1 + jM1 + Ter + J;

jb = jL1 + jM1 + Ter + J ��(C � jM1);

jc = jL1 + jM1 + Ter + J �
d1

1� d1
(B � Ter � (jL1 + jM1));

jd = jL1 + jM1 + Ter + J �

d1

1� d1

�
B +�(C � jM1)� Ter � (jL1 + jM1)

�
�� (C � jM ):

shareholder's end-of-period cash ows can be written as,

max
n
minfja; jb; jc; jdg �B; 0

o
:
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Written in this form, the end-of-period cash ows mimic those of a European call on

the minimum of (ja; jb; jc; jd) with an exercise price of B. Under the assumption that all

the underlying processes (ja; jb; jc; jd) follow geometric Brownian motion and are market-

traded assets, Johnson (1987) provides a closed-form solution for such a call option.29 The

closed-form solution however is not applicable in the present context. If the underlying

values jL1 and jM1 are lognormally distributed, the values in the call options, (ja; jb; jc; jd),

will not follow geometric Brownian motion. Moreover, the underlying multivariate normal

distribution explicit in the closed form value of the call option is not of full rank as ja is

perfectly correlated with jc, and jb is perfectly correlated with jd.

This singularity can be removed by re-formulating the problem. De�ne jS1 = jL1 +

(1 + �)jM1. Using this de�nition and the de�nition, j1 = jL1 + jM1, the call option's

end-of-period cash ows can be written as,

max
n
minfx; yg; 0

o

where,

x = j1 + Ter + J �B �
d1

1� d1
maxfB � Ter � j1; 0g;

y = jS1 + Ter + J �B ��C �
d1

1� d1
maxfB +�C � Ter � jS1; 0g:

Written in this form, end-of-period cash ows are equivalent to those produced by a Euro-

pean call option on the minimum of two synthetic processes, x and y, each with a strike price

of 0. The synthetic processes x and y can themselves be interpreted as the end-of-period

payo�s from an investment of (J � B)e�r + T in the risk free asset plus a long position

in the underlying process (jS1 or j1), and a short position of d1
1�d1

put options on the un-

derlying process. Thus, the present value of the end-of-period cash ows are equivalent to

a compound European call option on the minimum of two process|that is, each of the

underlying processes has an embedded option that in part determines its value. Again, we

29Johnson(1987) generalizes the results of Stulz(1982) and derives a closed-form solution for the

value of such a European call option on the minimum of several variables.

37



are unaware of any closed-form expressions for this call value. Valuations nonetheless can

be obtained using numerical methods.

4. Proof of Propositions and Corollaries

The end-of period values for any loan k (jLk1) or risky security portfolio (jM1) have been

assumed to be distributed lognormally. To formally prove the propositions and corollaries

in Section 5 of the text, we further specialize the assumptions of the model so that the bank

chooses among a set of loan portfolios, each of which has a lognormal distribution. With this

additional assumption, the end-of-period value of the bank's risky assets (j1 = jLk1 + jM1)

is the sum of two lognormal variables. The additional specialization greatly simpli�es the

proofs by limiting the dimension of the distribution function of the sums of lognormal

variables.

Although jLk1 and jM1 have actual lognormal distributions by assumption, the log-

normal distributions of interest are the distributions implied by the equivalent martingale

measure; that is, the distribution of the end-of-period realizations generated under expres-

sion (1) when �i is replaced by its equivalent martingale form �wi and z(t) is replaced by

zw(t), the equivalent martingale standard normal process.

In the lemmas that follow, we will consider end-of-period values as individual asset

volatilities, �2i , get in�nitely large while the assets' risk-neutral drifts, �wi , are assumed to

remain unchanged. One way for this to occur is for the increased volatility to come from

increases in the size of the non-systematic components of si whose market price of risk are

zero.

De�ne Fn(n1) to be the cumulative distribution (CDF) function of the random variable

n evaluated at n1 (n = Lk;M; j = L+M), and fn(n1) as the corresponding density function

(PDF), both de�ned under the equivalent martingale measure.

For proving the propositions and corollaries in section 5, some lemmas �rst need to be

established.

Lemma 1 For any jM1 �1, and any nonnegative �nite investment M , (i) lim�M!1

FM (jM1)! 1 uniformly; and (ii) lim�M!1 fM (jM1)jM1 ! 0 uniformly.
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proof: Using a change of variables, FM (jM1) = Nz(z1) where Nz(z1) is a standard nor-

mal CDF and z1 = ln( jM1

M
) 1

�M
�

�w
M

�M
+ :5�M . lim�M!1Nz(z1) = Nz(lim�M!1 z1) =

Nz(+1) = 1. Further, FM (jM1) and Nz(z1) are continuous in �M for all jM1 2 (0;1)

so that FM (jM1) converges uniformly. With uniform convergence, lim�M!1 fM(jM1) =

d(lim�M!1
FM (jM1))

djM1

= 0 from which (ii) in Lemma 1 follows immediately.30

Conjecture 1 For any jM1 �1 and any nonnegative investment M , (i) lim�M!1 Fj(j1)

! FLk(j1) uniformly; and (ii) lim�M!1 fj(j1)j1 ! fLk(j1)j1 uniformly.

Because the distribution of the sum of lognormal variables does not have any simple analytic

form, we are not able to prove this conjecture analytically. However, the limits in the

conjecture can be veri�ed numerically. Further, the intuition for the conjecture follows

from Lemma 1. As the volatility of the risky market security increases without bound, its

CDF uniformly approaches a distribution where virtually all the mass is concentrated at

zero so that the probability that jM1 � 0 approaches 0. Therefore, the conjecture is that,

for the sum of the lognormal random variables, j1 = jLk1+ jM1, the CDF for j1 approaches

the CDF for jLk1 as �M !1.

The following lemmas establish properties of the deposit insurance value when the bank

has access to 0 NPV securities with unbounded risk.

Lemma 2 In the absence of the PCA, the deposit insurance value, for a given loan port-

folio k, is PI(Lk) = e�rEw[maxfjd � j1; 0g] where jd = B � T � Je�r and j1 = jLk1 +

jM1. For a risky security investment with unbounded risk, PI(Lk) has the properties (i)

lim�M!1 PI(Lk) = e�rEw[maxfjd�jLk1; 0g]; (ii) e
�rEw[maxfjd�jLk1; 0g] is a maximum

for all permitted risky securities strategies (i.e., the insurance value given loan portfolio Lk

is maximized by choosing a securities investment with unbounded risk).

proof: Part (i) is proved using Conjecture 1 (i) and (ii).

lim
�M!1

PI(Lk) = lim
�M!1

e�rfjdFj(j1)�

jdZ

0

j1fj(j1)dj1g

30For theorems on limit functions and uniform convergence, see Rektorys (1969), Chp. 15.
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= e�r(jd lim
�M!1

Fj(j1)�

jdZ

0

lim
�M!1

fj1fj(j1)gdj1)

= e�r(jdFLk(jLk1)�

jdZ

0

jLk1fLk(jLk1)gdjLk1)

= e�rEw[maxfjd � jLk1; 0g]:

To prove part (ii) note that the insurance payo� is maxfjd�(jLk1+jM1); 0g. Since jM1 � 0,

the payo� for any realization jLk1 is a maximum if jM1 = 0. Multiplying each possible in-

surance payo� by its (equivalent martingale) probability given jM1 = 0 also must give the

maximum probability-weighted payo� for any jLk1 realization. Therefore, given loan portfo-

lio k, the discounted sum of the probability-weighted insurance payo�s must be a maximum

as well. The discounted sum of the probability-weighted payo�s is e�rEw[maxfjd�jLk1; 0g]

which (i) established is the payo� obtained with a securities investment having unbounded

risk. This proves part (ii).

Since the insurance payo� is maxfjd�j1; 0g and j1 � 0, the absolute maximum payo� is

maxfjd; 0g. This sets an upper bound on how much the insurance can be worth to the bank.

The following two lemmas establish conditions for achieving this bound with maximum loan

and security risk.

Lemma 3 A bank that invests all its funds in the risky security with unbounded risk

achieves the maximum insurance value; i.e., lim�M!1 PI = e�rmaxfjd; 0g.

Lemma 4 For a bank that invests its funds in both loans and risky securities, lim�Lk!1

lim�M!1 PI = e�rmaxfjd; 0g.

proof: For Lemma 3, the bank's asset portfolio is the risky security portfolio with end-of-

period value jM1 and lim�M!1 PI = lim�M!1 e�rEw[maxfjd � jM1; 0g]. For jd � 0, this

limit is 0. For jd � 0, the limit is e�r(fjd lim�M!1 FM (jM1)�
jdR
0

lim�M!1fjMfM (jM1)gdj1) =

e�rjd.

To prove Lemma 4, �rst apply lim�M!1 to PI when the bank invests in both loans and

risky securities. By lemma 2, this yields an insurance value written on the loan portfolio
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with lognormal end-of-period value jLk1. Next apply Lemma 1 (using \Lk" instead of \M")

to get Lemma 4. That is, lim�Lk!1
f lim�M!1 PIg = lim�Lk!1

PI(Lk) = e�rmaxfjd; 0g.

The �nal lemma applies to the value of deposit insurance under the PCA.

Lemma 5 Under the PCA, the value of the bank's deposit insurance net of the value of the

PCA put option is P 0I � �PC as formally de�ned in Appendix 2. If the bank's risky asset

portfolio is limited to risky securities, then lim�M!1 fP
0

I ��PCg = e�rmaxfjd;��Cg.

proof: Since PC is a put option written only on the risky security with exercise price of C,

Lemma 3 implies lim�M!1�PC = e�r�C. Now express P 0I in the form P 0I = Ew[P 0I jjM1 �

C]FM (C) + Ew[P 0I jjM1 � C](1 � FM (C)). Apply lim�M!1 to this expression and pass

through the limits using the properties that the limit of a sum is the sum of the limits and

the limit of a product is the product of the limits. Lemma 1 implies lim�M!1 FM (C) = 1.

Use this to get lim�M!1 fE
w[P 0I jjM1 � C]FM (C) + Ew[P 0I jjM1 � C](1 � FM (C))g =

lim�M!1Ew[P 0I jjM1 � C]. From Lemma 3, this limit is e�rmaxfjd + �C; 0g. Summing

yields lim�M!1 P 0I � lim�M!1�PC = e�rmaxfjd;��Cg.

Proof of Proposition 1

Proposition 1 can now be proven where the end-of-period loan portfolio (jL1) and risky

securities portfolio (jM1) each take the lognormal forms de�ned above. When � = d0 =

d1 = 0, the bank's SNB value given loan portfolio Lk is

SNB(Lk) = PI(Lk) + (� � �)Be�r

wherePI(Lk) = e�rEw[maxfjd � (jLk1 + jM1); 0g].

First consider the case where the bank costlessly adjusts its investment in risk-free

securities T such that jd(� B � Ter � Jer) � 0, assuming the bank issues maximum

deposits (i.e., assuming � � �). Since the end-of-period value on the bank's loans and

securities cannot be negative, when jd � 0, PI(Lk) = 0 8k and the bank is free of default

risk. In this case, the bank's net share value, S, is, S = jLk1 � Ik + (� � �)Be�r + Je�r.

Under this default-free strategy, S is maximized by maximizing loan portfolio NPV, yielding

S�F = maxfjLk1 � Ikg+ (� � �)Be�r + Je�r:
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If the bank sets jd � 0, it faces default risk and PI � 0. There are two types of

investment strategies that need to be considered. One is where the bank limits its in-

vestments to 0 NPV risky securities. From Lemma 3, the bank will maximize its deposit

insurance value, and hence SNB, by securities investments with unbounded risk which yields

SNB = Be�r(1 + � � �)� T � Je�r which is maximized by setting T = 0. Since the bank

has no loan portfolio, it's net shareholder value is given by,

S�R = Be�r(1 + � � �);

S�R is a \go-for-broke" strategy as the bank is taking maximum default and securities risk

to maximize its deposit insurance value.

The other strategy to consider is when the bank's investment also includes a risky loan

portfolio k. The deposit insurance payo� is maxfjd � (jLk1 + jM1); 0g. Lemma 2 estab-

lished that the insurance value, given loan portfolio k, is a maximum when risky securities

investments have maximum (unbounded) risk, i.e., lim�M!1 PI(Lk) = e�rEw[maxfjd �

jLk1; 0g] � P �I (Lk). Lemma 4 also implies P �I (Lk) � maxfjd; 0g. This places an upper

bound on P �I (Lk). Further, e
�rEw[maxfjd � jLk1; 0g] = e�r(

jdR
0

(jd � jLk1)fLk(jLk1)djLk1) �

e�r(
1R
0

(jd� jLk1)fLk(jLk1)djLk1) = e�rjd� jLk0 (i.e., an option value cannot be less than its

\intrinsic value"). This places a lower bound on P �I (Lk). Thus, the insurance value, given

loan portfolio k and an optimal risky securities strategy, is bounded by

maxfjd � jLk0; 0g � P �I (Lk) � maxfjd; 0g

Since jd = B � T � J , the maximization of the insurance value requires the bank to set

T = 0. These bounds on the maximum insurance value, given loan portfolio k, imply

bounds on net shareholder value. Using S(Lk) = jLk0 � Ik + SNB(Lk) + Je�r and T = 0,
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the net shareholder value, S�(Lk), will satisfy the bounds31

(1 + � � �)Be�r � Ik � S�(Lk) � jLk0 � Ik + (1 + � � �)Be�r

Under perfect access to capital markets, a bank with N loan portfolio alternatives will

choose an investment strategy with a maximum net share value, S�, that satis�es

S� = maxfS�F ; S
�

R; S
�(L1); S

�(L2); : : : ; S
�(LN )g

Thus the bank's optimizing choice will depend on its opportunities for loan NPV and

loan risk. In particular, S�F depends on the maximum loan portfolio NPV in the bank's

investment opportunity set. Further, the value of S�(Lk) depends on both NPV and risk

for portfolio Lk. As developed above, the upper bound on S�(Lk) exceeds the maximum

risk, \go-for-broke" strategy (S�R) if jLk0 � Ik � 0. Whether there exists a loan portfolio

Lk such that S�(Lk) � S�R depends on the risk and NPV characteristics of the bank's

loan investment opportunity set Also, a loan portfolio k may have a smaller NPV than the

portfolio with all positive NPV loans but the risk obtainable from the loan portfolio may

be high enough such that S�(Lk) exceeds the safe-bank shareholder value, S�F .

Proof of Corollary 1

If all loans in the bank's investment opportunity set have 0 or negative NPVs, i.e.,

jLk0 � Ik � 0, the upper bound on S�(Lk) established above implies S�R � S�(Lk);8k.

That is, a bank will never choose a risky strategy with nonpositive NPV loan opportunities

when 0 NPV in�nite risk investments are available. Thus, for a bank with no positive NPV

loan opportunities but in�nite risk 0 NPV security opportunities, its optimizing choice

set reduces to a securities-only \go-for-broke" strategy and a safe-bank strategy, i.e., S� =

maxfS�F ; S
�

Rg. In this case, the bank's optimal choice set is independent of the characteristics

of its loan investment opportunities.

31Note that a bank would never operate at the lower bond since it can achieve a higher net share

value by making no loan investment, setting Ik = 0, which is equivalent to selecting a \go-for-broke"

yielding S�
R
.
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Proof of Proposition 2 From Corollary 1, when the bank has no positive loan NPV oppor-

tunities, its optimal investment choices will be limited to the securities-only \go-for-broke"

strategy where the bank takes unbounded risk and a default-free strategy. Under a \go-for-

broke" strategy jd > 0 > ��C, and so Lemma 5 can be used to establish that the bank's

deposit insurance value net of the present value of the PCA contingent liability is equal

to the value of deposit insurance under a \go-for-broke" strategy without the PCA. Thus,

net shareholder value is equal to the \go-for-broke" value S�R and independent of the PCA.

Under a safe strategy, the bank has no incentive to take 0 NPV market risk. Thus it will

not invest in risky securities, will pre-commit 0, and will obtain a net share value of S�F

independent of the PCA. Therefore, with no positive NPV loan opportunities, the PCA has

no e�ect on the bank's optimal strategy.
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Table 1

Alternative Loan Opportunity Sets

loan loan expected systematic nonsystematic total

number amount returna (priced) riskb riskc riskd NPVe

Loan Opportunity Set A

1 75 .20 .08 .20 .22 5.44

2 50 .10 0 .45 .45 2.56

3 100 .25 .10 .30 .32 10.52

Loan Opportunity Set B

1 75 .30 .10 .50 .51 12.14

2 140 .12 .05 .20 .21 2.83

3 50 .20 .10 .60 .61 2.56

Loan Opportunity Set C

1 75 .20 .10 .45 .46 3.85

2 100 .03 -.10 .35 .36 8.33

3 50 .20 .12 .45 .47 1.52

Risky Market-Traded Security

.35 .30 .30 .42 0

a1-period expected return to loan i, �i.
b1-period systematic risk (standard deviation) for loan i, s0i
c1-period nonsystematic (idiosyncratic) risk for loan i,s1i.
dTotal risk for loan i (1-period return standard deviation), �i = (s2

0i
+ s2

1i
)
1

2

eNPV is calculated using expression(2) in the text where the market price of systematic risk is 1, � = (1; 0), and

r = :05 is the risk-free rate.
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