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by 
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Doctor of Philosophy 

Abstract 

This Thesis investigates the impact of different regulatory instruments on bank portfolio and 
on the probability of default and the value of deposit insurance. A central assumption in our 
analysis is that the bank's owners are risk neutral, enjoy limited liability and may (i) replenish 
capital, (ii) dynamically manage the investment portfolio and (iii) earn rents from a number of 
sources. In particular, we consider rents derived from: (i) underpriced deposit insurance, (ii) 

super-normal returns on loans, and (iii) imperfect competition in the market for deposits so 
that the bank may attract deposits at a cost lower than the risk-free interest rate. The Thesis 

comprises six chapters. Chapter 1 describes the focus and purpose of the Thesis. Chapter 2 
presents the basic model and shows that corner solutions do not always characterize optimal 
portfolio choice and that the latter is strongly affected by the sources of rent. These results 
contrast with those of previous studies that have considered the effects of the franchise value 
on bank risk taking behavior. Chapter 2 also examines shareholders' incentive to recapitalize 
when the bank is solvent but is loss making and how the cost of capital may affect portfolio 
decisions. Chapter 3 studies the effects of different sources of rent in conjunction with (i) capital 
adequacy regulation and (ii) closure rules. Again, the results show that the sources of rent 
strongly influence the effects of regulatory mechanisms on portfolio choice, the probability of 
default and the value of deposit insurance. Chapters 4 and 5 extend the base model of Chapter 
2 to the case where the bank may modify its portfolio composition between audit times. In 
the former we consider audit times to be fixed while in the latter audits occur randomly. The 
two main issues that we analyze in these Chapters are dynamic portfolio strategies and the 
intertemporal effect of capital requirements. Our results suggest that regulators must carefully 
take into consideration the consequences of banks' ability to revise their portfolios dynamically 
because the increase of the franchise value is generated partly at the expense of the deposit 
insurer. Moreover, the intertemporal effect of capital requirements may induce the bank to 
choose strategies with a probability of default and value of deposit insurance higher than in the 
case without capital requirements. Chapter 6 presents conclusions and recommendations for 
further researches. 

Thesis Supervisor: Stephen Schaefer 
Title: Professor of Finance, London Business School 
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Chapter 1 

General Introduction 

1.1 Focus, purposes and issues of this study 

Bank portfolio management and the design of regulatory policies are two related subjects that 

attracted great interest over the last decades. The main strand of the literature on bank 

regulation takes a positive approach and analyzes the interaction between regulatory policy 

and bank portfolio management. Its main aim is to understand the economic consequences 

of existing or proposed regulatory rules and to address questions such as: will this form of 

regulation succeed in reducing the risk of bank failure or will it induce increased risk taking by 

banks? 

Most of the models used in the literature are based on efficient capital markets and assume no 

opportunities for a bank to add capital in the event of financial distress (capital replenishment). 

As a result, many important questions are left unanswered: (i) why do capital ratios and 

portfolio composition differ across banks, (ii) what portfolio strategies will banks follow and 

how will these influence the probability of default and the value of deposit insurance; (iii) how 

does the possibility of capital replenishment affect bank portfolio choice and (iv) how does the 

cost of capital influence bank investment decisions. 

This Thesis focuses on important issues such as these and attempts to provide insight 

into the relationship between bank portfolio management and regulatory policies. We focus 

particularly on some aspects that have so far been largely neglected. In particular, the central 
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aim of the Thesis is to analyze the implications of different regulatory policies for bank portfolio 

choice, the probability of default and the value of deposit insurance under the assumption that 

the bank's owners are risk neutral, enjoy limited liability and may (i) earn rents from both 

assets and deposits, (ii) replenish capital, and (iii) dynamically manage the bank's investment 

portfolio. 

The implications of the existence of deposit insurance (one of the main components of the 

safety net) has been extensively analyzed. In the financial intermediation literature, Diamond 

(1984) and Williamson (1986) show that debt financing reduces the agency costs of delegation. 

However, the role of the bank as a delegated monitor implies that depositors cannot observe the 

riskiness of the bank's activities, and it is well known from the corporate finance literature that 

when debtholders cannot observe the investment choice of the firm, debt financing gives the 

owners of the firm an incentive to increase risk (Jensen and Meckling (1976)). In the banking 

literature, it has been shown that the same risk incentive arises when the deposit insurance 

premium does not depend on default risk (Merton (1977)). 

Many studies have attempted to generalize Merton's (1977) model of risk taking behavior 

and most consider that the incentive for risk taking that arises from a flat rate deposit insurance 

is mitigated by bankruptcy costs faced by the bank's owners. As Bhattacharya (1982) first 

pointed out, bankruptcy costs are of different nature but what is crucial is the potential loss 

of the "franchise value", an intangible asset that arises from rents that the bank earns as the 

risk-adjusted margin between the return on its assets and the interest rate paid on deposits. 

If the franchise value is lost in a bank failure, the bank's owner bears these costs and this 

induces banks to adopt a more cautious policy towards risk-taking policy and capital structure 
(leverage). As a consequence, when the costs of failure are nontrivial, banks, although risk 

neutral, may act as if they have a concave utility function. Thus, the existence of a positive 
franchise value reduces the bank's incentive to exploit the deposit insurance put. 

Many researchers have studied the consequences of a franchise value for banks' risk taking 

choices and probability of default. Starting with the seminal work of Merton (1978), Marcus 

(1984) has developed a static framework using an option-based model. He shows that, for 

different franchise values, a value-maximizing bank will choose either extreme high-risk or low- 

risk strategies. Strategies involving intermediate levels of risk are suboptimal. The implications 
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of the franchise value for the design of regulatory policy have recently been analyzed by Acharya 

(1996), Park (1997), Galloway, Lee and Roden (1997), Marshall and Venkataraman (1999), 

Kupiec and O'Brien (1998), Hellman, Murdock and Stiglitz (2000), Bhattacharya et al. (2000), 

Dangl and Lehar (2000), and Acharya (2001). However, most of the models do not (i) determine 

the franchise value endogenously and (ii) consider that banks may also earn rents from assets. 

One of the main objectives of this Thesis is therefore to address these same important issues 

using a model in which a bank may earn rents from a number of sources. In particular, we 

consider rents derived from: (i) underpriced deposit insurance, (ii) super-normal returns on 
loans, and (iii) imperfect competition in the market for deposits, so that the bank may attract 
deposits at a cost lower than the risk-free interest rate. 

Previous studies that have considered the role of the franchise value in a dynamic framework 

have concentrated only on rents from deposits. So far as we know, ours is the first dynamic 

model that (i) considers rents from super normal returns on loans jointly with underpriced 

deposit insurance and deposit rents and (ii) analyzes the implications for optimal bank risk- 

taking and franchise value. 

Our results show that corner solutions are not always optimal and that bank portfolio 

choice is strongly affected by the sources of rent. Moreover, in our analysis we concentrate on 

two major variables of interest to regulators: the bank's probability of default and the value 

of deposit insurance (hereafter "policy variables"). We show, again, that the sources of rent 

strongly affect the policy variables and here our predictions differ significantly from those in 

the previous literature. Our results also shed light on some recent empirical findings. 

Chapter 2 describes and analyzes the base model of the Thesis. This is characterized by the 

assumptions that (i) audit times are fixed, (ii) the bank is closed if there is an audit and the 

value of assets is lower than deposits and (iii) the bank cannot continuously revise its portfolio. 
We use this model not only to analyze the implications of asset rents for bank portfolio choice 

and the policy variables but also to investigate many issues that have been so far neglected. 
In particular, in Chapter 2 we investigate the shareholders' incentive to recapitalize when the 

bank faces losses but is still solvent, that is the asset value is higher than deposits. This analysis 

sheds light on how the opportunity for capital replenishment affects portfolio choice and the 

policy variables. 
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A second issue that we address in Chapter 2 is how the cost of capital may affect portfolio 

choice. In our model we assume that shareholders are risk neutral. However, an extensive 

literature maintains that, because of asymmetries of information, the cost of capital is higher 

than that predicted by the M&M proposition. We investigate how a cost of capital higher than 

the risk free rate affects portfolio choice and the implications this has for the policy variables. 

A further objective of the Thesis is to analyze the interaction between a number of differ- 

ent prudential mechanisms. In particular, we study the effects of different sources of rent in 

conjunction with (i) capital adequacy regulation and (ii) closure rules. In the case of capital 

requirements we examine whether, in order to satisfy capital requirements, the bank may decide 

either to increase capital or to reduce its investment in the risky asset. In Chapter 3 we analyze 

how this decision is affected by the sources of rent and the cost of capital and, if the bank 

decides to reduce capital, how its portfolio choice is affected by the sources of rent. 

Another issue that has been given little attention in the literature is the role of re-capitalization 

by distressed banks. As Suarez (1994) shows, when the bank is in distress capital replenish- 

ment may induce banks to prefer more risk. We analyze this issue in detail in terms of the 

implications of this closure rule for the policy variables. 

Chapter 3 also compares the implications for the policy variables of capital adequacy rules 

combined with different closure rules. This is an important issue if we consider that, in practice 

and since the Basle Accord of 1988, we observe strong convergence, in most countries, towards 

an international standard for capital adequacy regulation while, at the same time, there has 

been no corresponding harmonization of closure rules. We show that different closure rules 

change the ex-post payoffs to shareholders and, therefore, their ex-ante risk taking incentives. 

Thus, closure rules have important incentive effects and deserve the attention of regulators. 
. As we have already mentioned, a major focus of this Thesis is dynamic portfolio management 

strategy. Indeed, it is now widely agreed that risk management plays an important role in 

financial institutions and the attention paid to this topic has grown substantially in recent 

years. However, nearly all moral hazard models of deposit insurance fail to address this issue 

and in particular to recognize that banks will typically respond to changes in asset value and 

risk levels by dynamically adjusting their portfolio composition and leverage. 

The aim of Chapters 4 and 5 is to address this issue and to study the implications of the 
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sources of the franchise value for banks' dynamic portfolio behavior. 

To carry out this analysis we extend the base model of Chapter 2 to allow the bank to 

modify its portfolio composition between audit times. In particular, this chapter solves for the 

optimal dynamic investment policy for a risk neutral bank that may earn rents from a number 

of different sources. Thus the focus of this chapter is how a positive endogenous franchise value 

affects the bank's incentive to take risk. 

The problem faced by the bank in this case is not, as in the static model proposed by 

Merton (1977), simply to maximize the value of the deposit insurance put. Here the bank 

has an infinite horizon, faces multiple audits and may earn rents from different sources. Its 

objective function is the value of equity that embodies, as in the standard case, a long put (on 

the deposit insurance scheme) but also a short call held by regulators that represents the loss of 

the banking licence, and so the franchise value, in the event of default. Thus, in managing its 

portfolio the bank must trade-off the effects of changes in risk on the value of these two claims. 

The main difference between Chapter 4 and Chapter 5 is that in the former we consider 

audit times to be fixed while in the latter we assume that audits occur randomly. The purpose 

of carrying out the analysis under these alternative assumptions is twofold. Our first objective 

is to study the effects of different monitoring schemes on bank portfolio choice and on the 

policy variables. Our second aim is to analyze the intertemporal effect of capital requirements. 

While different authors emphasized different aspects of capital regulation, all neglected both 

(i) the possibility of dynamic portfolio management and (ii) the intertemporal effect of capital 

requirements. 

To address this issue we introduce capital requirements into the model described in Chapter 

4 where the bank has an infinite horizon and we take into consideration the risk taking incentives 

generated by the different sources of rent. Once again, we conclude that the effects of capital 

requirements on bank portfolio choice are strongly affected by the sources of rent. Since, as 

we show in the Chapter, capital requirements give rise to intertemporal effects that may lead 

banks to increase the investment in the risky asset and the probability of default, it is clear 

that regulators must carefully take into account the consequences of the bank's ability to revise 

their portfolios dynamically. 

In summary, this study contributes to the literature in a number of way. In particular, 
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we address bank risk taking and prudential regulation and the role of: (i) rents (included 

asset rents and interest ceilings), (ii) capital replenishment (when the bank faces losses but is 

still solvent), (iii) cost of capital higher than the risk free rate even if shareholders are risk 

neutral (may be because of asymmetries of information), (iv) capital requirements (leverage 

and risk based), (v) closure rules (threshold and option to recapitalize), (vi) dynamic portfolio 

management (discrete and continuous time portfolio revisions) and (vii) regulatory monitoring 
(included fixed and random audit with different frequency) on bank portfolio choice and the 

policy variables. The fundamental research goal of the Thesis is to shed light on some of these 

issues, some of which have been neglected in the literature, and to provide a different perspective 

on findings in the empirical literature. 

1.2 Organization of the Thesis 

The remainder of the Thesis is divided into five Chapters. 

Chapter 2 presents the basic model and analyzes portfolio choice when the bank is closed 

at a threshold point, audit times are fixed and the bank can revise its portfolio only at audit 

times. In the second half of this chapter we consider the implications for portfolio choice of (i) 

capital replenishment by shareholders when the bank is solvent but faces losses and (ii) a cost 

of capital higher than the risk free rate. 
Chapter 3 studies the extent to which the inclusion of capital requirements and a different 

closure rule (the option to recapitalize) affects the bank's portfolio choice and the policy vari- 

ables. We examine the case where the bank may decide either to increase capital or to reduce 

its investment in the risky asset in order to satisfy capital requirements. Moreover, we analyze 

the implications of allowing recapitalization by shareholders when the bank is insolvent and 

study capital adequacy rules with different closure rules. 
Chapter 4 extends the model presented in Chapter 2 to dynamic portfolio strategies and 

analyzes the bank's optimal portfolio choice and its implications for the policy variables. In the 

second half of this chapter we also investigate how capital requirements affect bank portfolio 

choice and show that, perversely, they may increase both the probability of default and the value 

of deposit insurance. Chapter 5 extends the model presented in Chapter 2 to a continuous time 
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framework with dynamic portfolio strategies and random audit. We propose a methodology 

for deriving strategies that dominate static strategies. Chapter 6 presents our conclusions and 

recommendations for future works. 
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Chapter 2 

Franchise Value in a Model of Bank 

Portfolio Management 

2.1 Introduction 

As mentioned in Chapter 1, moral hazard models appear to be incapable of explaining the 

cross-section of asset portfolio composition and capital ratios across banks. 

Following the seminal work of Merton (1977), which shows a correspondence between deposit 

insurance and put option, many studies have attempted to generalize his model of the risk-taking 

behavior of banks. Moral hazard models show that the value of equity is a monotonically 

increasing function of risk. For banks with a high franchise value, the incentive to take risk as 

a result of limited liability is smaller. Usually these models are based on complete and efficient 

capital markets with no opportunity to add capital in the event of financial distress (capital 

replenishment). As a result, many important questions are left unanswered: (i) why do capital 

ratios and portfolio composition differ across banks, (ii) what are the implications of a bank's 

portfolio choice on the probability of default and the value of deposit insurance (iii) how does 

the possibility of capital replenishment affect banks behavior and (iv) how does the cost of 

capital affect portfolio choice. 
We use a dynamic framework (similar to that used in Suarez (1994) and Hellmann et al. 

(2000)), to examine the effect of the sources of franchise value on portfolio choice, the probability 

of default and the value of deposit insurance. 
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We develop a stylized model of a bank that allows us to derive our results as simply as 

possible. The bank's shareholders are risk neutral and enjoy limited liability. We do not always 

assume perfect competition in the banking market and in our model banks earn rents both by 

investing in risky assets earning a rate of return above the interest rate and raising deposits 

paying an interest rate below the risk free rate. The bank fails whenever it does not meet the 

promised payments to its depositors (threshold closure rule). The value of equity is determined 

in a dynamic infinite horizon setting and is represented by the present value of the stream of 

dividend. When the bank defaults, the value of equity is assumed to be zero, perhaps because 

licence is revoked. The higher the value of equity, therefore, the lower the bank's incentive to 

adopt risky short run decisions that risk loosing future rents reflected in the equity value. 

Central to our analysis is the recognition that a bank may earn rents from a number of 

sources. In particular, we analyze rents derived from: (i) underpriced deposit insurance, (ii) 

super-normal returns on loans, and (iii) imperfect competition in the market for deposits so 

that the bank may attract deposits at a cost lower than the risk-free interest rate. 

Previous studies that have analyzed the role of the franchise value in a dynamic framework 

concentrate only on rents from deposits. So far as we know, this is the first model that considers, 

in a dynamic framework, rents from super normal returns on loans jointly with underpriced 

deposit insurance and deposit rents and analyzes the implications for optimal bank risk-taking 

and franchise value. 

In this Chapter, and in the rest of the Thesis, we consider four cases: rent from (i) deposit 

insurance only, (ii) deposit insurance and deposit interest payment (hereafter we call this "de- 

posit rents"), (iii) deposit insurance and super normal returns on loan rents (hereafter "asset 

rents"), and (iv) all the three sources of rent together (hereafter "deposit and asset rents"). 

We begin our analysis by demonstrating that (i) any portfolio composition may be the 

optimal and (ii) the bank's optimal behavior is strongly affected by the source of the rents. 

The former result is at odds with the previous literature which claims that banks optimally 

choose the minimal or the maximal feasible risk. We demonstrate that banks choose "bang-bang 

strategies" only when they derive rents from deposits. Moreover, we show that the incentives 

for risk taking are related to the sources of rent. In particular, rents from deposits create an 

incentive for banks to reduce risk while rents from assets have an ambiguous effect. In a number 
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of cases asset rents increase the bank's incentive to take risk. In others, when, the bank prefers 

to preserve future rents that are generated endogenously by the bank's optimal investment 

behavior, they may reduce this incentive. 

The scope of the paper is mainly positive, since much has to be done in understanding 

the behavior of financial intermediaries before going into rigorous welfare analysis. Our study 

highlights a number of trade-offs that confront regulators. For instance, we note that reduc- 

ing competition and thereby creating a profitable environment for banks does not necessarily 

reduce the banks' incentive to take risk (as many authors have suggested - see Allen and Gale 

(2000a)) but may instead increase risk taking incentives. These results arise when regulators 

reduce competition in the loan market to a level where the asset rent is so high that the disci- 

plinary effect of probability of default is offset by an increase in present and future profits. The 

implication is that only by decreasing competition in the deposit market are regulators able to 

reduce the banks' incentive to take risk. 

We also find that leverage has ambiguous effects. When there are asset rents, we may 

observe that increasing capital may either increase (as evidenced by Genotte and Pyle (1991) 

and Kupiec and O'Brien (1998)) or decrease a bank's risk taking incentive. The empirical 

predictions we obtain from our model differ in some case from those in the previous literature, 

however, we are able to explain some empirical findings that appear inconsistent with the 

previous theoretical literature. 

Extending our analysis we undertake a study of shareholders' incentive to recapitalize. 
Initially, we assume that, when the bank faces a loss but is still solvent, shareholders provide 

the capital to maintain the same level of leverage at audit times. Later, we relax this assumption 

and analyze numerically the implications of the option to inject capital for portfolio choice; then 

we consider how the different sources of the franchise value affect the shareholders' incentive to 

recapitalize when the bank faces losses but is still solvent. This analysis allows us to study how 

capital replenishment affects portfolio choice, the probability of default and the value of deposit 

insurance. In moral hazard models, capital replenishment usually reduces the value of equity, 

since, in order to exploit the deposit insurance, banks prefer to decrease capital as much as 

possible. In contrast, we show that, when the bank earns asset rents, the option to recapitalize 

may have a positive value to shareholders. In this case, capital replenishment reduces the 
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probability of default and furthermore provides an incentive for the bank to preserve even more 

future rents by reducing the investment in the risky asset. 

In our model we assume that shareholders are risk neutral and so the cost of capital is 

equal to the risk free rate. However, an extensive literature maintains that the cost of capital 

is higher than that predicted by the M&M proposition because of asymmetries of information. 

For this reason we also study the implications of a cost of capital higher than the risk free rate 

on (i) bank's behavior, (ii) franchise value, (iii) the probability of default and (iv) the value of 

deposit insurance. The main result is that the cost of capital affects the bank's behavior only 

when the bank earns rents from assets or deposits. In particular, with these rents, a cost of 

capital higher than the risk free rate may induce the bank to take a higher level of risk. In this 

case, when there are asset or deposit rents, it reduces the ex-ante "risk restraining" incentives 

of the franchise value. 

The Chapter is organized as follows. In Section 2, we discuss the related literature. In 

Section 3 we describe the model. In Section 4, we derive optimal investment decisions, the 

franchise value and the value of the deposit insurance. Comparative statics on the interest 

rate, leverage and monopoly power are provided. In Sections 5 we compare the predictions 

of our model with the empirical evidence. In Section 6 we analyze the implications of capital 

replenishment for portfolio choice and in Section 7 the effects of a cost of capital higher than 

the risk free rate. Section 8 concludes. 

2.2 Related Literature 

In this Chapter we examine the effects of the different sources of rent on portfolio choice, the 

probability of 'default and the value of deposit insurance. To our knowledge, this is the first 

attempt to combine deposit insurance with asset and deposit rents in an infinite horizon model 

to determine jointly the investment behavior and the franchise value. 

The role of rents in creating incentives for banks to choose conservative levels of risk in 

their asset portfolio has been widely recognized. This effect, first pointed out by Merton (1978) 

and Bhattacharya (1982), was demonstrated in a static model using an option framework by 

Marcus (1984) and in a state preference model by Furlog and Keekey (1987). 
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These models assume that banks are risk neutral and attempt to show that risk in banks 

"matters", not because banks are risk averse, but because a bank failure is costly to bank owners. 
When the bank defaults shareholders loose not only their current capital but the "franchise 

value"; defined as the net present value of future rents. This is a valuable "intangible" asset 

that the bank holds as long as it is solvent. Both Marcus (1984) and Furlog and Keeley (1989) 

show that banks will adopt extreme investment policies: that is, shareholders will either protect 

the franchise value by investing in the asset with the highest risk or fully exploit the insurance 

subsidy granted by the insurer by investing in assets with the highest risk. 
The relevance of the franchise value has acquired credence after Keeley's (1990) empirical 

findings on the role of the franchise value in creating incentives for bank managers to increase 

or reduce risk and capital. The implication of the franchise value in the design of regulatory 

policy has been recently analyzed, again using an exogenous franchise value, by Acharya (1996), 

Park (1997), Marshall and Venkataraman (1999) and Acharya (2000)1. 

The first model that calculates the franchise value of a bank endogenously is Merton (1978). 

This model extends Merton's (1977) model to take into account audit costs and to provide 

for random audit. Merton (1978) shows that the explicit recognition of these costs leads to 

an equilibrium rate of return on deposits which is below the market interest rate, even in a 

competitive banking industry with no transaction costs. This lower interest rate generates a 

valuable "intangible" asset for the bank: as long as it is solvent the bank pays less than the 

riskless rate on its deposits. Merton's (1978) model has been used by Marcus (1984) to show 

that, even in a multiperiod setting, the optimal bank policy is qualitatively identical to that in 

the static framework with an exogenous franchise value. 

Other studies that analyze the role of the franchise value in a dynamic framework are: 

Suarez (1994), Bhattacharya et al. (2000) and Hellmann et al. (2000)). 

While these models have a common feature, in fact they all concentrate only on rents from 

deposits, their objectives are different. Suarez's (1994) main purpose is to endogenize the 

franchise value within an infinite horizon model, where audit dates are fixed and which allows 
for bankruptcy and closure. The optimal policy he obtains is the same as that previously 

obtained by Marcus (1984). 

'We analyze in details these works in the next Chapter. 
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Bhattacharya et al. (2000) consider simultaneously several regulatory policy instruments 

but assume static portfolio policies. Hellman et al. (2000) aim to analyze the interaction 

between financial liberalization and prudential regulation. As in Suarez (1994) they use fixed 

audit dates and, for simplicity, assume that the bank may choose between only two assets: a 

prudent and a "gambling asset". Portfolios that combine the two assets are not allowed so they 

do not analyze in details portfolio choice. 

Our general approach in considering the interaction between the sources of rent and portfolio 

choice is similar to that followed by Suarez (1994) and Hellman et al. (2000). However, these 

models differ from ours since they do not consider the possibility that the bank earns rents from 

loans. 

Thus, so far as we know, ours is the first model that considers, within a dynamic framework, 

rents from super normal returns on loans jointly with underpriced deposit insurance and deposit 

rents. A key result of our study, that asset rents may induce the bank to reduce its risk taking 

behavior, has not appeared so far in the literature. 

The results we obtain differ from those bank models present in the previous literature that 

have assumed either (i) exogenous franchise value or (ii) endogenous franchise value generated 

by deposit rents. Our results are also different from those studies that use a general equilibrium 
2 model to analyze the role of imperfect competition on bank risk taking. In particular, Matutes 

and Vives (2000) study the links between competition for deposits and risk taking. They 

conclude that an interest rate ceiling is welfare-optimal since it induces minimal risk taking. 

Niinimaki (2000), using a one period model, analyzes the effects of competition on risk 

taking and considers three forms of bank competition: (i) a monopoly bank (i. e. one that earns 

rent from both assets and deposits), (ii) competition only for borrowers (i. e. a rent only from 

deposits), (iii) competition only for deposits (i. e. a rent only from assets). He finds that the 

level of the risk that a bank takes depends on the type of bank competition. With monopoly 

or when banks compete for borrowers (i. e. the bank may earn rents from both deposits and 

assets or only from deposits) extreme risk taking is avoided. In contrast, when competition 

takes place in the deposit market (i. e. the bank earns rents only from assets), the banks take 

extreme risks. These results mean that under deposit insurance, competition in the lending 

2See Allen and Gale (2000a) for a review of the literature. 
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market has no effect on risk taking. In contrast, the introduction of competition in the deposit 

market will increase risk taking. 

Our results are in line with the results of Matutes and Vives (2000) and Niinimaki (2001) on 

the implications of increasing competition in the deposit market (i. e. reducing deposit rents). 

However, they differ from Niinimaki's (2001) conclusion that competition in the loan markets 

has no effects on portfolio choice. For example, we note that a change in asset rents affects 

bank portfolio choice, but the direction of these effects is ambiguous. 

Finally, our analysis and conclusion on the importance of the relation between capital and 

asset rents is closer in spirit to that of Genotte and Pyle (1991) and Kupiec and O'Brien (1998). 

We find in fact that, even in a dynamic framework, when there are asset rents we may observe 

that, increasing capital, a bank's risk taking incentive may increase. 

As already mentioned in the introduction, our results also shed light on some empirical find- 

ings. The empirical literature, which analyzes the implications of franchise value for portfolio 

choice and the probability of default, is discussed in detail in Section 5. 

2.3 The model. 

2.3.1 Timing and assumptions 

A bank is defined to be an institution that holds financial assets and is financed by equity and 

deposits. 

Bank shareholders and depositors: Shareholders are risk neutral, enjoy limited liability 

and are initially granted a banking charter. The banking charter permits the bank to continue 

its business under the control of its shareholders. The charter is renewed at the time of audit if 

the bank is solvent. If the bank is insolvent, the charter is not renewed, the shareholders loose 

the control of the bank and the value of their equity is zero. 

Initially, the bank raises deposits3 D and capital k (expressed as a percentage of deposits) 

so that the total assets invested are: 

'We are not modelling the demand and supply of the deposit. We consider a partial equilibrium model where 
the level of deposit is considered exogenous. 
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A= (1 + k)D. 

The deposits are term deposits with maturity 1 and rd is the total rate of return on deposits4. 

At maturity the face value of the deposits is: 

D1=D(1+rd) (2. i) 

At maturity, the accrued interest is paid to depositors but the debt is rolled over at the 

same interest rate unless the bank is closed because it is insolvent. Consequently, deposits may 

be considered a consol that pays a nonnegative coupon G= Drd at the end of every interval, if 

the bank is solvent. Thus at any audit time t, the audit value of deposits before the payment 

of interest is: 

Dt=Di (2.2) 

Regulators and audit frequency: We assume that audit takes place at any fix time5 

t=1,2,... The government guarantees deposits for which it charges the bank a premium. The 

deposit insurance premium the bank pays the government is a constant rate per dollar of insured 

deposits, v, and is a component ofG rd. 

Investment choice: After funds have been raised, the bank allocates its assets. For 

simplicity we assume that the bank may choose between two assets7: a risk free bond with 

maturity 1, yielding a net return r per unit time and a risky asset with maturity 1 yielding 

a gross random return R per unit time independently distributed across time. The expected 

"We assume for simplicity that deposit maturity is the same as audit interval. 
'We consider the implications of random audit in Chapter 5. 
6With this assumption, deposit fee are in effect paid for by the depositors. 
'We do not consider many risky assets or off-balance sheet assets as in Boot and Thakor (1991). This means 

that we do not address the issues related to portfolio diversification when we analyze bank portfolio management 
strategies. 
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return of this asset E [R] is equal to (1 + a) where a is the net expected return. The risky 

asset is a private information asset that does not trade in the market because outsiders cannot 

accurately assess its value. 

Portfolio choice: Let wt denote the percentage of the portfolio held in the risky asset and 

(1 - wt) the percentage of asset invested in the risk-free security. In order to limit the level of 

leverage of the bank, we impose a no-short selling constraint (0 < wt < 1) on the risky and 

riskless assets. Moreover, we assume that the bank may revise its portfolio only at audit time, 

when the safe and the risky asset mature. Between audit times the bank maintains its portfolio 

composition constant8. 

The bank's potential sources of rent: 

" Asset rents: With regard to the risky asset, our analysis departs significantly from pre- 

vious studies by relaxing the key assumption that banks invest only in -zero net present 

value assets. Following Genotte and Pyle (1991), Chan et al. (1992), Craine (1995), 

Besanko and Kanatas (1994), Froot and Stein (1998), Kupiec and O'Brien (1998), in our 

model, banks differ from other agents in their ability to identify and efficiently manage 

loan portfolios. 

The net present value of investments available to banks depends on competitive conditions 

in the loan market. We assume that banks may have some degree of "monopoly power". 

This assumption can be justified on the basis of banks' special expertise in performing 

activities such as credit assessment and economies of scale in the monitoring activity (Di- 

amond (1984)). As discussed in Mayer (1988) and Sharpe (1990), financial intermediation 

as delegation arises not only from technical scale economies in monitoring, but also from 

"strategic scale economies" involving the effect of the number of financiers on their rela- 

tions with borrowers, in particular on their bargaining power in potential renegotiations of 

contracts. Petersen and Rajan (1994) show that there are natural barriers in entering the 

8In this chapter, in order to make the problem faced by the bank as simple as possible we analyze the case 
where the bank, perhaps because of transaction costs, revises its portfolio only at the audit time. In Chapters 4 

and 5 we study the implication of revising the portfolio between audit times. (Note that the decision to revise 
the portfolio at audit time is optimal if the bank may revise its portfolio only once between each audit time) 
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bank activity. One such barrier might be the informational monopoly a bank possesses 

with respect to its clients. The level of the positive net present value is function of the 

informational monopoly and competition among banks. 

A formal model of loan market competition is beyond the scope of this paper and we 

simply assume that the bank is able to acquire assets which earn a positive "spread" 

a-r. Because, as described earlier, banks are assumed to be risk neutral, and so a 

positive spread implies positive rents. This spread is affected by the level of competition 

among banks and produces an intangible asset in the form of future monopoly rents. The 

positive net present value of risky asset in our model is exogenously provided. 

" Deposit rents: On the liability side, the bank may earn a rent from deposits. The cost of 

deposit the bank pay is rd and it is the total rate paid by the bank for having deposits. 

rd is made up of four components. In particular: 

rd = ract + radon + ract +v (2.3) 

where ra,, t is the interest paid to depositors, radm is the bank's "administrative" cost of 

providing deposit services and v is the fee paid to the deposit insurance authority. If the 

bank borrows money in the market it has to pay the risk-free rate r plus the market value 

of deposit insurance v.. Total deposit rents derive from the difference between the cost 

of borrowing money in the market and the cost of deposit, more formally: 

total deposit rents = [r - (ract + radm)] + [vm - v] (2.4) 

= deposit rents + deposit insurance rents 

As formula (2.4) states, deposit rents are only one of the two components of total deposit 

rents9. The other potential source of rent generated by the mispriced deposit insurance 

'Another potential source of bank deposit rent is generated by the tax deduction of the depositors coupon 
payment. Dangl and Lehard (2000) recognize this as the only potential source of bank rent. For simplicity we 
consider the tax benefit as already included in the interest paid to depositors. 
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is analyzed in detail later. In our model, if rd -v<r, that is the interest rate paid to 

depositors, rast, plus administrative costs, radm, is lower than the risk free rate, we have 

deposit rents. 

The reasons of such potential sources of rent are several: (i) imperfect competition and 

collusion in the deposit marketl0, (ii) regulatory controls on deposit rates (interest ceil- 

ing)11, and (iii) depositors may not have direct access to the wholesale market (as in 

Merton (1978)). 

" Deposit insurance rent: until recently, federal deposit insurance premiums were fixed and 

even now they respond only slightly to changes in the capital ratio and bank asset risk. 

The flat-rate deposit insurance fee generates the possibility that the fee charged to the 

bank is not in line with the risk the bank is assuming. From the theoretical point of 

view the key is the regulator's ability to observe the bank's risk12. As stressed above, 

we assume that the deposit insurance fee paid by the bank is a fix rate per dollar of 

deposits. Because when the bank freely chooses the level of asset risk there are two 

potential situations: (i) the deposit insurance is underpriced and consequently the bank 

earns the difference between the fee paid and the deposit insurance put; or (ii) the deposit 

insurance is overpriced, given the effective risk taken by the bank, since the fee charged 

to the bank is higher than the fairly price deposit insurance put. We analyze in detail the 

first case and provide some comments on the second. 

In our model these three potential sources of rent generate a valuable asset, the franchise 

value, which is contingent on the bank continuing in business and provide the incentive to 

shareholders to avoid bank closure. 

The bank's asset value at the audit time t is simply: 

At = At-1l?, (2.5) 

loConsider the case of U. K. where in the past there was no interest payment in deposit. Sometimes governments 
(especially in Europe) have encouraged collusive agreements among banks (Vives (1991)). 

"Deposit rate regulation was established in the US during the 1930s. 
"See Chan et al. (1992) for a formal examination of this issue. 
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where Rp is the gross return of the portfolio and is a function of the bank's portfolio decision 

and the investment set. This value includes the rents earned from the portfolio in the current 

period, but not those which will be accrued to shareholders in future periods. 

Bank closure rule: Bank solvency is determined by audit. The closure rule we consider in 

this Chapter is the threshold closure rule13: at any audit time t, the bank is declared insolvent 

if the audit value At is lower than the value of liabilities Dt, that is Dt is the threshold point 

for the bank failure. If the bank is declared insolvent at time t it is also insolvent for all future 

periods s>t. 

More formally, let the indicator variable It represent whether the bank is open (It = 1) or 

closed (It = 0) in period t: 

t-i 
0 if rj I. = 0 

8=0 t-i 
It =0 if fl 18= 1 and At < Dt (2.6) 

8=0 t-i 
1if rj I8=1andAt>Dt 

8-0 

with Io = 1. 

Given It-1 = 1, the audit capital (Ct) is determined as the difference between the value of 

assets and deposits (before interest payment) if positive or zero otherwise, that is: 

Ct 
At - Dt, if At > Dt 

= 
0 otherwise 

(2.7) 

Dividend policy and capital replenishment: Further, we assume that at any time 

t>0, if audit capital exceeds the target initial capital, that is: Ct > kD, shareholders receive 

the excess cash flow Ct - kD as a dividend; if Ct < kD and Ct > 0, shareholders14 contribute 

kD - Ct as equity capital in order to maintain capital and leverage at the target level (Figure 

(2-1) presents the dividend policy). 

"In Chapter 3 we analyze the implications of another closure policy characterized by the opportunity offered 
by regulators to shareholders to replenish capital (even by merging with another institutions). 

14In our model it does not matter whether this capital injection is provided by old or new shareholders. The 

question if it is optimal to provide this capital by shareholders it is analyzed in a latter section. 
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A 

A=(l+k)D 

D 

Figure 2-1: Dividend policy and capital replenishment 
This Figure plots three potential paths of asset value and the corresponding cash flow at audit time. If at time 

t=1, A<D, there are no cash flow and the bank default. If A> D(1 + k), the bank pays a positive dividend. 

If D<A< D(1 + k) shareholders provide capital and the asset value is the same as at time t=0. 
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In summary the shareholder cash flow is: 

Ct-kDifIt=1 
dt = (2.8) 

10 otherwise 

We are not analyzing optimal dividend policies but we consider the dividend policy as 

exogenous. 

The main consequence of this dividend policy is that the bank maintains the same level of 

leverage, if, at any audit time, the bank is solvent. We make this assumption for simplicity15 

Moreover, because total earnings are paid out as dividends, the asset value is bounded, i. e., 

the transversality condition is satisfied, even though the bank asset earns a non zero rent. 

In our model we do not attempt to analyze the bank capital structure. Instead, we treat 

the capital structure as exogenous16; equivalently, we may regard it as being determined by 

regulators17. However, we analyze in a later section the case where equityholders are free to 

inject money to guarantee a constant capital structure or, alternatively, they may avoid to 

inject the money in order to cover bank losses when the bank is solvent. 

While we do not derive the optimal capital structure, it is useful to point out that, since 

the infinite horizon case analyzed below is stationary, the optimal capital structure, however 

determined, will also be constant over the time, if the bank is solvent. 

At this stage we impose to shareholders to replenish capital when the asset value is lower 

than the initial value. We analyze in a later section the case where equityholders are free to 

inject money to guarantee a constant capital structure or, alternatively, they may avoid to 

inject the money in order to cover bank losses when the bank is solvent. 

15A similar dividend policy has been assumed in the banking literature by Suarez (1994), Hellman, Murdock 

and Stiglitz (2000) and, with k=0, by Allen and Gale (2000b). 
16We could extend our model in order to take into account deposit market power or economy of scale on the 

asset and liability side and determine an optimal capital structure. However, this would complicate the model 
so we leave these issues for further researches. 

17This constraint can be interpreted as one of the regulatory capital measures imposed by the Basle Accord 
(1988 and 1996). This Accord requires that the leverage ratio equal to Tier 1 capital /Quarterly Average assets 
to be 3% minimum, 4% for bank-holding companies to be "well capitalized" and 5% for banks to be "well 

capitalized". In order to be considered "well capitalized", the Federal Reserve's Regulation Y specifies that 
Bank-holding companies must have a Leverage Ratio equal to at least five percent under the Federal Deposit 
Insurance Corporation Improvement Act (FDICIA (1991)). 
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2.3.2 The value of equity, the franchise value and the value of deposit insur- 

ance 

Given risk neutrality, the value of bank equity is the expected sum of dividends discounted at 

the riskless rate r, that is: 

00 
So = 

E(1 + r)-tE [di] (2.9) 

e-i 

In this set up, the value of equity would exceed the value of capital provided by shareholders. 
As stressed above, there are three sources of bank value of equity in addition to the expected 

audit capital, one from the asset side and two from the liability side. First, on the asset side 

the bank earns rents if it holds private information on loans. Second, the fee charged by the 

deposit insurance agency does not reflect the riskiness of the asset. This rent transfers wealth 

from the deposit insurance agency to bank's owners. Third, a rent arises if the deposit rate, rd 

(including the cost of services and deposit insurance fee), is less than the riskless rate r. These 

three potential rents generate the bank franchise value. 

In particular, we define the franchise value as: 

Fo - So - kD (2.10) 

Thus, Fo represents the bank's net present value at time zero. 

Concluding, since one of our main aims is to analyze the implications of bank strategies on 

the value of deposit insurance liability, we summarize the different claims that will be used to 

analyze the implications for regulators of bank's portfolio optimal strategy, that is: 

(i) the fair value of deposit insurance fee: 

PDI =f 
D' (Dl - A1)dAl 

(2.11) 
1+r 

(ii) the value of insurance liability - denoted as VDI - this is the current value of possible 
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expenditures to guarantee the full face value to depositors in case of bank closure, which are 

borne by regulators18. 

2.4 The bank's optimal investment decision 

The problem faced by the bank is to choose the optimal investment policy, i. e. the percentage 

"wt" invested in the risky asset that maximizes the value of equity19, that is20: 

00 
w* E arg max So = 

E(1 + r)-tE [dt] 
{wt}t=0 

t=1 

subject to: 

0<wt<IVt 

The first-order condition for w* is written as: 

=0 if0<w*<1 
as 
Ow 

Iw=w' >0ifw*=1 

<0ifw*=0 

(2.12) 

(2.13) 

"Note that we are determining the value of deposit insurance in terms of expenditure. However, the bank 

could be close when the value of asset is higher than the market value of deposits, that is A< Dl but A> G/r. 
In our analysis regulators and deposit insurer could be two different entities. We are not analyzing in details 
the implications in terms of value of deposit insurance when the licence is not renewed but assets have a value 
higher than the market value of deposits. 

"In our model, we assume that management's compensation in place completely aligns incentives with those 
of the shareholders, and so we assume that bank managers act in the interest of equityholders. Clearly, it 

would be more realistic to explicitly recognizing agency conflicts between bank owners and managers as well as 
between bank insiders and outsiders. In fact, investment risk choices are generally controlled by management, 
whose risk-taking behavior depends on the structure of their compensation schedules specified by equityholders. 
Nevertheless, it would be in the best interest of the equityholders to adopt ex ante compensation contracts which 
will induce the self-interested manager to implement the investment policy which maximizes firm equity value 
(see e. g. Barnea et al. (1985)). 

201t is worthy of note that maximizing the equity value is the same as maximizing the franchise value, that is 
the bank's net present value. 
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whereas the second-order condition is: 

2 

aw 
Iw=w" <_ 0 {if 0< w* < 1. (2.14 

This problem is time invariant because if the bank is solvent at time t>0, then, since the 

environment is assumed to be stationary, the problem faced by the bank is identical to that at 

time zero, if the bank is still solvent. If the bank is insolvent at time t>0 then the value of 

equity is equal to zero because the equityholders do not hold any longer the banking licence. 

More formally: 

S (It) 
E+, (1 + r)-'E [d3] if It =1 (2.15) 
0iflt=0 

Moreover, the value of the solvent bank is always the same and so constant since: 

(stlI: =1)=(St+illt+i=1)°S`dt (2.16) 

However, whilst stationarity, (2.12) is clearly a dynamic problem because the existence of 

future rents affects the portfolio behavior of the bank in the current period. 
Using dynamic programming we have that: 

St =max (1 + r)-'Et [dt+i + St+i] 

that is: 

St =max (1 + r)-'E [dt+i] + (1 + r)-'E [St+i] 
Wt 

Now, using formulas (2.15,2.16), we can write: 

(2.17) 

(2.18) 
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E [St+i] = Pr [It+i = 11It = 1] S (2.19) 

Since Pr [It+l = lilt = 1] = (1 - ir), plugging formula (2.19) into formula (2.18) we get: 

S =max (1 + r)-lE [dt+l] + (1 + r)-1(1 - ir)S (2.20) 

Thus, the bank will choose strategies corresponding to the infinitely repeated optimal dy- 

namic policy between audits. 
This equation is fully time and state independent so we can drop time indices and have: 

S(w) =E 
[d(w)] 

r+ ir(w) 
(2.21) 

where E [d(w)] denotes the expected one-period dividend of the bank, and 7r(w) is the 

probability of default given the investment decision w. Moreover, we have: 

S(w) =E 
[C(w)] - ß; D(1 - 7r) (2.22) 

r+ir(w) 

where21: 

21 Proof. 
We have 

and: 

since, by definition: 

Moreover, 

E[dtIIe=i1=E[Ce-kDII =1] 

E[dc]=E[dtllt=1](1-ir) 

E [dt lI = 01 =0 

E[dc] = E[Ce-kDIIg=1](1-ir) 
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E [d(w)] =E [C(w)] - kD(1- ir) (2.23) 

and E [C(w)] represents the expected value of audit capital. 

To summarize, the value of equity is equal to the expected dividend divided by the sum 

of risk free rate and the probability of default22. In other words, the value of equity has a 

character of a perpetuity were the discount rate is adjusted for default23. 

In order to determine w*, the optimal portfolio rule, we need to calculate E [C(w)] and 7r. 

For obtaining a convenient closed-form for E [C(w)] and 7r we consider the case where the gross 

return of the risky asset is lognormally distributed with standard deviation equal to a, that is: 

_ {E[CtII =1]-E[kDIIg=1]}(1-7r) 

= E[CtIIt=1)(1-a)-kD(1-ir) 

However, 

E [Ctj =E [Ctl At > Dt, It-t = 1] (1 - 'r) 

since, by definition: 

Et [Ct l At < De, It-i = 1] =0 

and so: 

E [dt] =E [Ct] - kD(1 - a) 

Q. E. D. 
.  

22We could determine also the endogenous franchise value as a function of w. From formulas (2.22,2.10) we 
have that: 

F(w) =E 
[C(w)] - kD(1 + r) 

r+ir 

23A similar relation obtained in a number of models of defaultable bonds (see Duffle and Singleton (1999) and 
Lando (1997)). 

0 
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r :. f, 

=(1+a)e(az 2ý . 24 
ff2 

R2 

where z is a gaussian white noise process. Moreover, we assume that the bank maintains 

constant portfolio proportions between audit dates24 

In particular, we analyze the bank's optimal portfolio policy and use this to value (i) the 

bank equity, (ii) the franchise value, (iii) the value of insurance, and (iv) the fair value of deposit 

insurance fee. 

It is interesting to observe that when the risky asset is lognormally distributed and the bank 

maintains constant portfolio proportions, At is also lognormally distributed, and in particular: 

\/1 
In N[l w(ac - rc) } rc - 

222 

, Qw1 (2.25) 
0 

where (D [m, s] denotes a normal distribution with mean m and standard deviation s and a, 

and rc represent the continuously compounded equivalent a and r rates25. 

These assumptions imply that At has a lognormal density and: 

Atýx) = Ae`w(ac-rc)+rý-°z2 
aý+owx 

2.26) 

24NVe should note that our model is similar to Suarez (1994) and Hellman, Murdock and Stiglitz (2000) models. 
However, we differentiated from Suarez (1994) since: (i) we consider asset rents, (ii) in our model the behavior 

of depositors is given and does not depend from the deposit rate, (iii) we characterize the bank's optimal policy 
and the endogenous franchise value, rather Suarez assumes he can observe the equilibrium value of the bank and 
infers the bank optimal strategy. Moreover, we differentiate from Hellman, Murdock and Stiglitz (2000) since: 
(i) we characterize the bank's optimal portfolio policy, (ii) we consider also asset rents as sources of the franchise 

value and (iii) the per period profits of the bank are different. 
25That is: 

a, = ln(1+ a) 

and 

r. = In(1 + r) 
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where x is i. i. d. and is distributed as x(0,1). 

In order to determine the first order derivative we need to calculate ir and E(C(w)). From 

(2.26) the probability that the asset value exceeds the value of deposits at maturity, i. e. the 

survival probability (1 - 7r), is given by: 

1-7r = N(h2) 

where: 

(2.27) 

zz In pt- + 
(w(ac 

- rc) + rc -°2 
h2 = vw 

(2.28) 

and N(. ) is the cumulate standard normal distribution. 

Direct calculation using the density of At gives: 

E [Ct] = Aefw(aý-rc)+rc]N (hi) - DeN (h2) (2.29) 

where: 

hi =h2+vw 

Proof. 

See appendix A 

  

Using formulas (2.22,2.27,2.29) we can reformulate S(w) as: 

(2.30) 

S(W) - 
{(1 + k)e[w(a°-''-)+''-]N (hi) - [(1 + rd) + k] N (h2)} D 

(2.31) 
r+ (1 -N (h2)) 
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Nevertheless, using formulas (2.26,2.27,2.29) we are able to determine all the other claims 

used to analyze the implication of bank's portfolio policy, in particular (i) the franchise value, 

(ii) the probability of default, (iii) the value of deposit insurance, and (iv) the fair value of 

deposit insurance fee. The analytical formulation of such values is provided in the appendix B. 

In order to characterize the bank's behavior we need to analyze in detail the different sources 

of the franchise value and their implications for the bank's optimal portfolio policies. 

As described earlier, the bank's franchise value depends on three possible sources of rent: 

(i) a positive net present value risky asset, (ii) an underpriced deposit insurance and (iii) a 

deposit rate lower than the riskless rate. 

Similarly, we show below that the bank's optimal portfolio policy depends on which of the 

potential sources of rent - or combination of rents - is present. We consider four possible cases 

and we deal with each in them26. They are presented in Table (2.1). 

Table 2.1: Cases considered in the following sections 

This Table describes the four combinations of sources of rent analyzed to study bank portfolio choice in the 
following subsections and in the further Chapters. 

Cases Description 
(I) a= r=r The only rent is that arises from the 

underpriced deposit insurance 
(II) a=r>r Underpriced deposit insurance 

and deposit rate lower than the riskless rate 
(III) a>r=rd Underpriced deposit insurance 

and positive net present value risky asset 
(IV) a>r>r Rent from the underpriced deposit insurance, 

positive net present value risky asset and 
deposit rate lower than the riskless rate 

In order to guarantee that in all the cases, independently from the bank's optimal strategy, 

the rent from deposit insurance is always non negative, we assume that v=0. For the case 

when v>0 we provide only some comments. 

26 We do not investigate cases without the rent from deposit insurance because our definition of deposit in- 

surance fee does not allow us to perform this analysis. We leave the investigation of this aspect to further 

researches. 
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In each case we characterize the optimal policy and examine the comparative statics of 

the optimal policy, the franchise value, and other key variables with respect to the model 

parameters. 

Since maximizing the value of equity is the same as maximizing the franchise value in the 

different cases considered we present only results on the franchise value formula. 

We start from a simple case with the rent from the deposit insurance put only (a =r= rd). 

This case is the most similar to the static problem proposed by Merton (1977). 

2.4.1 Rent from deposit insurance 

The first case that we examine deals with perfect competition in the market for deposits and 

loans. Here, the franchise value becomes27: 

where: 

27Proof. 
From formula (2.31) we infer that: 

F_- 
(1 + r)Put (2.32) 

{r+(1-N(h2)) 

F_ 
{(1 + k)(1 + r)N (hl) - (1 + r)N (h2) - k(1 + r)} D 

-r+ (1 -N (h2)) 

_ 
(1 + r){(1 + k)N (hl) -N (h2) - k} D_ 

r+ (1 -N (h2)) 

- 
((1+r){(1+k)[N(hi)-1]-[N(h2)-1]}D 
tr+ (1 -N (h2)) 

(1 + r) {[1 -N (h2)] - (1 + k) [1 -N (hl )]} D 
r+ (1 -N (h2)) 

(1 + r) {DN (-h2) - (1 + k)DN (-hl)} 
r+ (1 -N (h2)) 

} 

since: 

Put = DN (-h2) - (1 + k)DN (-hl) 

we have: 

Q. E. D. 
  

_ 
(1+r)Put 

F 
r+1-N(h2)} 
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h2=1n(S) 
vw 

--2Z (2.33) 

and: 

Put = DN (-h2) - AN (-hl) (2.34) 

that is the classical Black and Scholes (1973) formula for a put option with strike D. 

In this framework the franchise value and the value of deposit insurance liability are the same 

since the only franchise value source is the underpriced deposit insurance. The optimization 

problem has only one corner solution as in the static model. 

LEMMA 2.1: If a=r= rd there is only one optimal solution: w' = 1. 

Proof. 

See the Appendix C. 

  

Intuitively, in order to exploit the deposit insurance put (the only franchise value source) 

the bank has to maximize its investment in the risky asset28. This is optimal even though 

increasing the investment in the risky asset not only increases the immediate put value but 

also the probability of losing the franchise value derived from the option to default in the 

future. In other words, increasing the investment in the risky asset, both the numerator and 

the denominator of (2.32) increase. Despite of this, it can be shown that the effect on the 

numerator always dominates and the optimal policy is to maximize the investment in the risky 

asset. 

This rent is higher when the level of leverage increases (leverage increases the put money- 

ness); consequently, the highest franchise value is generated when the initial capital is almost 

"If v>0 and a=r< rd with rd =r+v the bank behavior does not change. The only effect of a positive 
deposit insurance fee is that, for a sufficiently high value of v, shareholders would have no incentive to open the 
bank. 
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zero and the bank persistently remains close to bankruptcy. In this case, even if the endoge- 

nous franchise value can be high, the bank continues to choose the riskiest strategy. This result 

is quite different from the optimal strategies generated by exogenous franchise value models 

(Marcus (1984)). 

Comparative statics of model parameters are presented in Table (2.2) 

Table 2.2: Comparative statics when the bank earns only deposit insurance rents 

This Table reports results from numerical inspections of the sign of changes in franchise value (F), the 
probability of default (rr), the value of deposit insurance (VDI) and jhe fairly price of deposit insurance 
premium (PDI) when the environmental variables, q, increases. We consider as environmental variables the 
risk free interest rate (r), the percentage of capital on deposits (k) and risky asset volatility (a). 

Parameter q" "'« w "' 
ggg 

r-0-0 
k---- 
a++++ 

From Table (2.2) we observe first that increasing the risk free rate, the franchise value 

decreases and the probability of default is not affected. Similarly, the price of the deposit 

insurance fee is not altered because h2 and hl are not function of r. On the other hand, an 

increase in r causes the present value of future expected profits to fall and hence the franchise 

value and the value of deposit insurance decrease. 

Second, the level of capital k lowers the franchise value since the reduction in the value of 

the put is not compensated by the reduction of the probability of insolvency. This has a positive 

effect on the market value of deposits and consequently, when capital increases, the value of 

deposit insurance liability decreases as the probability of default. However, it is important to 

stress that in our model formulation an increase of capital changes not only the level of leverage 

of the bank but also the bank size (the initial A is higher). We verify that this relation holds 

on even if we consider the effect of leverage maintaining constant the size of the bank (that is 

the initial asset value) and changing only the capital structure. 

Third, the relation with volatility and franchise value is positive and so does the default 

probability. This result is interesting and contradicts previous literature predictions based on 

exogenous franchise value because it foresees that banks with a high asset volatility may present 
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a high franchise value and a high probability of default. 

Another important parameter of our analysis is the audit frequency. This parameter affects 

the total volatility of the risky asset over the period between audits, as the time to maturity 

does with the volatility of the underlying asset of the option. Conversely, we have that an 

increase of audit frequency has the same effect as a reduction of volatility. 

Concluding, when there are only deposit insurance rents our model has the following impli- 

cations: 

Empirical prediction 1: 

" High franchise value is associated with high volatility and high probability of default. 

9 An increase of leverage increases the franchise value and the default probability. 

" An increase of audit frequency reduces the franchise value, the probability of default and 

the value of deposit insurance. 

2.4.2 Rent from deposits 

When we consider deposit rents the franchise value becomes29: 

F(w) .j 
(1 + r) (Call - k)D) 

(2.35) 
1+r-N("2) j 

where: 

In( )(r ) 
h2(w) --2 (2.36) 

Qw 

hl (w) = h2(w) + Qw 

"Note that in this case the regulator may close the bank even if the risk-free deposit value (C/r) is lower than 
the audit asset value. In fact, in our model bank closure is independent from the market value of debt. 
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and: 

Call = (1 + k)N (hi) - (1 + r)-1(1 + rd)N (h2) (2.37) 

that is the classical Black and Scholes (1973) formula for a call option with strike 1+ rd. 

Now the optimization problem has two corner solutions as in the static model case charac- 

terized by an exogenous franchise value (Marcus (1984)). In contrast to the previous case, the 

riskiest policy is now not necessarily optimal. 

LEMMA 2.2: There is no interior solution for w. Depending on the parameters, w* may 

be either 1 or 0. 

Proof. 

See the Appendix C. 

  

LEMMA 2.2 states that policies with 0<w<1 will never be optimal and the bank's 

behavior is characterized by "bang-bang" strategies30. Broadly, the bank chooses either a safe 

strategy in order to preserve its future rents or to exploit the deposit insurance put by selecting 

the riskiest strategy. The intuition for this result is provided in Figure (2-2). 

In this framework the bank invests the entire portfolio in the risk-free asset if: 

F(0) > F(1) 

that is if. 

(2.38) 

301f v>0 we still may have that rd <r and in this case the deposit insurance fee affects bank behavior in the 

same way as a reduction of the "spread" r- rd analyzed in Table (2.3). On the contrary, we may have that the 
bank has a rent from depositors providing services but the total rate rd > r. If this case applies, the problem 
faced by the bank is the same as that analyzed in the previous section. This situation arises where the deposit 

rent is offset by the negative deposit insurance rent. The only optimal behavior is to invest everything in the 
risky asset or, if fees are too high shareholders do not open the bank. In summary, a positive fee payment may 
provide a risk taking incentive to the bank. 
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Figure 2-2: Trade off between deposit insurance rents and deposit rents 
This Figure shows the two components of the franchise value for different investment in the risky asset w. 
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(r-rd)) (1+r)(Call-k) 
(2.39) 

r r+ir 

or 

F(0)(r +Tr) > (1 + r)(Call - k)D (2.40) 

where: 

(1 + r)(Call - k) (2.41) 

is the one period expected profit (per unit of deposit) when the bank chooses the riskiest 

strategy and: 

F(O)(r + ir) (2.42) 

is a sort of "opportunity cost of capital" when the bank selects the riskiest strategy. 

Condition (2.39) says that the riskless strategy is optimal if the one-period profit of the 

riskiest strategy is inferior to the opportunity cost of capital. From this condition we can 

determine the critical deposit interest rate rd"(k), so that for rd < rd`(k), the bank will choose 

to invest in the risk-free asset3l: 

rd*(k) =r- 
(1 + k)N (hi) (1 + r) - k(1 + r) -N (h2) 

(2.43) 
7r r(r + ir) 

It is important to stress that the critical deposit interest rate depends on the parameter 

values and, in particular, on the level of capital. Indeed, as Proposition 2.1 shows, a critical 

level of capital k* characterizes the switch from one strategy to the other: 

31This result is similar to that obtained by Hellmann et al. (2000). 
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Figure 2-3: Franchise values for different k when the bank earns rents only from 
deposits 
This Figure shows the franchise value generated by the two corner solutions w=0 and w=1 for different 

percentage of capital on deposits k. 

PROPOSITION 2.1: A unique k* exists such that the optimal policy is the safe policy for 

all k> k* and the risky policy for all k< k*. 

Figure (2-3) gives the franchise value and the optimal strategy as function of k. 

As shown in the picture when the level of capital is lower than k* it is optimal to invest 

everything in the risky asset. Nevertheless, after the level k* the franchise value generated by 

the riskiest strategy is lower than that of the riskless strategy; this because the franchise value 

of the former weakens at the increase of capital. 

Comparative statics results can be obtained by examining how changes in the structural 

parameters increase or decrease the likelihood to satisfy condition (2.43). 

Comparative statics are interesting for two reasons. First they provide insights into the 
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fundamentals-that determine the value of a regulated bank. Some models of bank behavior 

have included exogenous franchise values, but the franchise value is intrinsically endogenous, 

and so it is important to know if it varies altering structural parameters, such as k, rd, r, v32. 

Second, the optimal policy of the bank critically depends on parameters values and com- 

parative statics allow us to analyze the impact of structural parameters on bank's risk-taking. 

This is relevant in particular to regulators. 
Table (2.3) contains comparative statics for changes in r, k, rd, v. 

Table 2.3: Comparative statics when the bank earns only deposit rents 

This Table reports results from numerical inspections, when the bank earns rents only from deposits, of the 
sign of changes in the critical deposit interest rate (rd'), the franchise value (F), the probability of default 
(ir), the value of deposit insurance (VDI) and the fairly price of deposit insurance premium (PDI) when 
the environmental variables, q, increases. We consider as environmental variables the risk free interest rate 
(r), the percentage of capital on deposits (k) 

, the deposit spread (r - rd) , and the risky asset volatility (o) 
. 

Parameter q °r- ! wý 
v 

ý, �ßg1- "= Z 
a4 

r 
k+ -/0 --- 

r-rd + -/0 -/0 -/0 
Q- +/0 

From Table (2.3) we observe first that when the risk free asset is more attractive or when 

the capital increases the condition to invest in the risk free asset becomes binding. Broadly, 

the r increase implies the growth of the spread "r - rd" and thus the rise of deposit rents. 

Consequently, an increase in r may cause a switch in policy by the bank from the risky strategy 

to the riskless strategy. However, the franchise value could either increase or decrease. This 

last result comes about because increasing r we have two implications: (i) the spread "r - rd" 

increases and so does future profits and (ii) we discount future profits at a higher interest rate33. 

Second, an increment in the equity capital, k, reduces the deposit insurance put value and 

also the franchise value generated by investing in the risky asset. This increases the bank 

incentive to invest in the risk free asset. In particular, when k is close to k* small increases or 

We do not consider the time between audit since it generates the same effects as volatility. 
331n Suarez (1994) model there is only the second effect since the spread almost does not change when r 

increases. 
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decreases of k will lead the bank to switch from the risky to the safe strategy and vice versa. 

Moreover, when the bank optimally invests in the risk free asset, the franchise value does not 

depend on k. However, if we consider the effect of capital structure on the franchise value 

we could observe that an increase of leverage, maintaining constant the bank size, rises the 

franchise value; this is caused because: (i) the deposit insurance put increases reducing capital 

and (ii) deposits, and consequently deposit rents, increase. 

Third, when the spread "r - rd" grows (that is rd decreases) deposit rents increase and 

so does the franchise value. Therefore, the likelihood to satisfy condition (2.43) increases and 

the optimal strategy could switch from the riskiest to the riskless strategy reducing drastically 

the value of deposit insurance and the probability of default. On the contrary, if we increase 

the volatility of the risky asset the optimal strategy could switch from the safe to the riskiest 

strategy and the deposit insurance rent may increase. 

Forth, from Table (2.3) we could observe that the probability of default decreases reducing 

the leverage or the deposit rate. When the spread is relatively high the riskless strategy is the 

optimal one and the probability of default is zero. 

The results evidenced on Table (2.3) provide a clear understanding of how structural pa- 

rameters in this peculiar framework influence bank solvency (as already evidenced by Suarez 

(1994)). The switch from one strategy to the other is not only a result of sudden big changes in 

the economic environment, but also of small accumulated changes. For instance, small changes 

in the macroeconomic conditions, as reflected in the interest rate and the level of systematic 

risk, may increase the latent advantages of risky policies versus safe policies. 

From a prudential perspective, in this framework interest ceiling or monopoly power by 

depository institution (as in Heilmann et al. (2000), Bhattacharya et al. (2000) or Suarez 

(1994)) is an alternative to capital and asset regulations when the regulator tries to promote 

solvency. However, a higher rent for bank represents a lower depositors' welfare. Some authors 

had previously referred to this trade-off as one between efficiency and cost of insolvency (Pyle 

(1974), Bensaid et al. (1995)). Obviously, the public costs of bank failures and the welfare 

costs and benefits of the alternative regulatory instruments should be taken into account before 

delivering conclusions. 

Fifth, depending on the level of capital, an increase in volatility or a reduction in the audit 
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frequency has no effect, or has the same effect as in the previous case without deposit rents. 

Concluding, when there are deposit rents our model has the following implications: 

Empirical prediction 2: 

" The franchise value is negatively related to the volatility of portfolio asset and the proba- 

bility of default. 

" In general, an increase of leverage either has no effects or increases the franchise value 

and the default probability. 

"A reduction of the spread "r - rd", e. g. by an increase of competition or the cancellation 

of the interest ceiling, reduces the franchise value and increases the probability of default. 

" An increase of audit frequency either has no effects on or reduces the franchise value, the 

probability of default and the value of deposit insurance. 

2.4.3 Rent from assets 

Key aspect of our model is to take into account the possibility that banks may earn rents on 

their loan portfolio, perhaps as a result of monopoly power deriving from superior information. 

In this case the bank's optimal strategy is characterized by the trade off between profits in the 

short run while preserving the future rents through avoiding defaults in the long run. Increasing 

investment in the risky asset makes default more likely and the bank loses its franchise value 

more often. The bank exploits all the loan rent investing everything in the risky asset; the bank 

maximizes its rent in the short term by investing everything in the risky asset and maximizes 

its chance of survival by investing only in the riskless asset. 

The franchise value is: 

F(w) . 
{(1 + k)e[w(a°'''c)+rc1N (dl) - (1 + r)N (d2) - k(1 + r)} D 

2.44 
r+1-N(h2) 

() 

where: 
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h2(w) - 

In (ý) + (w(Qw 
ac - rc) -° w2 

(2.45) 

and: 

hl(w) = h2(w) + Qw (2.46) 

The bank's optimal strategy is never to invest 100% in the risk-free asset because in this 

case the franchise value is equal to zero. Indeed, the bank is able to generate rents (loan and 

deposit insurance) only by investing in the risky asset. 

The first question we address here is whether, under this condition, an internal solution 

exists. Lemma 2.3 provides the answer. 

LEMMA 2.3: if a>r= rd then w will never be equal to zero. However, an interior 

solution for w may exist. 

Proof. 

See the Appendix C. 

  

Lemma 2.3 states that policies with 0<w<1 may be optimal34. This is an interesting 

result since it differs from optimal strategies in (i) the static case (Merton (1977)), (ii) the 

case with an exogenous franchise value (Marcus (1984)), and (iii) the case with an endogenous 

franchise value generated by deposit and deposit insurance rents (optimal strategies provided 

in the previous section and in Suarez (1994)). Intuitively, the bank decides either to exploit 

the deposit insurance system by means of the highest feasible risky strategy or to reduce the 

risk in order to preserve its future profits. Figure (2-4) provides an intuition for this result. 

Remark 2.1 The relevance of this result is that it demonstrates that almost every combination 

of risky and risk-free asset (and so any level of risk excluded zero) can be optimal. The level of 

risk chosen by the bank depends on its franchise value sources. 

34If v>0 than we have two cases: (i) rd >a>r or (ii) a> rd > r. In both cases the bank has an incentive 

to increase the risk taking behavior. In particular, in the former case there are no internal solutions. 
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Figure 2-4: Trade off between deposit insurance rents and asset rents 
This Figure shows the two components of the franchise value, asset rents and deposit insurance rents, for different 

investment in the risky asset w. 

Unfortunately, we are unable to find a closed form solution to the first order condition of the 

problem and we have to solve the problem numerically. In Figure (2-4) we show the franchise 

value as a function of the amount invested in the risky asset. 

From Figure (2-4) we can see that the franchise value is a concave function of the investment 

in the risky asset and reaches its maximum at w' < 1. Figure (2-5) shows that interior solutions 

are optimal for a range of values of capital. 

From Figure (2-5) we observe that, when the level of capital is low, the maximum risk 

strategy is optimal; when the capital increases it is optimal to reduce the investment in the 

risky asset in order to preserve future rents. For high levels of capital it is optimal once again to 

invest everything in the risky asset. This means that portfolios with high volatility are preferred 

by banks with high or low levels of leverage. In contrast, banks with a medium level of leverage 

choose portfolios with low volatility in presence of positive net present value risky asset. 
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Figure 2-5: Bank optimal strategy conditional on different levels of capital when the 
bank earns asset rents 
This Figure shows the optimal investment in the risky asset, w', for different percentage of capital on deposits, 

k. The parameters used are: D= 100, a= 6%, r= rd = 5%, a= 10%. 
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Figure 2-6: A peculiar shape of the endogenous franchise value for different levels 

of capital when the bank earns rents from assets 
This Figure plots the franchise value, determined with the optimal investment in the risky asset, w', for different 

percentage of capital on deposits, The parameters used are: D= 100, a= 6%, r= rd = 5%, Q= 10%. 

Remark 2.2 Even rents from the asset side35 can be considered a discipline tool since they 

induce the banks to moderate their risk taking behavior 

In general, franchise value and capital are positively related, although there are some cases 

where the relation is negative. In fact, as Figure (2-6) shows, there are some levels of capital 

for which the franchise value decreases with capital. This result comes about because the asset 

spread is relatively low and the loss in the deposit insurance put is not compensated by the 

higher asset rents. 

Clearly, this result shows that it is preferable to hold either zero capital or a relative high 

level of capital. 

35Note that asset rents derive from the peculiar role of banks: providing credit and monitoring (Diamond 
(1984), Sharpe (1990), Genotte and Pyle (1991) and Froot and Stein (1998)). 

54 



Comparative statics are provided in Table (2.4) 

Table 2.4: Comparative statics when the bank earns only asset rents 

This Table reports results from numerical inspections, when the bank earns rents only from assets, of the 
sign of changes in the percentage invested in the risky asset (w') the franchise value (F) the probability of 
default (1r) the value of deposit insurance (VDI) and the fairly price of deposit insurance premium (PDI) 
when the environmental variables, q, increases. We consider as environmental variables the risk free interest 
rate (r) the percentage of capital on deposits (k), the asset spread (a - r) , and risky asset volatility (a). 

Parameter q awe " 
4 

"w w 

g 
v 

4 
r+- + + + 

k -/+ -/+ -/+ -/+ -/+ 
a-r -/+ + -/+ -/+ -/+ +/- +/0 +/0 +/0 +/0 

From Table (2.4) we observe first that the market riskless rate r marginal increase causes 

the reduction of the present value of future rents. In terms of bank's optimal strategy this 

implies that an increase of the riskless interest rate increases the bank incentive to rise risk and 

exploit the deposit insurance put. 

An increase in the spread "a - r" causes: (i) future profits to rise and (ii) a reduction, 

ceteris paribus, of the probability of default. The effects of this on bank's portfolio choice are 

ambiguous. In fact, when the spread is equal to zero, the maximum risk strategy is optimal; 

while, when the spread is positive but low the bank chooses to reduce the risk (w* < 1) in order 

to preserve future profits (the probability of default reduction effect prevails on the present and 

future profits loss). When the spread is high, it is optimal again to invest everything in the 

risky asset in order to exploit the high value of the spread. In this case the disciplinary effect 

of probability of default is offset by the increase of present and future profits. 

Remark 2.3 An increase in the competition in the loan market may reduce the risk taking 

incentive and consequently the probability of default and the value of deposit insurance. 

This result implies that decreasing competition in the bank loan market allows spreads to 

rise and this may increase risk instead than reducing it. This comes out because the franchise 

value is determined endogenously. In fact, in this case, even if the franchise value is high and 
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regulators could increase it further by creating a profitable environment, the banks are not 

induced to reduce risk but, on the contrary, to increase it. 

Even the effect of an increase of capital is ambiguous as we have also seen in previous 

figures. The relation between capital and respectively (i) investment in the risky asset and (ii) 

the franchise value is positive or negative depending on model parameters. The same applies if 

we consider only the effect of leverage without changing the bank size. Moreover, as in Genotte 

and Pyle (1991), a reduction of leverage instead of reducing the probability of default may 

increase it. 

The volatility parameter has ambiguous effects too. The risk of the bank portfolio depends 

on both investment in the risky asset and its volatility. When it is optimal for the bank to 

preserve future rents by moderating its risk taking behavior (w* < 1), a marginal increase of 

the volatility induces the bank to reduce its investment in the risky asset in order to maintain 

the optimal level of bank portfolio volatility. As a consequence, in some cases, an increase of 

volatility may induce the bank to reduce the investment in the risky asset and consequently both 

the probability of default and the value of deposit insurance will be lower36. The same applies 

to audit frequency. In particular, an increase of audit frequency may increase or decrease the 

bank's risk taking behavior. In fact, the relation between audit frequency and franchise value is 

ambiguous and depends on the level of capital. When capital is low a marginal increase in the 

audit frequency increases the franchise value, when the capital is high the opposite applies. The 

intuition for this result is that with a high audit frequency dividends are paid more frequently. 

Consequently, with a higher audit frequency the bank replenishes its capital more often and, as 

a consequence, defaults less often. This effect outweighs the loss of the opportunity to reinvest 

in the risky asset. The opposite applies when the capital is high. 

The effect of an increase of audit frequency on the probability of default and on the value 

of deposit insurance is also ambiguous. This implies that an attempt to rise audit frequency 

'When the volatility of the risky asset increases the bank has to reduce its investment in the risky asset in 
order to preserve future rents. This leads to a reduction in the contribution of asset rents on the franchise value. 
As a consequence the trade-off between the deposit insurance put and future rents is alterated. It is possible to 
record that the increase of the deposit insurance component of the franchise value is higher than the reduction 
of the asset rents component. In this case we observe an increase of the franchise value and an increase of the 
probability of default. When the opposite applies the franchise value decreases. However, the probability of 
default may increase or decrease, this depends on the trade-off between future asset rents and the probability of 
loosing such rents that are respectively positive and negative related to the investment in the risky asset. 
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could lead to the perverse effect of increasing the probability of default and the value of deposit 

insurance. 

Concluding, when there are (i) deposit insurance rents and (ii) asset rents our model has 

the following implications: 

Empirical prediction 3: 

" High franchise value is associated either with low volatility and low probability of default 

or high volatility and high probability of default. 

" Leverage may have a positive or negative relation with the franchise value and the proba- 

bility of default. 

"A reduction of the spread "a - r", e. g. by an increase of competition in the loan market, 

reduces the franchise value but it may either increase or decrease the probability of default 

. An increase in the audit frequency has ambiguous effects on the franchise value, the prob- 

ability of default and the value of deposit insurance. 

2.4.4 Rents from both assets and deposits 

In this section we consider the case when the franchise value is generated by the three sources: 

(i) loan, (ii) deposit and (iii) deposit insurance. 

In this case the well known trade off between rents from deposit and deposit insurance is 

affected by the presence of rents from loan, that, as shown above, has an ambiguous effect on 

bank's risk taking. The franchise value becomes in this case: 

F(w) - 
{(1 + k)ew'('c-''°)+*°l N (di) - (1 + rd)N (d2) - k(1 + r)} D 

2.47 
r+1-N (h2) 

() 

where: 

In(r) + (w(ac-rc)- 2) 
(2.48) haw) 

lw o 
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In this framework, the range of optimal solutions are the same as in the case with only asset 

rents. In particular, for the parameters we explore, w will never be equal to zero. This suggests 

that our results are consistent with those of Arrow (1970) and Pratt (1964) that have shown 

the demand for risky asset is positive in a one-period model under expected utility if its excess 

return is positive in expectation. Comparative statics are provided in Table (2.5). 

Table 2.5: Comparative statics when the sources of rent are both assets and deposits 

This Table reports results from numerical inspections, when the bank earns rents only from assets, of the 
sign of changes in the percentage invested in the risky asset (w"), the franchise value (F), the probability of 
default (a), the value of deposit insurance (VDI) and the fairly price of deposit insurance premium (PDI) 

when the environmental variables, q, increases. We consider as environmental variables the risk free interest 
rate (r), the percentage of capital on deposits (k), the asset spread (a - r), the deposit spread (r - rd) 
and the risky asset volatility (o). 

Parameter q k ' ý 1 

r + 
k -/+ -/+ -/+ - - 

a-r -/+ 
r-r - + -/0 -/0 -/0 

Q +/- +/0 +/0 +/0 +/0 

Table (2.5) shows that the results are almost the same as those presented in Table (2.3) 

and Table (2.4). The main difference with respect to the two previous cases analyzed is that, 

in presence of loan rents, a rise of deposit rents induces the bank to reduce the investment in 

the risky asset without switching to the riskless strategy. 

Thus a reduction of competition in the deposit market has lower effect on the bank's risk 

taking behavior in presence of asset rents than without it. On the other side, deposit rents 

affect the implication of an increase of asset rents (a reduction of loan competition) on the 

bank's behavior. In fact, without deposit rents, an increase of asset spread is more likely to 

induce a higher increase of the investment in the risky asset than in presence of deposit rents. 

Concluding, when there are both deposits and assets, our model has the following implica- 

tions:: 

Empirical prediction 4: 

" Franchise value may be positively or negatively related with volatility and probability of 
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default. 

" Leverage may have a positive or negative relation with the franchise value and the proba- 

bility of default. 

9A reduction of the spread "a - r", reduces the franchise value ceteris paribus, but has an 

ambiguous effect on the probability of default. 

9 An increase in audit frequency has ambiguous effects on the franchise value, the probability 

of default and the value of deposit insurance. 

2.5 Theoretical predictions and empirical findings 

Our four sets of empirical predictions, presented in previous sections contradict in some cases 

the previous theoretical literature that generally finds that: 

" High franchise value is associated with low volatility and a low probability of default (mod- 

eis with exogenous franchise value or deposit rents). 

" High levels of leverage are generally associated with low levels of franchise value, high risk 

and high probability of default (models with exogenous franchise value or deposit rents). 

9 Ceteris paribus, a more competitive banking system should be also one in which banks take 

on more risk. Thus, competition reduces the franchise value and consequently volatility 

and probability of default increase (models with deposit rents). 

" An increase of audit frequency reduces the bank's risk of large unexpected losses (13hat- 

tacharya et al. (2000)). 

As already emphasized above, these predictions are at odds with our Predictions 3 and 4. 

The case with deposit rents only is the most consistent with the previous theoretical literature. 

The empirical literature in general confirms the previous literature and our Predictions 2 

and 3. All the empirical researches determine the franchise value using Tobin's q measure and 
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they do not analyze in details the sources of franchise value. This implies that it is not clear if 

a low risk taking behavior is due to deposit or asset rents. 

In particular, Keeley (1990) shows that lower franchise value leads to more risk taking. He 

argues that barriers to entry gave banks a high franchise value until the 1980's and that is why, 

until the deregulation of the 1980's, there were few bank failures. 

Galloway, Lee and Roden (1997), using a sample of 86 commercial banks over 1977-1994, 

examine the time-varying relation between the banks' ex-ante risk-taking incentives and their 

ex-post risk-taking behavior. They confirm the result obtained by Keeley (1990). In particular, 

they document that banks with high franchise value imposed self discipline on risk taking 

behavior at all times. In contrast, banks with low franchise value assumed significantly more 

risk beginning around 1983, and this behavior continued till 1990s. 

To shed light on the component of the franchise value and their relation with bank portfolio 

choice we compare the results of Keeley (1990) and Galloway, Lee and Roden (1997) with 

those of Boyd and Runkle (1993) and De Nicolö (2001) that analyze the relation between size, 

franchise value, asset volatility and probability of insolvency. The results find by Keeley (1990) 

and Galloway, Lee and Roden (1997) are in some sense in contrast with those of Boyd and 

Runkle (1993) who finds a negative relationship between size and respectively franchise value 

and asset volatility for the period 1981-1990. 

De Nicole (2001) extends the analysis of Boyd and Runkle (1993) and focuses on the cross- 

sectional relationship between bank size, franchise value, risk and probability of insolvency for 

large medium and small banks in US, Japan and Europe. De Nicolb (2001) finds a negative 

relationship between franchise value and size; however, he finds a positive and significant re- 

lationship between size and both (i) insolvency risk and (ii) asset volatility for US, Japanese 

and European banks. Thus, insolvency and asset volatility appear to have increased for larger 

bank-holding companies in the US during the 90s. De Nicolb (2001) results are also consistent 

with the evidence reported by Hughes et al. (1999). 

Moreover, De Nicolb (2001) shows that the franchise value, the returns on assets and the 

market capital to asset value ratios are higher for small banks than for large banks while, 

in contrast, volatility is lower. The high franchise value is consistent with the large literature 

focusing on the existence of operational efficiency of small banks, as well as with the evidence of 
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improvements in post-merger performance for small banks found in Boyd and Graham (1998). 

These results are also in line with the branch of the literature that assumes that the franchise 

value is exogenous, where high franchise value is related to low volatility and a low probability 

of default. However, it is at odds with the assumption of monopoly power in deposit market. 

It is hard in fact to reconcile the evidence with the assumption that market power is decreasing 

in size. In fact, this market power explanation does not appear supported by the data. As 

observed by Boyd and Runkle (1993), a positive size-franchise value relationship appears to 

hold in the 70's, but a negative relation was holding in the 80's, i. e. after the deregulation 

period. This is opposite to the implications of a market power explanation of franchise value 

that predicts a flatter relation between size and franchise value after deregulation. 

Clearly, a number of factors may be responsible for these results and our empirical Prediction 

3 may shed some light on the findings of Boyd and Runkle (1993) and De Nicolö (2001) in 

relation to deregulation. In case of a non-zero asset rents in fact, an increase of competition 

(i. e. a reduction in our model of both the spread "a - r" and "r - rd" ) may reduce risk 

taking behavior and the probability of default. If we consider, in addition, the evidence on 

bank consolidation, diseconomies of scale may explain both the negative relationship between 

franchise value and size and the increase in bank volatility. A large literature in fact has failed 

to detect significant efficiency benefits from the consolidation process involving large banks (see 

Berger et al. (1999) and Group of Ten (2001)). As a consequence, even large banks may have 

the same opportunities as smaller banks to pursue riskier activities that are profit enhancing 

and earn asset rents. Moreover, they still may have the advantage, by diversification, to increase 

the riskiness of their activities. However, diseconomies of scale may be so high that at the end 

profits are so low that size is not positively related with profits. A further potential explanation 

of the higher asset volatility in large banks is related to the "too-big-too-fail" closure rule. We 

analyze this issue in the next Chapter. 

Moreover, De Nicolö's (2001) analysis shows that, for some countries, franchise value does 

not have either a clear positive or negative relation with bank risk. This may be explained 

by the contemporaneous presence of both high or low franchise value generated by different 

sources of rent. 
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Unfortunately, De Nicolö's (2001) study does not report the relation between leverage and 
franchise value or leverage and risk. The empirical findings on this aspects are controversial. 

Shrieves and Dahl (1992) find that changes in capital are positively related to changes in risk. 

However, the evidence quoted in Berger et al. (1995) suggests that a higher capital ratio is 

associated with less bank risk, although this relationship is often weak. Demsetz and Strahan 

(1997), find that, on average, large banks operate with lower capital ratios and have a higher 

volatility than smaller banks. Our analysis shows that leverage may have either a positive 

or a negative relation with bank risk, depending on the sources of rent. This suggests that 

further empirical analysis on this subject has to be performed taking into account also other 

environmental variables and not simply the relation between capital and risk. 

Concerning asset returns, there is limited empirical evidence on the relation between bank 

loan quality and risk. Berger (1995) shows that banks with high levels of capital and low 

portfolio risk tend to have a higher return on equity. This result appears to contradict the 

usual finance-theoretic proposition that lower risk is associated with lower expected return. 

However, this result, once again, is consistent with our Prediction 3, where asset rents provide 

an incentive to the bank to reduce asset volatility. 

2.6 Will shareholders inject capital when the bank is solvent 

but loss making? 

In this section we analyze the robustness of the result obtained in the previous section, to the 

assumption that the capital structure of the bank is maintained constant at each audit time 

and shareholders provide capital when the bank is solvent but incurs a loss. The first question 

that we address is the extent to which capital replenishment affects bank's risk taking behavior. 

The second is whether shareholders would willingly contribute capital when the bank sustains a 

loss but is solvent. The third question we address is how the absence of capital injection would 

affect the comparative statics and the empirical predictions regarding the relation between 

policy variables and environmental variables. 

To analyze these questions we consider the case where shareholders do not replenish capital 

when the bank incurs losses (A < D(1 + k)) but it is still solvent (A > D). 
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Dividend policy and capital replenishment: we assume that at any time t>0, if audit 

capital exceeds the target initial capital, that is: Ct > kD, shareholders receive the excess cash 

flow Ct - kD as a dividend; if Ct < kD and Ct > 0, shareholders receive no cash flow. In 

summary the shareholder cash flow is: 

Ct-kDiflt_1=1andCt>kD 
dt = (2.49) 

0 otherwise 

The consequence of this dividend policy is that the bank does not maintain the same level 

of leverage, if, at any audit time, the bank is solvent. The new dividend policy is represented 

in Figure (2-7) 

Portfolio choice: we assume that the bank has a static, and therefore constant, risk 

portfolio policy. This assumption means that instead of modelling the individual assets in 

the portfolio we may use the level of portfolio risk as the decision variable. Specifically, we 

assume that the return on the asset portfolio has a log-normal distribution with mean it = 

w(a, - r, ) + r, - u'2 Z and variance w2v2. The bank chooses w directly (that is it chooses the 

risk of the asset portfolio), subject to the constraint that wE [0,1]. The mean of the portfolio 

is determined by w. 

All the other assumptions apply as above. In particular, the value of the equity is equal to 

the expected discounted dividends, that is: 

00 
So = 

E(1 + r)-tE [d(w)] (2.50) 

c=i 

Formula (2.50) could be expressed in recursive definition, that is: 

So = (1+r)-1J (A1-(1+k)D)O(InAllAo)d In Al+ (2.51) 
In(1+k)D 

(1 + r)-1 
f Soq5(1n Al I Ao)d In Al + 

n(1+k)D 
rIn(1+k)D 

(1 +r)-1 J Pl (A1)«(InA1IAo)dInAl 
In D 
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A 

A=(l+k)D 

D 

Figure 2-7: Dividend policy without capital replenishment 
This Figure plots three potential paths of asset value and the corresponding cash flow at audit time when 

shareholders do not inject capital. If at time t=1, A<D, there are no cash flow and the bank default. If 

A> D(1 + k), the bank pays a positive dividend. If D<A< D(1 + k) shareholders do not provide capital and 
the bank has an amount of asset to invest after audit t=1 lower than the audit at t=0. 

64 



where Pl ° (A1) is similar to an infinite Bermudan call, whose value can be expressed as a 

function of its at the next exercise opportunity, that is: 

00 
Pl°(A1) _ (1+r)-1J (A2-(1+k)D)q(1nA2IA1)d1nA2+ (2.52) 

In(1+k)D 
00 

+ Soq5(1nA2lA1)dlnA2+ (1r)-1 f 

n(1+k)D 
ln(1+k)D 

(1+r)-1 fin P°(A2)q5(1nA2IA1)dlnA2 
D 

Due to time homogeneity, the critical asset values (1 + k)D and D are the same at each 

exercise opportunity. 

Unfortunately we are not able to determine the bank value of equity in close form unless 

w=0 (i. e. no risk), and in this case, there is never a need for equityholders to replenish capital. 

2.6.1 Numerical solutions 

The numerical estimates of the value of equity may be obtained using Monte Carlo simulations. 

We analyze the four cases studied in the previous section (summarized in Table (2.1)) to explain 

the effects of the different sources of rent on the optimal strategy, the franchise value, the default 

probability, and the fair value of the deposit insurance. 

From our numerical analysis we observe that LEN MA 2.3 applies also to this case. For the 

parameter values we explore we find that LEMMA 2.1 and 2.2 do not fail. So it appears that 

also these apply. This means that the results we have obtained in the previous section seem to 

be robust. Although, the optimal strategies may be different. The main effect of the absence of 

capital injection on the banks choice of portfolio risk results from the fact that, with the same 

level of risk, the effect of the probability of default in the long term is higher. This increases 

the deposit insurance put and decreases the element of the franchise value associated with the 

asset and the deposit rents. Whether capital injections increase or decrease bank risk depends 

of which of these effects prevails. From our numerical analysis we observe that with only asset 

rents, ceteris paribus, capital injection induces a lower risk taking behavior than in the case 

with no capital injection when leverage is relatively high as shown in Figure (2-8). 
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Figure 2-8: Comparison between optimal strategies with and without capital replen- 
ishment when the bank earns rents only from assets. 
This Figure plots optimal investment strategies in the risky asset both when shareholder replenish capital and 
the bank is solvent but loss making and without capital replenishment. The parameters used are: D= 100, 

a= 6%, r=rd= 5%, a= 10%. 

66 



0.9 

0.8 

0.7 
0.6 

3 0.5 

0.4 

0.3 

0.2 

0.1 

Q 

Figure 2-9: Comparison between optimal strategies with and without capital replen- 
ishment when the bank earns rents only from assets 
This Figure plots optimal investment strategies in the risky asset both when shareholder replenish capital and 

the bank is solvent but loss making and without capital replenishment. The parameters used are: D= 100, 

a=6%, r=5%, rd=4%, a=10%. 

When there are both asset and deposit rents the bank chooses, ceteris paribus, a lower risk 

strategy as shown in Figure (2-9). 

The implications for franchise value and policy variables are presented in Table (2.6) 

Table (2.6) shows that, with rents from only underpriced deposit insurance, the franchise 

value is higher with no negative dividends (i. e. no capital injection). However, the results are 

ambiguous when there are asset or deposit rents. The intuition is that without capital injection 

the probability of default increases in the long term and so therefore does the value of deposit 

insurance put. This effect explains the increase in the franchise value when there are only 

deposit insurance rents. However, the increase of the probability of default in the long term 

horizon reduces the contribution of asset and deposit rents to the franchise value. 

This shows that it is not always optimal for shareholders to inject capital. In fact, sharehold- 

67 

v cV w U) Ww VI .WV uJ I- wvNwv 
0000000--i---NNN 
r .- .-rrrrrrr .- .-rrr .-r 

A 



Table 2.6: Impacts of no capital replenishment 

This Table shows the impacts of the no capital replenishment on franchise value, the probability of default 
and the value of deposit insurance. Four cases are considered: (I) deposit insurance rents only, (II) deposit 
rents only, (III) asset rents only and (IV) asset and deposit rents. 7r(T) represents the probability of default 

with a higher time horizon than the audit frequency, that is T>1. 

Cases F 7r 7r(T) VDI 
(I) a=r=r +0 + + 
(II) a=r>r +/0/- +/0 +/0 + 
(III) a>r=r -/+ +/- + +/- 

a>r>r +/0/- - + -/+ 

ers are better able to exploit the deposit insurance put by withholding capital. In summary, 

shareholders avoid to inject capital when the bank earns rents only from deposit insurance. 

However, they may choose to inject capital when there are high rents from assets or deposits 

in order to preserve their value37. 
As regard comparative statics and other predictions, our numerical analysis does not show 

strong differences from the results already described earlier in Section 2.4. 

2.7 The cost of capital 

Does capital structure matter? Miller (1995) says that "bank capital structure is irrelevant in a 

full information, complete contract world, and, to a first order of approximation, also in a more 

imperfect `real' world. However, bank capital may be special and so the M&M proposition may 

not apply to banks not only because of tax or market frictions, but also because the government 

guarantees some securities issued by the bank". This has two effects on bank capita138. The 

first is that underpriced deposit insurance enhances the value of an insured bank equity (Buser 

et al. (1981)). The second, as Black, Miller and Posner (1978) first highlight, using capital 

requirements to regulate bank risk taking may be an expensive method for the government to 

37In our study we do not consider the case where shareholders may inject capital only partially. Our intuition 
is however, that when it is optimal to inject capital partially, it is still optimal to inject capital to cover all 
the losses when the bank is solvent. This means that the two extreme possibilities considered are the only two 
optimal solutions. 

3sSee Berger et al. (1995) for a review of the role of capital in financial institutions. 
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protect the deposit insurer. 

Gorton and Winton (1999) also suggest that capital requirements increase the cost of capital: 

"Bank capital is costly because a system-wide increase in bank capital reduces the aggregate 

amount of bank deposits, which are an efficient medium of exchange, and forces investors to 

hold more information-sensitive bank equity, which is a poor liquidity hedge". 

We have already analyzed in our previous section the implication of leverage on the value of 

equity and show that with rents only from underpriced deposit insurance or deposits we have 

the same result deriving by Buser et al. (1981), that is the value of the equity decreases with 

capital. 

An alternative explanation comes from the agency problems that arise between the manager 

and the external financier, as suggested by Dewatripont and Tirole (1993) and Froot and Stein 

(1998). The key point is that issuing capital has a cost due to the bank's inability to convey the 

exact risk of its assets to the capital market. Stein (1998) argues that banks will have similar 

difficulties in issuing long term equity as those faced by industrial firms. Besanko and Kanatas 

(1996) show that when the agency problem between insiders and outside investors, as described 

in Jensen and Meckling (1976), is significant issuing equity may dilute the ownership of bank 

insiders sufficiently to reduce their incentives to expend efforts on behalf of bank's stockholders. 

The equity price declines in this case because the market correctly infers that bank insiders 

will now be less productive. Gorton and Winton (1995) develop a theory where agents using 

securities other than deposits for trading face a "lemons cost". Thus bank capital and bank 

deposits are not perfect substitutes and increasing the bank capital at the expenses of deposits 

is costly. 

In order to derive consequences of the changes in the cost of capital on the franchise value 

and risk taking behavior we assume that the bank has to pay to shareholders39 (even if risk 

neutral) an expected rate of return on equity higher than the risk free rate. This implies that 

shareholders discount future dividends at a rate equal to r+ p(k), with p(k) > 0. 

The value of equity will be in this case: 

"As we have already mentioned above, we do not distinguish between old or new shareholders and the cost 
of capital is the same for both. 
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00 
So = 

E(1 +r+ P(k))-tE [di] (2.53) 

c=i 

and so40: 

=E 
[d(w)] 

_E 
[C(w)] - kD(1- ir(w)) (2.55) S(w) 

r+ ir(w) + p(k) r+ ir(w) + p(k) 

Once again we analyze the four cases studied in the previous sections (summarized in Table 

(2.1)) to derive the implications of the different sources of rent on optimal portfolio strategy, 

franchise value, the probability of default, and the value of deposit insurance. 

The first - and obvious - consequence of a cost of capital higher than the riskless rate is 

that the franchise value is lower and, for relatively high values of p(k), the franchise value could 

be negative. This implies that it is not economically optimal to start the bank activities by 

shareholders. 

As regards optimal portfolio strategies, Lemmas 2.1,2.2,2.3 and Proposition 2.1 apply also 

in this case41. This means that the results we have obtained in the previous section are robust 

even if we consider the cost of capital. 

However, ceteris paribus, when there are deposit or asset rents, a positive value of p(k) 

sometimes increases, but never decreases, the risk taking incentives, since increasing the dis- 

count rate reduces the present value of future expected profits and this may affect the trade-off 

between short term and long term profits. 

'Assuming constant portfolio proportion we have: 

I 
elwinc-*c)+rý) (1 + k)N (hl) - [(1 + rd) + k] N (h2)} D 

S(w) l 
r+(1-N(h2))+P(k) 

(2.54) 

and: 

jeiw(ac-rc)+rcl (1 + k)N (hl) - (1 + rd)N (h2) - k(1 +r+ p(k))ID) 
F("ý) lr+ 

(1 -N (h2)) + p(k) 

41Proofs are not provided but they are similar to that presented in appendix C. 
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The cost of capital may affect also the banks capital structure. With asset rents and p(k) 

equal to zero, we showed above that the bank has an incentive to raise capital because the 

franchise value increases with the value of capital. When p(k) >0 this result does not always 

hold. From the first derivative of the franchise value with respect to capita142 we can determine 

the critical value of p(k), p*(k), such that for p(k) > p*(k) the bank prefers to reduce the 

capital: 

p*(k) 
{e[w(_rc)+rc]N 

(dj) +n (dj) 
((1 

+ k)e(w(Q, -r, )+rýj 1+r 
- 

(1 + r)2 
- (l+k)Qw (l+k)Qw 

TII Tk 
+ 

ýOk) ) 
F/DJ -k 

(1+r+ ýOk) 
(2.56) 

It is important to stress that the critical value p* (k), depends on the parameter values and, 

in particular, increases with the level of asset rents (that is with a). However, when there 

are only deposit or deposit insurance rents and the cost of capital is relatively high the bank 

selects a level of capital as low as possible. Finally, we note that p(k) >0 further underlines 

that the cost of capital may create a situation where, even with asset rents, it is preferable by 

shareholders not to replenish capital when the bank faces losses and is still solvent. Thus, the 

probability of default may increase and will never decrease when the cost of capital increases. 

42The first derivative of the franchise value with respect to capital is: 

f 
efw(aý-rte)+rýlN (dl) +n (dl) ((1 + k)e(w(a1-r-)+r-J 1+r 1tß D 

äk r+ir+p(k) 

_k 

(1+r+p(k)+ e k-1" D_ [(°k +e) F} 

r+7r+p(k) r+n+p(k) 

where: 0< Cklt < 1, e>0 and ök < 0. 
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2.8 Conclusions 

This Chapter has described a model in which the franchise value is determined endogenously 

together with the bank's optimal investment policy for different combinations of the sources of 

rent. The model predicts that a bank's portfolio choice, along with the probability of default 

and the value of deposit insurance, is strongly dependent on the sources of rent and the portfolio 

choice may include internal solutions. 

In particular, with asset rents, the bank may have an incentive to reduce the investment in 

the risky asset in order to preserve future rents and here interior solutions may be optimal. As 

a consequence, the results contrast with those of the previous literature that claim that banks 

optimally choose only portfolios with the minimal or the maximal feasible risk. 

Comparative statics provide insights into the influence of the risk free rate, market power 

and leverage on the bank's optimal portfolio policy, the franchise value, the probability of 

default and the value of deposit insurance. 

We show that the predictions of the previous literature, regarding the relation between 

franchise value, default probability and the value of deposit insurance, may no longer hold if we 

take into account the different sources of rent that generate the franchise value. In particular, we 

demonstrate that the effects of a change of asset rents, that may be interpreted, for example, 

as a change in bank competition, have ambiguous implications on both the bank's behavior 

and the probability of default. This result allow us to shed some light on the recent empirical 

evidence on the relation between, on one hand, franchise value, bank risk and the probability 

of default and, on the other, asset rents and risk taking. 

Moreover, our simple model also has implications for the optimality of capital adjustment 

in response to stochastic changes in firm value, and on the consequences of this behavior for 

risk taking and the probability of default. We show that, with asset rents, it may be optimal 

for shareholders to replenish capital when the bank is solvent but loss making. Once again, this 

result differs from the previous literature on moral hazard in banking. Moreover, our numerical 

analysis suggests that, when it is optimal for shareholders to replenish capital, such action does 

indeed reduce both the probability of default and the value of deposit insurance. 

Finally, our analysis of the effects of changes in the cost of capital shows that, when the cost 
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of capital is higher than the risk free rate, perhaps because of asymmetries of information in 

the capital market, this may create an incentive for banks to take more risk and thus increase 

the probability of default. In fact, a cost of capital higher than the risk free rate lowers the 

ex-ante incentive derived from the franchise value to reduce risk. 

The model presented in this Chapter is used as the "base case" for further analysis and in 

the succeeding chapters we analyze the implications for bank behavior of capital requirements, 

closure rules, dynamic portfolio management and random audit. 
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2.9 Appendix A 

Let assume: 

0,2w2 
w(ac-rc)+rc- 2 

This implies that: 
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where: 

In IZI+ (w(a, 
-rc)+r, - 022-) 

T1 
h2 = vw 

and N(. ) is the cumulate normal distribution with m=0 and s=1. 

Moreover, we have that: 

00 
E [Ct) = 

IDt 
(At - Da) f (At)dAt 

where f (At) is the lognormal distribution function of At. 

From formula (2.26) we have that the expected audit capital is therefore: 

(A(x) - D) f (x)dx E [Ct] =j 

where x* satisfies: 
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and: 
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We could reformulate the integral as: 
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Now, 
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The first part of the integral is: 
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The term in curly brackets can be written: 
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This implies that: 
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When: 

x= x*, x' = -(-x* + ow) 

This implies that: 
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Putting all together we have: 
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2.10 Appendix B 

With constant portfolio proportion the franchise value is: 

F(w) _ 
{(1 + k)e[w(' -''-)+''dN (hl) - (1 + rd)N (h2) - k(1 + r)} D 

r+(1-N(h2)) 

The fair deposit insurance fee at each audit is: 

PDI = 
Dl [N(-h2)] - (1 + k)C[w(a, -T, )+rc]N (-h1) 

1+r 

The value of deposit insurance is: 

VDI - 
PDI(1 + r) 

r+ [1- N(h2)] 

2.11 Appendix C 

PROOF OF LEMMA 2.1: 
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and n(. ) is the standard normal distribution density function. 

The second order derivative is: 
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This implies that ä>0 contradicting the necessary second order condition for a maxi- 

mum. Consequently, w* may be either 1 or 0. However, when a=r= rd we have that: 
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S(0) = kD 

and: 

(1 + r)Put S(1) - [r + 1- N(h2)] + kD 

and so: 

S(1) > S(O) 

and the only optimal solution is w' =1 

Q. E. D. 
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and n(. ) is the standard normal distribution density function. 

The second order derivative is: 
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we have: 
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If an interior solution exists, OF would have to be zero and ä would have to be negative. 

However, when i9F =0 we have that: 

(1 + k)De9(°)N (hi) (ac - rc) + (1 + r)Dn(h2)0'- Fn(h2) wl 
=0 

and so: 
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äw2 (1 +r- N(h2)) 

This implies that eä could be negative when the first derivative is equal to zero. 

Q. E. D. 
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Chapter 3 

Capital Requirements and Closure 

Rules in a Model of Bank Portfolio 

Management 

3.1 Introduction 

Government regulation has the primary objective of enhancing the safety and soundness of the 

banking system and, in particular, controlling the probability of bank failure. Nevertheless, 

the financial distress experienced by financial institutions in the last twenty years in the US, 

as well as in Europe and some countries of Latin America and Asia, has raised the questions 

about the adequacy and effectiveness of the current regulatory framework and in particular has 

underlined the need to moderate the cost of deposit insurance to taxpayers. 

Partly as a result of this concerns, the prudential regulation of banks has received a good deal 

of attention from academicians and policy makers and a number of key insights have emerged. 

The principal response from policy makers has been a review of capital adequacy rules as one 

prudential mechanism to reduce default risk. At the same time, researchers have considered the 

interaction between deposit insurance and other regulatory instruments, for example regulation 

of the intensity of interbank competition and closure ruled. 

'See Freixas and Rochet (1997) for a detailed description of safety and soundness regulatory instruments in 
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A common finding of the literature on the optimal design of regulation is that it is advanta- 

geous to employ a menu of the regulatory instruments and this result has motivated researches 

on the effects of two different regulatory instruments (see for example Kanatas (1986), Sleet 

and Smith (1999), Craine (1995), Hellmann et al. (2000), and Acharya (2001)). In the same 

spirit this Chapter considers the interaction of the different prudential mechanisms within a 

unified framework that permits the study of the effects of different sources of franchise value 

jointly with (i) capital adequacy regulation and (ii) closure rules2. 

Our main contribution is to illustrate that the effects of capital requirements on banks 

portfolio choice, the probability of default and the value of deposit insurance, are strongly 

influenced by (i) the sources of the franchise value, (ii) closure rules and (iii) the cost of capital. 
We begin our analysis by extending the model presented in Chapter 2 to analyze the con- 

sequences of capital requirements for a bank portfolio choice with different combinations of 

rents. We examine the case where the bank may decide either to increase capital or to reduce 

its investment in the risky asset. In particular, we show that the bank's risk taking behavior 

under capital requirements varies with the sources of rent. Moreover, this dependency holds 

irrespective of whether the bank prefers to increase capital to satisfy capital requirements or to 

reduce its investment in the risky asset. In particular, we find that capital adequacy regulation 

may induce the bank to reduce risk if it derives rents from deposits and to increase capital in 

the other cases. 

When the cost of capital is equal to the risk free rate, capital requirements reduce the 

rent from deposit insurance and leave unaffected the contribution to the franchise value from 

asset and deposit rents. However, if the cost of capital is higher than the risk free rate capital 

requirements may reduce the contribution to the franchise value from both deposit insurance 

use in banking industry. 
2Other suggestions for dealing with the moral hazard problem not considered in the paper include: banks- 

risk-related insurance premium, requiring banks to issue subordinated debt (Wall (1989)), extending the liability 
of bank shareholders (Esty (1998)), and changing the insurance coverage to a system that provides coinsurance. 
Chan et al. (1992) and Freixas and Rochet (1995) analyzed the issue of deposit insurance fairly price and demon- 
strated that asymmetry of information may make the computation of fair premium impossible or undesirable 
from a welfare point of view. Nagarajan and Sealey (1997) question the effectiveness of subordinated debt, and 
of a system where banks acquire private coinsurance on at least a portion of their deposits in reducing banks' 
risk taking incentives due to deposit insurance. See Board of Governors (1999) for a review of the literature on 
subordinated debt and Merton and Bodie (1992) for a discussion on the effectiveness of these mechanisms in 
limiting banks' risk-taking incentives. 

84 



and asset rents3. 
Moreover, when the cost of capital is higher than the risk free rate, we show that, when 

there are deposit rents or asset rents, banks may optimally hold a higher level of capital than 

that required by regulators. This because, in the case when it is not optimal for the bank 

to increase the level of capital, capital requirements induce banks to switch from the riskiest 

strategy to an investment in the risky asset which is lower than the maximum allowed by capital 

requirements. 

Furthermore, if capital requirements are not binding but their introduction results in a 

systemic increase in the cost of capital (as suggested by Gorton and Winton (1999)) then, as 

demonstrated in the previous Chapter, banks may raise the risk of their portfolio. 

The results of empirical studies on the impact of capital requirements on bank behavior 

have been inconsistent. Our model may help to resolve some of these controversies since it 

suggests that empirical analysis should be carried out in a way that controls for environmental 

variables such as cost of capital and sources of rent. It is not sufficient simply to study the 

effects of changes in the composition of the bank portfolios. 

Continuing the analysis of the regulatory instruments on a "one-by-one" basis, an issue that 

has been largely neglected so far has to do with bank closure and the implications of allowing 

recapitalization by shareholders. We show that when shareholders have the option to provide 

capital to avoid bank closure (hereafter the "option to recapitalize") this possibility has a strong 

effect on portfolio choice and the disciplinary effect of the loss of the franchise value essentially 

disappears. 

The main implications of this finding are that, in some cases, the option to recapitalize may 

increase the probability of default (as already demonstrated by Suarez (1994)) and, in general, 

increases the value of deposit insurance liability. The reason for this is that banks fail less often 

but with larger deficits. With the option to recapitalize, the bank loses the ex-ante incentives 

to moderate risk that derive from the loss of the franchise value. Thus, there is an interaction 

between the prudential role of the franchise value and the form of closure rules. 

This result motivates to examine the extent to which capital requirements are able to mit- 

'The contribution of deposit rents to the franchise value may rather increase with capital requirements because 
the probability of default decreases. 
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igate the perverse effects of the option to recapitalize. We show that capital requirements are 

indeed able to reduce significantly the increase of the value of deposit insurance created by the 

option to recapitalize. 

Finally, we compare the threshold and option to recapitalize closure rules when capital 

requirements are given. The aim of this analysis is to compare the implications of capital ad- 

equacy rules with different closure rules on the probability of default and the value of deposit 

insurance. In practice, we have observed a convergence, in most countries, towards an interna- 

tional standard for capital adequacy regulation since the Basle accord of 19884. Interestingly, 

however, there has not been a corresponding standardization of closure rules. Since, as we show 

in the Chapter, different closure rules give rise to different ex-post payoff's to bank's shareholder 

and, therefore, ex-ante risk-taking incentive, this issue should not be neglected by regulators. 

We find that the more forbearing closure rule (the option to recapitalize) does not always 

generate a higher probability of default and a higher value for the deposit insurance liability 

than the threshold closure rule when portfolio behavior is constrained by capital adequacy 

rules. Again the relation between the two closure rules under capital regulation depends on the 

sources of the franchise value. 

The reminder of the Chapter is organized as follows. Section 2, contains a discussion of 

the related literature. In Section 3, we describe the current regime for capital regulation and 

extend the model described in Chapter 2 to analyze the implications of capital requirements for 

bank's behavior, the probability of default and the value of deposit insurance. In Section 4 we 

review the literature on the impact of capital regulation on portfolio choice and compare our 

theoretical predictions with the empirical evidence. Section 5 studies the effects of the closure 

rule based on the option to recapitalize in absence of capital requirements. Section 6 extends 

the previous analysis to include interactions between capital requirements and closure rules. 

Section 7 concludes. 

4The reason for this are many. First, the need to measure and monitor bank risk uniformly around the world 
given the increasingly global nature of bank operations. Second, the need to create a "level-playing field". 
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3.2 Related literature 

While a number of different regulatory instruments are used in the banking industry5, in this 

Chapter we focus on the individual and joint effects of (i) capital requirements, (ii) entry rules 

or deposit interest rate ceilings and (iii) regulatory monitoring (including closure policy)6. 
There is a considerable literature in finance that focuses on bank capital and capital stan- 

dards. In particular, this literature concentrates on capital regulation based on (i) capital ratios 

in determining capital requirements that are independent on asset quality (hereafter "leverage- 

based" capital requirements) and (ii) "risk-related" capital requirements, where the capital ratio 

reflect asset risk (hereafter "risk-based" capital requirements). The effect of capital regulation 

on banks asset portfolios has been extensively analyzed in the literature and conflicting answers 

have been provided. 

As already mentioned, starting with Jensen and Meckling (1976), the idea that capital and 

restrictions on the actions of shareholders/managers might be needed by lenders to protect 

themselves from equity holders has been discussed extensively in the theoretical corporate 

finance literature. In banking, the interests of the deposit insurance system parallel those of 

a private bond holder (Black, Miller and Posner (1978)). Earlier studies, such as Taggart and 

Greenbaum (1978), described the role of bank capital and what constitutes an "adequate" 

amount of capital. Capital can be viewed as the "deductible" in the government's insurance 

of bank deposits and it can provide risk-mitigating incentives for bank managers7. Better 

capitalized banks have generally been viewed as "safer"$. 

Kahane (1977) and Koehn and Santomero (1980) question the effectiveness of leverage-based 

capital requirements and demonstrate that higher capital requirements may induce a bank to 

increase its asset portfolio risk9. Moreover, Kim and Santomero (1988), using a mean-variance 

5See Freixas and Rochet (1997) for a classification. 
6A discussion of the seminal papers in banking regulation can be found in Dewatripont and Tirole (1993) and 

Freixas and Rochet (1997). 
7See, for example, Buser et al. (1981) and Dietrich and James (1983) for an analysis of how capital reduces 

bank risk-taking. 
'The special issue of Journal of Banking and Finance (1995) discusses the role of capital in banks. 
°Moreover, Blair and Heggestad (1978) demonstrate, again in a mean variance framework, that, even if in 

principle, portfolio asset regulation may reduce the probability of bank failure, its current implementation may 
produce perverse results. They suggest the use of the "probability of failure" and allow the bank freedom of 
choice within this board constraint. 
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model and both leverage and risk-based capital requirements, compare the bank's portfolio 

choice with and without a solvency regulation. They show that, in general, capital requirements 

will introduce changes in the composition of the risky part of the bank's portfolio in such a way 

that risk is increased and the probability of failure may be higher. They further show that this 

distortion disappears when regulators use "correct" measures of risk in the computation of the 

solvency ratiolo 

The validity of these results was questioned by Keeley and lurlog (1990) who pointed out 

that the framework employed by the earlier studies is inappropriate since the limited liability 

option is not recognized in the bank's objective function. They use the same framework as 

Kim and Santomero (1988) but now with limited liability and show that capital controls do 

not increase the risk of insolvency". However, again with a mean-variance framework, Rochet 

(1992) shows that when (i) the limited liability option is properly accounted for, (ii) market- 

based risk weights are used and (iii) banks are insufficiently capitalized, even if risk averse, the 

bank may still exhibit risk loving behavior and does not diversify its portfolio. This implies that 

it may be useful to add further constraints to the financial manager of the bank, perhaps e. g. 

in the form of leverage-based capital requirement12. The common feature of all these models is 

that they are static and assume that banks have an horizon of only one period. 

However, as already mentioned in the previous Chapter, it is important to consider also 

the long term perspective of banks and the importance of the role of the franchise value in 

moderating bank risk taking behavior has acquired credence after Keeley's (1990) empirical 

study. Subsequently, a number of authors have analyzed the joint effects of franchise value and 

capital requirements on bank portfolio choice. Using an exogenous franchise value Marshall 

and Venkataraman (1999) and Kupiec and O'Brien (1998) show that capital requirements can 

be effective in reducing the probability of default. 

10Rochet (1992) shows that the correct measure has to be market-based. 
"Moreover, Keeley and Furlog (1989), using a state preference model, demonstrate that a value-maximizing 

bank will not increase its asset risk under more stringent capital requirements. Gjerde and Semmen (1995) 

extend the approach of Keeley and Furlog (1989) by incorporating the requirements of the risk-based capital 
requirements and derive the optimal risk weights. They show that with no leverage constraint and suboptimal 
risk weights, risky based capital requirements are inferior to traditional leverage restrictions. 

12Furthermore, Besanko and Kanatas (1996) argue that enforcing a higher capital requirement may perversely 
result in greater risk exposure for the regulator. Their results follow from recognizing the effect of capital 
standards on effort-aversion moral-hazard, in addition to that involving the much analyzed asset-substitution 
moral hazard. 
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Hellmann et al. (2000) use an infinite horizon model where the franchise value is generated 

by deposit rents, to analyze the interaction between deposit interest rate regulation (interest 

ceilings) and leverage-based capital requirements 13. Dangl and Lehar (2000) develop a contin- 

uous time framework where the bank earns rents from deposits and uses this to compare the 

effects of different risk-based capital requirements on (i) the incentives they provide to solvent 

banks to reduce asset risk and (ii) their effects on the value of deposit insurance. 

While our approach is related to this branch of literature, our model has some important 

differences. We study the implications of risk-based capital requirements on bank portfolio 

choice taking into account that the sources of the franchise value may include asset rents. 

Moreover, we analyze those cases where it is optimal for the bank to increase capital in order 

to satisfy capital requirements and when it is optimal to reduce risk taking into consideration 

that the cost of capital may be higher than that predicted by the M&M proposition. 

Our. results show that, when the cost of capital is equal to the risk free rate, capital require- 

ments are justified in order to limit the probability of default and the cost of deposit insurance. 

Support for those results can be found in a number of empirical studies. However, the empirical 

literature on the effects of capital requirements on risk taking is inconclusive. We describe in 

details this strand of literature and the relation with the empirical predictions in Section 4. 

The other regulatory instrument that we analyze in this Chapter is bank closure policy. 

The importance of ex-ante incentive compatible closure rules as necessary tools to limit the 

extent of banks' risk taking behavior has been stressed in the literature (see e. g. Freixas and 

Rochet (1997)). Tough rules, such as the expropriation of the franchise value by regulators, may 

improve ex-ante control of bank risk-taking (Pennacchi (1987)), although in some models even 

ex-ante tough rules might be inefficient or encounter credibility problems (Mailath and Mester 

(1994), and Aghion et al. (1999)). Assuming that the franchise value is a random variable 

independent of bank portfolio choice, Acharya (1996) shows that leaving open insolvent banks 

with sufficiently large franchise values can be optimal. He also derives bank closure policies that 

regulators should adopt and that are based on the liquidation value of assets and the franchise 

"Lam and Chen (1985) analyze the joint effects of interest rate deregulation and capital requirements on bank 
portfolio adjustments. They show, using a static model, that with deregulation of interest ceilings, the costs of 
raising capital funds for commercial banks would become more volatile. Moreover, they find that, in response 
to more stringent capital requirements, a wealth maximizing bank may react by readjusting its asset portfolio 
possibly shifting its resource allocation towards more risky assets. 
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value. Assuming that the bank has subsidies on deposits, Bhattacharya et al. (2000) derive 

optimal closure rules in order to eliminate the incentives of levered banks to take excessive risks 

in asset portfolios14 

Suarez (1994) analyzes the implication for bank portfolio choice and the probability of 

default of allowing the recapitalization by shareholders. In this Chapter we extend Suarez's 

(1994) analysis in several ways. First we consider the implication of this closure rule (allowing 

recapitalization) on portfolio choice when the bank also earns asset rents. Second, we study 

the effects of this closure rule on the value of deposit insurance. We show that, when the bank 

earns deposit insurance or deposit rents, the main problem posed by this rule to regulators 

is not that the probability of default may increase but that, in general, the value of deposit 

insurance is higher. Third, we analyze the joint effect of the option to recapitalize and capital 

requirements. 

3.3 Risk-based capital requirements and bank's behavior 

In the early 1980's, as concern about the financial health of international banks mounted and 

complaints of unfair competition increased, the Basle Committee on Banking Supervision initi- 

ated a discussion on the revision of capital standards. An agreement was reached in July 1988, 

under which the new rules would be phased in by January 1993. The Basle accord of 1988 

explicitly considered only credit risk. It imposed an 8% capital requirement of risk-adjusted 

assets15. Following its introduction, the Accord has been fine-tuned to accommodate financial 

innovation and some of the risks not initially considered. For example, it was amended in 1995 

and 1996 to require banks to set aside capital in order to cover the risk of losses arising from 

movements in market prices. In 1995 the required capital charge was based on the "standard 

approach" similar to that applied to credit risk. The standard approach defines the risk charges 

associated with each position and specifies how any risk position has to be aggregated into the 

"'Other models that analyze optimal dynamic regulatory policy for closing banks are Acharya and Dreyfus 
(1989) and Fries, N1ella-Barral and Perraudin (1997). 

"Risk-adjusted assets are defined as a weighted sum of bank assets whose weights depend on asset risk 
buckets. See Cooke (1990) for the debate that led to the Accord and Basle Committee (1999) for the Accord 
and its amendments. 
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overall market risk capital charge. The amendment of 1996 allows banks to use, as an alterna- 

tive to the standard approach, their internal models to determine the required capital charge 

for market risk. The internal model approach allows a bank to use its model to estimate the 

Value-at-Risk (VaR) in its trading account, that is, the maximum loss that the portfolio is likely 

to experience over a given holding period with a certain probability. The market risk capital 

requirement is then set based on the VaR estimate". The main novelty of this approach is that 

it accounts for risk reduction in the portfolio resulting from hedging and diversification. 

When the Accord was introduced in 1988, its design was questioned because, among other 

things, (i) the capital ratio appeared to lack economic foundation, (ii) the risk weights did 

not reflect accurately the risk of the obligor and (iii) it did not account for the benefits from 

diversification. 

One of the main problems with the existing Accord is the ability of banks to arbitrage their 

regulatory capital requirements17 and exploit divergences between true economic risk and risk 

measured under the Accord. 

Given evidence of these shortcomings, together with the experience accumulated since the 

Accord was introduced, the Basle Committee considered a number of alternative approaches 

(Basle Committee (1999,2001)). Under one of these approaches, the internal rating-based 

approach, banks would assign to each borrower a rating based on their rating models and 

estimate the default probabilities for each of the rating. Regulators would then define a function 

to convert this vector of probability of default into the minimum required capital. 

Another approach, the full model approach, would extend to credit risk (and possibly other 

risks) the Accord's approach for market risk. Banks would need to develop a system to estimate 

(either independently or jointly) the probability density function of losses in all of the bank's 

business. The regulator would then set up capital requirements so that a given soundness 

objective, for example a minimum solvency standard, is met18. 

The bank in our model has a very simple balance structure and we can summarize all the 

"The capital charge for general market risk is based on VaR estimates calibrated to a 10-day, 99th percentile 

standard. In particular capital requirement is equal to the larger of the previous day's VaR estimate or the 

n60-days average VaR estimates times a scaling factor, which is usually equal to three. 
17In particular financial innovation made increasingly easier for banks to find "cosmetic" adjustments to boost 

their reported capital ratio without enhancing their soundness (Jones (2000)) 
lsSee Santos (2000) for a review of the literature on bank capital regulation. 
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different approaches using the following condition: 

kt > (1 + kt) f (wt, Q) =f 
(wt,, ) 

__ f. (wt, a) (3.1) 
1+f(wt, Q) 

with: 

Of (wt, or) 
>0 (3.2) 

8wt 

and: 

Of (wt, or) >0 (3.3) 
0o 

where f (wt, a) is a function of bank investment in the risky asset and risky asset volatility 

and it may be interpreted as either: (i) the capital requirements of 8% of risk-adjusted assets, 

(ii) the VaR calculation, (iii) the internal rating approach, or (iv) the full model approach. 

From formula (3.1) we induce the constrain for the decision variable wt, that is: 

wt < f. -l (kt, a) -w (3.4) 

where w represents the maximum investment in the risky asset allowed by capital require- 

ments for a given level of a. 

In our framework the benefits of Basle Committee (1999,2001) compared to current regu- 

lation are represented by a higher w if the bank invests in assets with high quality corporate 

credit, i. e. assets with low volatility. 

For optimal choices of wt constraint (3.4) may or not be binding depending on: (i) the 

franchise value, (ii) the volatility, (iii) the expected return of the risky asset, and (iv) the time 

to audit. When this constraint is not binding bank behavior is not influenced by regulation 

and bank's optimal strategies are those already described in the previous section. In particular, 

when capital is high and k> f�(1, a) - k° the bank is free to invest everything in the risky 

asset. 
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However, when k< k° the bank must reduce its investment in the risky asset or increase 

the level of capital. 

We consider first the case where the bank decides to reduce the risk exposure in order to 

satisfy capital requirements. That is, we continue to consider capital as exogenous. Later, 

we examine the case where capital itself is a control variable and the bank may decide ei- 

ther to increase capital or reduce the investment in the risky asset in order to satisfy capital 

requirements. 

3.3.1 Capital requirements and optimal investment in the risky asset 

In the first case the bank investment problem is: 

E arg max S(w'(k)) =E 
[C(w)l - kD(1 - 7r) (3.5) 

O<w<1 T+ 7r 

subject to: 

w<w (3.6) 

where w' is the optimal portfolio strategy with capital requirements. 

This constraint is never binding if: 

k> k' (3.7) 

or: 

w' =0 (3.8) 

or: 

WI <i 
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When these situations take place, w* = w*. Consequently, we concentrate on the cases 

where k< k° and w* > T. 

The solution of this problem depends on bank rents. We know from the previous section 

that the bank's optimal strategy depends mainly on the relation among a, r, k, and rd. 

From the previous section we know that if a=r= rd the optimal strategy is to invest 

everything in the risky asset. With the capital requirement constraint the optimal solution is 

on the boundary. 

PROPOSITION 3.1: if a=r= rd and k< k° the bank's optimal strategy is: 

w* =w (3.9) 

Proposition 3.1 says that when the bank earns no rent from either the asset or the liabilities 

(and therefore the franchise value is the deposit insurance) it must always reduce the investment 

in the risky asset in order to satisfy capital requirements. A second implication is that the 

franchise value decreases and so does the deposit insurance liability as expected by regulators. 
If the objective of regulators is to normalize the bank to a similar regulators desired likeli- 

hood of survival19, then, in this case, capital adequacy has to increase continuously in the risk 

of the asset, as suggested by the recent Basle Committee (1999,2001) proposal. 

When a=r> rd we know that the optimal strategy is w* =0 or w* = 1. Again with 

capital requirement constraint the optimal solution is a corner solution. 

PROPOSITION 3.2: if a=r> rd and k< k° there is no interior solution. Depending on 

the parameters, w* may be either 0 or w. 

Capital requirements in this case could induce the bank to switch from the risky strategy 

to the riskless. The intuition of this result is provided by Figure (3-1) 

The main consequence of this is that it could not be optimal for the bank to put all its 

capital at risk20 as before. Capital requirements reduce the franchise value generated by the 

19Greenspan (1998) discusses the setting of regulatory capital. Ile advocates that regulatory capital be set so 
as to keep bank default probability sufficiently low. 

20Bank capital is higher than what required by regulators. 
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F max inv. in 
the risky asset 

Franchisees%-' 
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0 1 
w 

Figure 3-1: Trade off between deposit insurance rents and asset rents under capital 
requirements 
This Figure shows the two components of the franchise value, asset rents and deposit insurance rents, for different 

investment in the risky asset when the bank has to satisfy capital requirements. 
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risky strategy; the latter could become lower than the franchise value produced by the riskless 

strategy. When it occurs, the bank's optimal strategy bands on the riskless side. As a first 

result: (i) a lower spread "r - rd" is enough to induce the bank to choose the riskless strategy 

and (ii) the critical deposit interest rate rd* at which the bank will select the riskless strategy 

increases with higher capital requirements (lower w)21. Second, when the capital is relatively 

high, the bank has a higher incentive to select the riskless strategy. Third, the value of deposit 

insurance decreases. Finally, capital requirements may induce the bank to select a likelihood of 

default that is lower than that imposed by regulators. 

When a>r= rd we know that an interior solution may exist since the first derivative is 

not always positive or negative. Different cases need to be considered in order to disentangle 

this case. 

PROPOSITION 3.3: if a>r> rd and w< w* <1 we have that w=T. If a>r= rd 

and w* =1 we have that 0< w* < T. 

Proposition 3.3 indicates that the optimal strategy could be (i) the maximum amount 

allowed by capital requirements or (ii) a local optimum w** which is only a second-best choice 

when w* = 1. However, with the constraint, the second best w** becomes the first best. An 

example is provided in Figure (3-2). 

Consequence of capital requirements is that the bank will switch from the corner solution to 

an internal solution characterized by an investment in the risky asset that it is lower than that 

allowed by capital requirements. As in the previous case it could be not optimal for the bank to 

put all its capital at risk. Again the franchise value, the probability of default and the deposit 

insurance decreases. It is interesting to note that, in this case, even if capital requirement 

reduces the franchise value, it does not allow the bank to increase risk22. 

Moreover, capital requirements based on Basle Committee (1999,2001) proposal would gen- 

erate a loss in terms of franchise value lower for banks that invest in high quality corporate 

credit. This implies that the new capital requirement rules allow banks to exploit asset rents 

21As demonstrated by Hellman et al. (2000) also the opposite is valid. In fact, when deposit rent is high, a 
lower capital requirement could be enough to induce the bank to switch from the risky to the riskless strategy. 

22Blum (1999) demonstrates that if capital requirement increases in the future (even only because volatility 
increases) this may increase bank asset risk taking since expected profits are lower and so the bank has less to 
lose in the event of bankruptcy. The same conclusion may apply to our model. 
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Figure 3-2: Optimal strategies with and without capital requirements when the bank 
earns rents only from assets 
This Figure plots the franchise value for different investment in the risky asset w where w is maximum investment 

in the risky asset allowed by capital requirements and w' is the optimal constrained choice. To generate this 

example we take the parameter values a= 6%, r= 5%, a= 10%, k= 10%, D= 100. 
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more than with the current regulation from high quality corporate credits without highly af- 

fecting their probability of default and the deposit insurance liability. Again, bank likelihood 

of default could be lower than that imposed by regulators. 

Remark 3.1 From the previous result we may argue that when a>r> rd or a=r> rd 

capital requirements may induce banks to reduce their investment in the risky asset and their 

likelihood of default under that desired by regulators23 and under the one optimally chosen by 

banks. This has a cost that has to be recognized in the trade-off between efficiency and cost of 

insolvency. 

Our analysis is only positive and not normative, however our results suggest that regulators 

has to consider carefully the implication of capital requirements when the bank earns rents 

from assets. In fact, the social benefits of the banks operations have also to be taken into 

consideration, i. e. the firms' benefit get from the banks' loans grant them. In fact, it is 

never efficient to require the banks to hold riskless assets (see Freixas and Gabillon (1999) for 

an analysis of optimal regulation, Bernanke and Lown (1991) for "credit crunch" generated by 

capital requirements, Blum and Hellwig (1995) for macroeconomic implications on bank lending 

and industry investment of capital adequacy requirements). 

When a>r> rd it is interesting to note that the optimal strategy is in line with the 

risk-based capital requirements: the investment in the risky asset increases increasing capital 

(as Figure (2-9) shows). This implies that capital requirements have a lower impact on bank 

behavior when there are both asset and deposit rents. 

Another interesting aspect is the effect of capital requirements on franchise value sources. 

We have already showed that franchise value decreases when capital requirements are binding. 

However, capital requirements affect the franchise value (and so the value of equity) in different 

ways. In fact, with capital requirements, the only source of the franchise value that remains 

unaffected are the deposit rents. Capital requirements reduce both underpriced deposit insur- 

ance rent and the possibility for the bank to exploit asset rents; as a consequence, because of 

capital requirements the reduction of the franchise value is high if there are also asset rents. 

23 In a market economy, the occasional failure of individual financial institutions is both expected and a healthy 

consequence of competition (Gupta and Misra (1999)) 

98 



Concerning the capital requirements parameters, summarized in our model with f (wt, Q) 

function, we observe from our numerical analysis that a change of such function affects in a non 

linear way the probability of default and the deposit insurance value. In particular, the effect 

is higher on the deposit insurance value than on the probability of default. This implies that 

even a small change in the confidence level for VaR or in the capital requirements coefficient of 

8% of risk-adjusted assets, may generate negligible effects on the probability of default but a 

relevant effect on the value of deposit insurance. 

Concluding, our results show that under threshold closure rule capital requirements are jus- 

tified in order to limit the probability of default and the cost of deposit insurance. Nevertheless, 

it could induce a probability of default lower than that desired by regulators. In addition, we 

demonstrate that banks may optimally held a capital higher than that required by regulators 

when there are deposit rents and/or asset rents. The empirical evidence in support of our result 

can be found in Jackson, Perraudin and Saporta (2001) who document that banks held capital 

higher than the regulatory minimum. It is sometimes suggested (Milne (2001)) that banks held 

higher capital to avoid the costs entailed in a breach. Alternatively, Jackson, Perraudin and 

Saporta (2001) argue that higher capital has to be maintained because of market pressure. Our 

analysis shows that the higher capital is optimally chosen by banks in order to preserve franchise 

value and because capital requirements do not allow banks to exploit the deposit insurance put 

in the short term. 

3.3.2 Capital requirements: the choice between reducing risk exposure and 

increasing capital 

As evidenced above, when the capital requirement constraint is binding the bank could decide to 

reduce the investment in the risky asset or increase the level of capital. The decision is obviously 

based on the comparison between marginal costs and marginal gains, that is the solution that 

maximize the franchise value. We analyze in this section the case without considering the cost 

of issuing new capital in order to satisfy capital requirements. 

The problem could be formalized in the following way. 

Ak = arg max (F(w* (k + Ak))) (3.10) 
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subject to: 

0<Ak<k°-k (3.11) 

The solution of this problem is again based on the first and second derivative. The first-order 

condition for Ak* is written as: 

OF 
aok lok-ok" 

=0 if0<Ak*<k°-k 

>0ifAk*=k°-k 

<0ifOk*=0 

whereas the second-order condition is: 

-55'S2 
lok_ok. <0 {if 0< Ok* < k° -k 

(3.12) 

(3.13) 

Again the solution of this problem depends on bank rents. When a>r> rd the bank will 

always increase capital. This is a feature of our model since in our framework the bank would 

like to become bigger and bigger. This result is generated by the assumption that the excess 

expected return is constant for every level of bank investment in the risky asset24. 

As we have already shown in Table (2.2), when a=r= rd without capital requirements 

the franchise value decreases increasing capital. Introducing capital requirements the maximum 

capital requirements corresponds at the level of capital equal to k° (Figure (3-3) provides an 

example). We obtain this result because for a level of capital lower than k° it is always optimal 

24We know that such assumption is quite at odds with reality. One potential extension of the model is to 

analyze the implications of an expected excess return function of the bank investment in the risky asset (as in 
Chan et al. (1995)). A useful specification is to assume that the expected excess return of bank risky asset 

portfolio is a concave function of portfolio asset value with a unique maximum. 
The reason of this is that the bank presents an economy of scale for a set of positive net present value loans. 

After a certain level, monitory costs increase exponentially since it is harder for the bank to find out other 
positive net present value loans. This specification is essentially a decreasing marginal productivity specification. 

With this formulation we have that the excess return initially increases and then decreases. Consequently, we 
have that it is no more optimal to increase capital or to invest everything in the risky asset when the level of 
capital increases. 
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Figure 3-3: Franchise value under capital requirements and bank optimal capital 
choice 
This Figure presents the franchise value for different levels of percentage capital k wherek° is the optimal capital 

choice when the bank earns only deposit insurance rents To generate this example we take the parameter values 

a=r= rd = 5%, a= 10%, f(wt, a)=8%. 
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to rise capital in order to increase the investment in the risky asset and consequently the asset 

volatility and the value of deposit insurance25. On the contrary, a rise in capital above k° 

reduces the value of deposit insurance rent since the asset volatility remains constant. 

In this case the bank increases the level of capital in order to satisfy risky-based capital 

requirements at the level of capital k°. It is worthy of note that when the only rent of the 

bank is the deposit insurance put, if the bank increases capital it increases the value of deposit 

insurance even if its probability of default does not change. In fact the bank (i) maximizes its 

franchise value that, in this case, is equal to the value of the deposit insurance and (ii) always 

satisfies the risky-based capital requirement constraint based on the Value-at-Risk approach 
(which guarantees a minimum solvency standard generally equal to a 99% probability of no 

default at any level of capital). 

However, the same level of probability of default does not mean the same value of deposit 

insurance. The introduction of capital requirements in this case effectively reduces the bank 

probability of default and the value of deposit insurance, nevertheless it provides an incentive 

to the bank to increase capital in order to increase its expected loss value. The intuition is that 

if the bank has to hold capital in order to take risk, it holds as much capital as it can in order 

to potentially incur in larger losses when losses occur26. 

This result is notable in large part because it runs against to the general finance literature 

who recognize that, starting from Merton (1977), in order to increase the option value of deposit 

25 Proof. 
We have: 

, 92F ý(1 + r)Dn(h2) e-a^ký 
- äk ök wý [r +1 -N(h2)1+ äF n(h2) Oýka 

_- 

e 

away; [r +1- N(h2)12 >0 

since: 

and: 

ak<o 

öh2 
>0 

Q. E. D. 
  

"This result is similar to that obtained by Basak and Shapiro (2001) for a utility maximizing investor who 
must also manage market risk exposure using a Value-at-Risk based risk management model. 
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insurance the bank has to increase leverage. Introducing Value-at-Risk capital requirements we 

show that when the bank reduces leverage it increases the value of deposit insurance. 

Remark 3.2 With rents only from underpriced deposit insurance, capital requirements induce 

the bank to reduce leverage in order to increase the value of deposit insurance. 

Moreover, our result suggests that with underpriced deposit insurance, a capital require- 

ments system has to be based also on the expectation of loss in order to remedy the shortcoming 

of Value-at-Risk capital requirements. 

The other case, that is when a=r> rd, is slightly similar to the previous one. The only 

difference is that, as evidenced in Proposition 3.2, if capital requirement constraint induces a 

switch from the risky strategy to the riskless, the bank will reduce the investment in the risky 

asset. Otherwise, the bank's behavior is the same described above with only deposit insurance 

rents. 

The possibility to increase capital in order to satisfy capital requirements shows that only 

the deposit insurance rent is affected by capital requirements. The bank can still exploit deposit 

and asset rents. This result is summarized in the following remark. 

Remark 3.3 When the cost of capital is r, capital requirements reduce the rent from deposit 

insurance, and leave unaffected the contribution to the franchise value from asset and deposit 

rents. 

This result implies that the reduction in the franchise value as a result of capital requirements 

is entirely attributable to the reduction in the subsidy to equityholders from underpriced deposit 

insurance and, not from either the loss of positive net present value lending opportunities or a 

reduction in the rents from deposits. 

The intuition is that the bank may increase capital in order to exploit asset rents. Clearly, 

the situation is different if we consider that the issue of capital, mainly to satisfy capital 

requirements, has a cost. We discuss this issue in the next section. 
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3.3.3 Cost of capital and capital requirements 

As already pointed out in the previous Chapter, it is frequently claimed in the literature, even 

for banks, that capital is costly as a result of asymmetries of information. Moreover, as Gordon 

and Winton (1998) suggest, capital requirements may increase the cost of capital even more. 

The introduction of a cost of capital higher than the risk free rate (p(k) > 0) in our model 

changes some of the results obtained previously. When there are deposit rents and p(k) > 0, 

the bank has a higher incentive to invest everything in the risk-free asset (and so reduce the 

required capital). In this case, increasing capital requirements, when capital is costly, induces 

a reduction of the investment in the risky asset. 

The contribution of asset rents to the franchise value is also affected by the cost of capital 

and, as already shown in the previous Chapter, with p(k) >0 the bank's incentive to increase 

the capital in order to exploit asset rents is lower. 

Remark 3.4 When the cost of issuing new capital is higher than the risk free rate, capital 

requirements reduce the components of the franchise value generated by both deposit insurance 

and asset rents. 

This result shows that the potential reduction in the franchise value resulting from capital 

requirements is generated by a the reduction in the subsidy to equityholders from deposit 

insurance and a lower contribution from asset rents. Depending on the relation between p(k) 

and a, the bank may either decide to increase capital or reduce the investment in the risky asset 

in order to satisfy capital requirements 27. 

A positive consequence of a high cost of capital is that, when there are only deposit insurance 

rents and the cost of capital is relatively high, the bank has a lower incentive to raise capital 

in order to increase the value of deposit insurance. Thus, a high cost of capital eliminates the 

perverse effect of capital requirements on the deposit insurance value described above. 

Moreover, if capital requirements are not binding but their introduction results in a systemic 

increase in the cost of capital (h la Gordon and Winton (1998)), then the bank may both reduce 

27Besanko and Kanatas (1996) show that, when capital requirement is binding, the possible decline in equity 
value (deriving from the issue of new capital) implies that less capitalized but solvent banks are unable to satisfy 
a market-based capital requirement. An attempt to raise its regulatory capital could lead to the perverse result 
of an even lower market value for its equity. In our analysis, in line with current regulatory practice, we do not 
consider market based capital requirements and focus only on capital requirements based on book value. 
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its capital (for example by failing to contribute new capital when there are losses) and, at the 

same time, increase the risk of its portfolio. Now, it is no longer optimal to replenish capital 

in order to avoid default. The consequence in terms of risk-taking behavior is that, with the 

same initial level of capital, the bank no longer chooses internal solutions (see Chapter 2) and 

attempts to exploit, as much as possible, the deposit insurance put. 

3.4 Capital requirements and bank's behavior: theoretical pre- 

dictions and empirical findings 

In this section we review the empirical evidence on the impact of capital requirements28 and 

relate this to the predictions of the previous literature and those of our model. We analyze 

in detail three main issues: (i) whether banks adjust their capital ratios to meet the require- 

ments by increasing capital or their investment in the risky assets, (ii) the impact of capital 

requirements on bank risk taking and (iii) the effect of capital requirements on the value of 

equity. 

Banks may satisfy capital requirements either by increasing capital or reducing the invest- 

ment in the risky asset. The empirical evidence on this point is controversial since many factors 

may affect the bank's risk-taking behavior. For example researches by Hall (1993), Haubrich 

and Wachtel (1993), Calem and Rob (1996), Thakor (1996) and others find that in the early 

1990s in US banks' need to meet capital requirements played a role in the switch from cor- 

porate lending to the investment in government securities. Furfine (2000) finds that changes 

in bank capital requirements are a necessary ingredient to explain the well documented shifts 

in US commercial bank portfolios and the rise in bank capital ratios. In contrast, Hancock 

and Wilcox (1993) provide evidence that US banks' own internal targets on capital ratios can 

explain the decline in private sector lending. 

Shrieves and Dahl (1992), Nigro and Jacques (1997), Aggarwal and Jacques (1997) and 

Rime (1998) provide some evidence that banks change the composition of their assets when 

they face a binding regulatory capital constraint, substituting away from higher risk-weighted 

assets. However, Ediz, Michael and Perraudin (1998) show that UK banks appear to achieve 

"For a useful summary of much of the empirical literature on this subject, see Basle Committee (1999) 
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adjustments in their capital ratios primarily by directly boosting their capital rather than 

systematically substituting low risk assets for corporate loans. 

Ediz, Michael and Perraudin's (1998) results are in line with the predictions of our model 

when the cost of capital is equal to the risk free rate. However, if capital requirements increase 

the cost of capital the bank may prefer to reduce the investment in the risky asset in order to 

satisfy capital requirements (independently of the sources of the franchise value). 

In reviewing the empirical evidence on the impact of the Basle Accord on bank's behavior 

the Basle Committee (1999) concludes that "when it is costly to increase capital, it appears 

that banks may adjust the composition or level of lending. The approach banks take to adjust 

capital ratios is likely to depend on the business cycle and the bank's financial situation". 

Analyzing the empirical evidence and our predictions our suggestion is that further empirical 

analysis on this subject has to be performed taking into account also other environmental 

variables and not simply the change in bank portfolio compositions. 

As we have already seen earlier, a number of theoretical papers have debated the effects on 
bank portfolio risk of imposing capital requirements (even if risk-based). Koehn and Santomero 

(1980) and Kim and Santomero (1988) show that capital requirements will in general lead banks 

not only to reduce the total volume of their risky portfolio, but also to recompose it, in such 

a way that their assets allocation becomes inefficient. As a consequence, it is quite possible 

that the failure probability of some banks may increase when the capital regulation is imposed. 

The validity of these results is discussed by Furlog and Keeley (1990) who remarked that the 

very source of the problem, namely the limited liability of banks, has been neglected so far 

in the portfolio model of Kim and Santomero (1988). Genotte and Pyle (1991) demonstrate 

that when the bank may invest in non-zero net present value risky assets leverage based capital 

requirements may increase the bank's risk taking incentive. 

Our results are, in general, in line with Keeley and Furlog (1989,1990); that is, risk-based 

capital requirements do indeed enhance bank safety. However, we do find some cases where 

capital requirements may promote greater bank risk taking. In particular, when there are asset 

rents, a change in the leverage constraint increases the bank risk taking incentive (as in Genotte 

and Pyle (1991)). Furthermore, if capital regulation increases the cost of capital, then capital 

standards may raise the bank's incentive to take risk since a lower discount factor reduces the 
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present value of future expected profits and may affect the trade-off between short term and 

long term profits (as already demonstrated in the previous Chapter)29. 

Papers that have attempted to measure the impact of capital regulation on risk-taking have 

so far failed to come up with convincing evidences either way as argued recently by the Basle 

Committee (1999). Furlog (1988) looks at data on 98 large US bank holding companies in 

the (pre-Basle) period 1975 to 1986 and, treating the banks equity as a call option, infers the 

volatility of bank assets by inverting the Black and Scholes (1973) formula. He uses the equity 

market capitalization as the call price and the volume of deposits as the strike price. Furlog finds 

that the asset risk measured in this way, compared with the earlier period, actually doubled in 

1981-86, the period of time in which banks faced leverage-based capital requirements. However, 

banks which were well-capitalized in 1981, before the capital ratio constraint was introduced, 

experienced the same rise in volatility as those which were not. This suggests that the analysis 

has to be performed conditioning on factors other than capital ratios. 

Sheldon (1996) performs a somewhat similar analysis of the equity and asset volatilities (as 

Furlog (1988)) over the period 1987 to 1994. His results suggest that bank asset volatility in US 

banks rose and that this was the case both for banks that increased their capital ratios and for 

those that did not. In Japan, asset volatility fell although most banks raised their capital ratios. 

Sheldon's own conclusion is that his results provide little evidence that the implementation of 

the Basle Accord increased risk-taking in bank portfolios. 

The empirical evidence concerning the issue of new capital in order to satisfy capital re- 

quirements is also controversial. Madura and Zarruk (1993) and Cooper, Kolari and Wagster 

(1991) find statistically significant negative abnormal equity returns for the period preceding 

the imposition of capital requirements for large banks in the US, Canada, the UK and Japan. 

Keeley (1988) and Cornett and Tehranian (1994) find that announcements of equity issues 

by banks that appear, by regulatory standards, to be undercapitalized result in stock price 

declines. However, both studies document a price decline for banks that seemed to be well 

capitalized. While Keeley (1989) finds that the price drop is greater for undercapitalized banks, 

Cornett and Tehranian report that the price decline is larger for better capitalized banks. Both 

29In this Chapter we do not consider the possibility to perform dynamic strategy. We will see in the next 
chapter that if we consider this possibility, then capital requirements may promote greater bank risk-taking. 
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studies interpret the issue of equity by the better capitalized banks as "voluntary". 

Laderman (1994) applies the Cornett and Tehranian analysis30 to a later period covering 

the implementation of risk-based capital requirements in the US. His results show that during 

the period between the publication of the risk-based capital requirements in early 1989 and the 

end of 1992, banks faced a statistically significant decrease in stock returns if they issued new 

stock. 
In summary the results of this large empirical literature are even non conclusive and it is 

partly because it is methodologically difficult to perform event studies on capital requirements 

introduction, namely: (i) change in capital requirement rule is one event and could be widely 

anticipated by bank industry, (ii) the decline in equity price issue is true not just for banks but 

for firms in general. Moreover, there also seems to be no consistency in the results between the 

different researches for undercapitalized and well capitalized banks. 

Our model has no particular prediction about this subject, because even if in general we 

may expect that capital requirements reduce the franchise value and so the value of equity, it 

is not dealing with asymmetries of information between insiders and outsiders. 

3.5 Closure rules and bank's behavior 

In the previous section we analyzed the implications of franchise value and capital requirements 

for bank's behavior. However, the regulator also has the opportunity to close the bank and to 

refuse the renewal of banking licence. Closure policy is an ex-post mechanism that serves to 

manage bank distress, but may also have a disciplinary effect on ex-ante actions. Throughout 

this Chapter and the previous one, we have considered the simple (but reasonable) closure rule 

under which banking authorities deny the renewal of the banking licence and close the bank if 

its net worth (asset value minus deposits) is negative at the end of a period, that is if the asset 

value is lower than the threshold point represented by the deposit value. This closure rule was 

shown to be an effective way to induce the bank to be prudent31 when the bank has a sufficiently 

"Cornett and Tehranian (1994) consider the period 1983-1989, Laderman (1994) the period 1989-1992. 
31In bank risk taking discipline the closure rule role has been recognized by the Basel Committee's proposal- 

second pillar. In particular one of its stated goals is "to enable early supervisory intervention if capital does 
not provide a sufficient buffer against risk". The idea of an early intervention can be used to fix a trigger point 
for interference in management and transfer of control from shareholders to the depositors' representative, the 
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high rent from the deposit side (monopoly or interest ceiling) and "partially" prudent when the 

rent derives from the asset side. In this section we show that this disciplinary effect of franchise 

value vanishes when closure rules change. The feedback effect of different closure policies on 

the incentives of bankowners to prevent financial distress warrants closer attention in particular 

given the fact that regulators employ a very rich set of rescue policies32 on the incentives of the 

bankowners to manage financial distress. 

We consider the case where the banking authority, instead of closing the bank33 or inter- 

vening and assuming contro134 (for equityholders this is the same as closing the bank), allows 

recapitalization by shareholders and renewal of the licence if shareholders guarantee payment 

in full to existing depositors35. 

Clearly the authorities may find recapitalization attractive since it avoids the bank closure36 

supervisory authority. An application of this insight is the prompt corrective action scheme in effect in the 
US since the passage in 1991 of the Federal Deposit Insurance Improvement act. The scheme defines a series 
of trigger points based on a bank's capitalization and a set of mandatory actions for supervisors to implement 

at each point. We leave the analysis of closure rules based on trigger points above deposit value to further 

researches. 
32See Dewatripont and Tirole (1993) for a comparison of rescue policies employed in the developed economies 

of the United States, Japan, and European Nordic countries. Legislation in general calls for increasingly strict 
sanctions against banks as their capital levels deteriorate (see for example the Prompt Corrective Action) but 
still permits some regulators discretion concerning the closure of banks. See also Gupta and, Misra (1999) for a 
review of failure and failure resolution in the US thrift and banking industries. 

, 33Dewatripont and Tirole (1993) state that a bank liquidation by the authority (as distinct from merge or 
consolidation) is observed primarily only in the US (average of 5,2% of failed banks) and is almost unknown 
elsewhere. 

34Dewatripont and Tirole (1993) state that this closure policy (where government recapitalizes the bank 

accompanied either with a nationalization or with the government taking a large stake in the bank) is very 
common in Finland (83,5%) and Sweden (86,3%) less in the US (24,8%) and Norway (30,2%). 

35A typical situation is where bank losses are covered by bank merges and acquisition. In our framework, it is 
the same if capital is replenished by old or new shareholders, the key point is that old shareholders do not lose 
the 100% of the franchise value. Dewatripont and Tirole (1993) state that this closure policy is very common in 
US (73,8%). 

Another rescue policy documented by Dewatripont and Tirole (1993) is the "open bank assistance" policy also 
called "bail out". In a bail out the bank liquidates the defaulted assets, the government covers the shortfall to 
the depositors whose claims are in default, and the bank is not closed. This rescue policy is assimilable to our 
closure rule if shareholders still maintain a proportional claim on the bank franchise value. It is also assimilable 
to the government takeover when the bank is completely nationalized. 

"The social cost of failure of a bank is perceived to be large. This social cost includes the costs of financial 
distress and economic distress (Berger et al. (1995)). The former is typically born by the bank's creditors and 
shareholders and hence internalized in their decisions. Nevertheless, some costs are only partially internalized 
like the loss of informational capital and the destruction of long-term relationships of bank borrowers, who have 
to find other lines of credit to continue their business. This effect has been emphasized by Bernanke (1983) in 
his study of the Depression of the 1930s. 

However some of the costs are completely external (see Guttentag and Zierring (1987)) such as (i) the disruption 
of the payment system (interrupting the clearing process, inducing perhaps a failure in interbank settlements, 
and contagion effects) and (ii) the failure of a bank carries bad news for another bank with a similar portfolio 
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and the claim on deposit insurance fund at that time. Nevertheless, as we show below, what 

we may observe is an increase of the unconditional probability of default and of the deposit 

insurance loss because the option induces a bank different (riskier) behavior37. 

Under this rule equityholders have an option to retain the banking licence. They will exercise 

this option when the amount of capital they have to contribute (LY =G+ (1 + k)D - At) is 

lower than the value of the equity (S) that is if: 

S>G+(1+k)D-At=T (3.14) 

or the rent at which they recapitalize is: 

F>D+G-At=Dt-At (3.15) 

that is when the loss is not so big to loose all the franchise value. 

This implies that the exercise price of such option is Dt - F, that is the value of deposit 

at the end of the period minus the franchise value, namely the net worth that equityholders 

continue to hold if the banking licence is renewed. In this case also the closure of the bank rely 

upon the solution of the optimization problem that depends on the closure rule. 
With this new feature, the shareholder cash flow is: 

At-Dt-kD if S> Dt+kD- At 
dt = (3.16) 

0 otherwise 

At the end of the period the shareholder payoff is max(S + At - Dt - kD, 0). Viewed at the 

beginning of the period the option to recapitalize is just a call. 
Using again dynamic programming we have that: 

and can trigger its failure. In summary, failure involves a large social cost, typically of systemic nature. 
37A similar analysis has been performed by Suarez (1994) with franchise value generated only form the deposit 

side. 
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S(w) _ (1 + r)-'E [d(w)] + (1 + r)-1(1 - 7r)S(w) (3.17) 
E [d(w)] 

(3.18) 
r+ir 

where it in this case is equal to Pr [S < Dt + kD - At]. Assuming again that the risky asset 

distribution is lognormal and constant portfolio proportion we have that the value of equity 

becomes: 

S(W) _ 
{(1 + k)elw(aý-T. )+r. ]N (hi) - [(1 + rd) + k] N (h2)} D 

(3.19) 
r+ (1 -N (h2)) 

where: 

h2 - 

In (Dt_ 
S(w _ko) 

(w(a, 
- r, ) r, -° 2'2) 

(3.20) 
Qw 

and: 

hi = h2 + ow (3.21) 

Intuitively, maintaining everything the same, the probability of default (7r =1- N(h2)) 

decreases with respect to the previous closure rule since the strike of the option is lower, and 

consequently N(h2) is higher. Unfortunately, the bank problem cannot be solved analytically 

(it has to be solved numerically by recursively interactions). Nevertheless, a solution does exist 

because the exercise price decreases on F. 

One interesting feature of this problem is that the trade-off between the short term profits 

and the long term profits is in some way relaxed since the probability of default is lower now. 

This implies that the bank has an higher incentive to increase short term profits, consequently 

a high incentive to rise the investment in the risky asset. 

LEMMA 3.1: When recapitalization is allowed (and F< D), the optimal policy for the 
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bank is the riskiest policy, irrespective of the sources of the franchise value38 

Proof. 

See the Appendix A. 

  

This result (already highlighted by Pennacchi (1987)39 and also provided by Suarez (1994) 

for deposit rents) has to do with the form of the payoffs associated to one-period decisions. 

Under the simple closure rule of the previous sections, the shareholder total payoff is given by 

the sum of value of equity S and the dividend cash flow d when the value of the asset is greater 

than liability (At > Dt), and 0 otherwise. Figure (3-4) represents the shareholder total payoff 

at the end of period t as a function of bank assets at that date. 

On the contrary, when recapitalization is allowed, shareholders total payoff is given by the 

sum of value of equity S and the dividend cash flow d when the value of the asset is greater 

than liability (At > Dt + kD - S), and 0 otherwise. Figure (3.5) shows the total payoff in this 

case. 

Comparing Figures (3-4) with (3.5) it can be seen that the difference between the two figures 

is in the range of asset value between Dt + kD -S and Dt. The non convexity of the total 

payoff (as a function of bank asset value) in the first case explains the shareholders' aversion 

to risk when F is high enough. Conversely, the convexity of the total payoff in the second case 

induces risk-loving. 

The option to recapitalize not only generates some changes on bank's optimal strategy , but 

has some implications also on (i) the franchise value, (ii) the market value of deposits (excluding 

the depositors' claim on the deposit insurance funds), (iii) the value of insurance liability, and 

(iv) the fair value of deposit insurance fee. 

38 It is important to consider that when the volatility is low and the spread r- rd is relatively high, any solution 
0< w' <1 is an optimal solution. 

39In particular Pennacchi (1987) demonstrates that banks were charged fair premia but failures were resolved 
through purchase and assumption transactions showed that banks would always prefer high leverage (risk) 

strategies, regardless of the size of their deposit margins (monopoly rents). Therefore banks with sizable market 
power who would have preferred lower leverage under a direct payments policy, will instead seek higher leverage 

under merger policy. 
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Figure 3-4: Shareholders payoff without the option to recapitalize 
This Figure shows the shareholders payoff at next audit time under threshold closure rule. 
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Figure 3-5: Shareholders payoff with the option to recapitalize 
This Figure shows the shareholders payoff at next audit time under option to recapitalize closure 
rule. 
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The impact of this closure rule on such variables in the four cases analyzed in this work are 

presented in Table (3.1). 

Table 3.1: Comparison between option to recapitalize and threshold closure rules 

This Table shows the impacts of the option to recapitalize closure rule (compared with the Threshold 

closure rule) on franchise value, the probability of default and the value of deposit insurance. Four cases are 
considered: (I) deposit insurance rents only, (II) deposit rents only, (III) asset rents only and (IV) asset and 
deposit rents. 

Cases F 7r VDI PDI 
(I) a=r=r +- +- 
(II) a=r>r + -/+ + -/+ 
(III) a>r=r +- -/+ - 
(IV) a>r>r + 

Table (3.1) compares the closure rule based on deposit threshold point with the option to 

recapitalize rule (threshold closure rule is considered as benchmark). This Table firstly shows as, 

with the option to recapitalize, in all the cases the franchise value increases. This result comes 

out since the option to recapitalize has a positive value and represents a further shareholders 

rent, or better an instrument for the bank to exploit widely bank rents. 

Second, when the rent is only the deposit insurance or loan rents we could observe a prob- 

ability of default reduction but an increase of deposit insurance. This means that the value 

of deposit insurance liability rises since the bank goes bust less often but with a large deficit. 

Third, when the rent is also generated from the deposit interest rate, the option to recapitalize 

goes against the ex-ante need to induce discipline with a (credible) threat of closure (as already 

partially evidenced by Suarez (1994)). The safe strategy of investing everything in the risky 

asset is not anymore optimal. This involves a potential increase of the probability of default of 

the bank (from zero to a positive value) and consequently an increase in the value of deposit 

insurance. Nevertheless, the bank exploits almost all deposit rents even investing everything 

in the risky asset. Fourth, in presence of loan rent again the bank always exploits all the rent, 

but the probability of default and the value of deposit insurance is lower. 

In practical terms, this section enters a caveat against a modification of the closure rule that 

might seem attractive for banking authorities. More concretely, once insolvency takes place, 

115 



the regulator may prefer the injection of capital by shareholders to its public involvement in the 

resolution of the crisis. These ex-post incentives to give shareholders the option to recapitalize 

go against the ex-ante need to induce discipline and, in some cases, rise the bank probability 

of default. 

Nevertheless, we would like to stress that the purpose of this paper is mainly positive and 

not normative. We need a rigorous welfare analysis in order to sustain that the option to 

recapitalize closure rule has to be avoided by regulators. Indeed, as already mentioned, the 

social benefits of the bank operations have also to be taken into consideration, i. e. the firms' 

benefit get from the banks' loans grant them. In fact, it is never efficient to require the banks 

to hold riskless assets. For this reason it is useful to stress that one of the main implications of 

such closure rule is that the bank will never invest something in the risk free asset and that in 

most of the cases the probability of default decreases. 

Our theoretical findings are in line with the empirical evidence. Boyd and Gertler (1994) 

provide evidence that during the US banking crisis of the late 1980's large banks took more risk 

than smaller banks. They argue that large banks were "too-big-to-fail" and thus the implicit 

insurance of their large deposits gave them more value from the deposit insurance put option. 

Furthermore, Demsetz and Strahan (1997) find that the risk reduction achieved through by 

diversification by large banks is offset by their lower capital ratios and larger fraction of loans 

in their asset portfolios40. Moreover, they show that capital ratios fall as size increases. 

In the previous Chapter we mentioned the results obtained by De Nicolö (2001) who finds 

that franchise value decreases with size while volatility and insolvency risk increase with size. 

Furthermore, he finds that large banks operating in countries with a larger explicit safety net 

appear to enjoy a subsidy that pushes up their franchise value. However, both medium and 

large banks operating in such countries exhibit lower insolvency risk than their peers operating 

in countries with a smaller explicit safety net. If we consider that large banks may be too-big- 

to-discipline adequately, tough ex-ante closure rules might also apply more credibly to smaller 

rather than larger banks. In fact, the theoretical predictions regarding the closure rule based on 

the option to replenish capital is consistent with this empirical evidence. Specifically, our model 

40They justify this result on the basis of the evidence of diversification benefits in the form of a positive 
relationship between size and diversification. 
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shows that when shareholders may replenish capital when the bank is insolvent, the bank takes 

more risk and has, ceteris paribus, a higher value of deposit insurance and a higher franchise 

value. 

furthermore, our theoretical results (as De Nicolö (2001) empirical findings) have impli- 

cations regarding the potential effects of bank consolidation on banks insolvency and value of 

deposit insurance. In fact, bank consolidation could be characterized by a reduction in tough 

ex-ante closure rules and potentially by a reduction in the franchise value as a result of the high 

cost of consolidation that, as has been pointed out, offsets efficiency benefits (see Berger et al. 

(1999) and Group of Ten (2001)). Hence, bank consolidation is likely to result in an average 

increase in (i) banks' portfolio volatility, (ii) banks' insolvency risk and (iii) value of deposit 

insurance. 

3.6 Capital requirements and closure rules 

In this section we would like to analyze the interaction between the different regulatory mech- 

anisms, such as closure rules and capital requirements, and franchise value sources discussing 

their implications on bank's risk taking behavior, probability of default and value of deposit 

insurance. 

We have demonstrated earlier that the disciplinary effect of the risk of losing the franchise 

value is lost when banks have the option to recapitalize. Accordingly, we examine first whether 

this problem can be mitigated by capital requirements. Second, we compare the effects of the 

two closure rules, threshold and option to recapitalize, under capital adequacy regulation. 

With capital requirements and the option to recapitalize rule, the incentive to invest ev- 

erything in the risky asset remains. This implies that, when k< k°, the constrained optimal 

portfolio strategy is: w' = U. 

Table (3.2) shows the effects of the introduction of capital requirements on franchise value, 

the probability of default and the value of deposit insurance when the bank has the option to 

recapitalize. 
From Table (3.2) we observe that, in all the cases, introducing capital requirements de- 

creases the franchise value and the probability of default of the bank and so do the value of 
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Table 3.2: Capital requirements effect when shareholders have the option to recap- 
italize 

This Table presents the impacts of capital requirements when shareholders have the option to recapitalize 
on franchise value, the probability of default and the value of deposit insurance. Four cases are considered: 
(I) deposit insurance rents only, (II) deposit rents only, (III) asset rents only and (IV) asset and deposit 
rents. 

Cases F 7r VDI 

(I) a=r=rd --- 
(II) a=r>r --- 
(III) a>r=r --- 
(IV) a>r>r--- 

deposit insurance liability and the fair price of deposit insurance fee. This suggests that capital 

requirements potentially mitigate the effects on probability of default and on the value of de- 

posit insurance liability generated by the option to re-capitalize when capital requirements are 

binding. In particular, when both deposit rents and leverage are high the bank may optimally 

decide to select the riskless strategy because of capital requirements. In fact all the strategies 

w*e [0, w] are optimal strategies; they generate the same franchise value. The intuition is that 

the asset volatility under capital requirements is too low to generate a valuable deficit higher 

than the deposit rent present value. 

In addition, as already mentioned above, when capital constraint is binding the bank could 

decide to reduce the investment in the risky asset or increase the level of capital. Under this 

closure rule the decision of reducing the investment in the risky asset or to increase capital is 

the same as with the threshold closure rule. When there are deposit rents the bank may decide 

to select the riskless strategy because of capital requirements. In the other cases it increases 

capital. This implies that even in this case the bank may hold higher capital than that required 

by regulators for its portfolio of assets. 

Following the Basle Accord of 1988, most countries have converged towards an international 

standard (supposedly a "level-playing field") by requiring uniform capital requirements. The 

primary motivation for this convergence has been the desire to create a uniform regulatory 

framework. Given the increasingly global nature of bank operations, regulators hope that this 

will assist them to better measure and monitor the risk of banks around the world. 
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However, even if an international capital adequacy regulation exists, closure rules are quite 

different across countries (Dewatripont and Tirole (1993)). For this reason, it is worthy to 

compare the two closure rules analyzed above when capital requirements are given41 

Table 3.3: Signs of the difference between option to recapitalize and threshold closure 
rule when capital requirements are given 

This Table compares the option to recapitalize effects with the threshold closure rule when capital require- 
ments are given on franchise value, the probability of default, the investment in the risky asset and the value 
of deposit insurance. Four cases are considered: (I) deposit insurance rents only, (II) deposit rents only, 
(III) asset rents only and (IV) asset and deposit rents. 

Cases F ir w VDI 
(I) a=r=r + -0+ 
(II) a=r>r + -/+ +/0 + 
(IV) a> r=r + - +/0 - 
(IV) a>r>r + +/- +/0 +/- 

Table (3.3) is similar to Table (3.1) and shows that capital requirements are not sufficient to 

generate a uniform risk-taking behavior among banks if they face different closure rules. With 

the option to recapitalize and under capital requirements the investment in the risky asset is 

higher than with the threshold closure rule, just as it is without capital requirements. However, 

in most cases, the difference is lower than without capital requirements. 

The impact of the closure rule on the probability of default and the value of deposit insurance 

depends on the sources of franchise value. First, from our numerical analysis we observe that 

only in the case when there are deposit rents it is possible for the threshold closure rule to 

generate a probability of default lower than with the option to recapitalize. 

However, in principle we may observe that the probability of default with the threshold 

closure rule might be lower than with the option to recapitalize when there are asset rents. The 

explanation is that capital requirements, lowering the franchise value, reduce also the states 

of the world where the bank may replenish capital if it is insolvent. Thus, because of capital 

requirements, when there are asset rents the default probability may be higher than with the 

threshold closure rule. 

41A similar analysis has been curried out by Acharya (2000) with exogenous franchise value in a general 
equilibrium framework. 
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Second, because of the perverse effect of the option to recapitalize (that induces the bank 

to default less often but with a larger loss), the value of deposit insurance with the option to 

recapitalize is higher than with the threshold closure rule in presence of deposit rents and/or 

underpriced deposit insurance (again the same is true without capital requirements). From 

the numerical comparison we performed we obtain that the main differences between the two 

closure rules in terms of probability of default and value of deposit insurance are in the presence 

of only asset rents. 

Concluding, the franchise value disciplinary effect applies only with the threshold closure 

rule. With the option to recapitalize closure rule the franchise value disciplinary effect is lost 

and the bank risk incentive can be mitigated with capital requirements. Nevertheless, the joint 

effect of franchise value, capital requirements and threshold closure rule is unable to generate the 

same probability of default as the joint effect of franchise value, option to recapitalize rule and 

capital requirements. In particular, one combination of capital requirements and closure rules 

never dominate the other in terms of the value of deposit insurance or probability of default. 

Again it depends on the franchise value sources. It seems that the option to recapitalize closure 

rule with capital requirements generates probabilities of default quite similar among each other 

compared to the threshold closure rule. However, the introduction of capital requirements with 

the option to recapitalized closure rule reduces less the probability of default and the value of 

the deposit insurance with respect to the case with the threshold closure rule. In fact, capital 

requirements reduce the bank asset volatility and so the probability of default but lower also the 

franchise value, and consequently decrease the incentive for shareholders to replenish capital. 

3.7 Conclusion 

In this Chapter we analyze the simultaneous effects of several regulatory policy instruments. 

Specifically we consider the disciplinary effects on (i) endogenous franchise value42, (ii) capital 

requirements, and (iii) closure rules. We find that the introduction of capital requirements 

never increases the franchise value and that the reaction of portfolio choice to changes in capital 

42 Franchise value is not a regulatory policy instrument itself. We consider the franchise value to the extent it 
is affected by regulatory measures such as barrier to entry and interest ceilings. 
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requirements is highly affected by the sources of rent and the cost of capital. 
The main result is that, when the cost of capital is equal to the risk free rate, capital 

requirements reduce the rent from deposit insurance and leave unaffected the contribution to 

the franchise value from asset and deposit rents. Nevertheless, we show that, with asset rents, 

capital requirements induce the bank to reduce leverage in order to increase the value of deposit 

insurance. The intuition is that if the bank has to hold capital in order to take risk, it increases 

its capital in order to incur in larger losses when losses occur. 

When the cost of capital is higher than the risk free rate, capital requirements may induce 

the bank to choose a strategy that is less risky than the maximum exposure allowed by its 

capital and the likelihood of default is consequently lower than that desired by regulators. This 

result is consistent with the empirical evidence reported by Jackson, Perraudin and Saporta 

(2001). 

Moreover, we argue that if capital requirements are not binding but their introduction 

results in a systemic increase in the cost of capital (ä la Gorton and Winton (1999)) then banks 

may increase the risk of their portfolio because the present value of future rents is lower. 

Empirical evidence on the impact of capital requirements on portfolio choice is controversial. 
Our results suggest that most of the empirical analysis has failed to take into account other 

factors such as cost of capital and sources of bank rents that we demonstrate have a strong 

effect on the impact of capital requirements on banks' behavior. 

Bank closure rules also have important implications for risk taking, in particular when 

shareholders are allowed to replenish capital in the event that the asset value falls below the 

value of deposit liabilities. In this case the disciplinary effect of the loss of the franchise value 

disappears and the banks portfolio choice is always the same, independently of the sources of 

franchise value. The effect is that, in most of the cases, the value of deposit insurance increases 

while the probability of default does the same only in a number of cases. The explanation for 

this apparent anomaly is that the bank fails less often but with a larger deficit. 

Our analysis demonstrates that the perverse effect of the option to recapitalize may be 

significantly reduced by capital requirements. The comparison of the threshold and option to 

recapitalize closure rules (when capital requirements are given) shows that the probability of 
default and the value of deposit insurance are different even under capital requirements. In 
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particular, one combination of capital requirements and closure rule never dominates another 

in terms of the value of deposit insurance and the probability of default43. Moreover, whether 

deposit insurance and probability of default are higher or lower under one closure regime or the 

other depends, once again, on the sources of franchise value. 

One of the objectives of the Basle Accord was to create a "level playing field" for interna- 

tional competition. Yet, if banks in different countries face different investment opportunity 

sets, closure rules, degrees of competition, and cost of capital, our results suggest that the 

effects of capital requirements on the probability of default and the value of deposit insurance 

will, in fact, not be the same across countries. 

93The "domination" means that one combination presents lower value of deposit insurance and lower probability 
of default than all the other combinations. 
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3.8 Appendix 

PROOF OF LEN MA 3.1: 

Assuming that the risky asset distribution is lognormal and constant portfolio proportion 

formula (3.17) implies that: 

S=(1+r)-1f 
t+kD-S 

(At-Dt-kD-S)f(At)dAt 

Clearly this is the value of a call option; increasing the investment in the risky asset the 

bank rises the volatility of the asset At and so the value of equity (i. e. the value of the call 

option). 

Q. E. D. 
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Chapter 4 

Bank Risk Management and 

Regulatory Policy 

4.1 Introduction 

Dynamic risk management plays an important role in financial institutions and the attention 

paid to this topic has grown substantially in recent years. However, almost all moral hazard 

models of deposit insurance take the underlying source of risk, namely, the volatility of the 

bank's assets, as exogenous, or even if chosen by the bank, fixed over time. The disadvantage 

of this static approach is that it does not recognize that banks will typically respond to changes 

in asset value and risk levels by dynamically adjusting portfolio compositions and leverage. 

Such dynamic behavior leads to changes of portfolio risk over time with consequent effects 

on the ability of the bank to exploit future rents, its probability of default and the value of 

deposit insurance. 

The aim of this Chapter is to address this important issue using a model that studies the 

implications of the sources of the franchise value on banks' dynamic behavior when shareholders 

are risk neutral and enjoy limited liability. 

To perform this analysis we extend the model presented in Chapter 2 and solve for the 

optimal dynamic investment policy for a risk neutral bank that may earn rents from different 

sources and is able to adjust its portfolio between audit times. The Chapter focuses on how 
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the bank's endogenous franchise value affects its incentive to take risk. 
The problem faced by the bank in this case is not simply to maximize the value of the put 

deposit insurance presented as in the static model proposed by Merton (1977). Here, the bank 

has an infinite horizon, faces multiple audits and may earn rents from different sources. Its 

objective function is the value of equity that embodies, as in the standard case, a long put (the 

deposit insurance scheme) but also a short call held by the regulators that represents the loss 

of the banking licence and so the franchise value in the event of default. Thus, in managing its 

portfolio the bank must trade-off the effects of changes in risk on the value of these two claims. 
On one hand, the put option makes the bank payoffs convex. However, we show that deposit 

insurance put does not always lead to greater risk in the value of the asset: when the asset 

value is low and the audit date relatively close, the bank moderates the asset risk. As the bank 

approaches the audit date and is close to the default thresholds, small changes in asset values 
lead to large shifts in portfolio holdings as the bank attempts to get "in the money" while 

remaining solvent. 
Our findings suggest that optimal portfolio strategies are highly affected by the sources of 

rent as are the probability of default and the value of deposit insurance. In particular, we 

observe that, in general, dynamic strategies reduce the probability of default but in some cases 

may increase it compared to static strategies. 

Furthermore, the opportunity to revise the portfolio between audits generally increases the 

franchise value and this increase is partially at the expenses of the deposit insurer. This last 

point is relevant in considering the role of innovations such as loan securitization and credit 
derivatives that increase the ability of banks to manage the risk of their assets over time. 

As already mentioned in Chapter 3, the recognition of the perverse incentives of flat rate 
deposit insurance has led a number of regulators to revise the design of capital requirements. 

Some authors (see Bessis 1998) have argued that risk-based capital requirements provide a 

major incentive for banks to develop techniques both to measure and manage risk since capital 

is a scarce and costly resource for banks. 

The effect of capital regulation on banks asset portfolios has been extensively analyzed in 

the literature and, as already described in Chapter 3, conflicting evidence has emerged. While 

the different authors emphasized different aspects of capital regulation, almost all neglect both 
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(i) the intertemporal effect of capital requirements and (ii) the possibility of dynamic portfolio 

management. 

The importance of the intertemporal effects of capital requirements has been illustrated by 

Blum (1999) in a two period model with exogenous franchise value. We obtain similar results 

when we introduce capital requirements into our model in the case the bank has an infinite 

horizon and where we take into account the risk taking incentives generated by the different 

sources of rent. 

When capital requirements are binding they limit the bank's investment in the risky asset. 
A significant contribution of this model is to show that, when they are not binding the bank 

may actually have a higher investment in the risky asset than without capital requirements. 
The explanation is that capital requirements may reduce the marginal benefit of preserving 
future rents and may therefore lead to more extreme portfolio positions. 

The effect of an increase in risk taking, when capital requirements are not binding, may 

raise both the probability of default and the value of deposit insurance. Again, we observe 

that the perverse effects of capital requirements on default probability and the value of deposit 

insurance are intimately related to the different sources of rent. Only when rents are limited 

to those from deposit insurance does our numerical analysis fail to find cases where capital 

requirements increase the probability of default and the value of deposit insurance. 

However, when there are asset or deposit rents, tightening capital requirements may actually 

increase (i) the bank investment in the risky asset, (ii) the probability of default and (iii) the 

value of deposit insurance. We find that with dynamic portfolio strategies and static measures 

of risk (even if based on Value-at-Risk) banks may have an incentive to increase rather than 

decrease risk. 

An increase in the audit frequency may reduce this undesirable effect but, in our numerical 

analysis, it appears that cannot eliminate it unless the frequency is very high. Even traditional 

leverage based capital requirements may help to ameliorate this problem. 

The remainder of the Chapter is structured as follows: Section 2 describes the related 

literature. Section 3 extends the model presented in Chapter 2 to include portfolio revisions. 
Section 4 characterizes the bank's optimal investment`decisions. Section 5 analyzes the dynamic 

portfolio strategies and presents the comparative statics. Section 6 examines the effects of 
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capital requirements on bank risk taking, the probability of default and the value of deposit 

insurance. Section 7 concludes. 

4.2 Related literature 

As already described in Chapter 2, the role of franchise value in creating incentives for banks to 

reduce risk has long been recognized in the literature. However, much of this literature assumes 

an exogenous franchise value and static portfolio composition. The other contributions that 

consider deposit rents as the main source of franchise value assume that the volatility of bank 

assets is (i) fixed exogenously (Merton (1978) and Bhattacharya et al. (2000)) or (ii) chosen 

only at audit times (Suarez (1994)). This approach does not recognize the possibility that 

banks may respond to changes in asset values by changing the composition of their portfolio. 

To the best of our knowledge, only one study, Ritchken et al. (1993), addresses this issue and 

that only partially. 

Ritchken et al. (1993) show that when is explicitly considered the option to adapt portfolio 

composition to changes in asset value (i. e. the flexibility option), extreme policies may no 

longer be optimal. However, they consider the franchise value to be exogenous and concentrate 

only on the impact of a dynamic strategy on the value of equity and on the bank's ability to 

exploit deposit insurance without analyzing in details the bank's optimal dynamic strategy and 

its implications for the probability of default. 

Our model represents the first attempt to determine jointly the bank's optimal dynamic 

strategy and the franchise value. While our analysis is similar to Ritchken et at (1993) it 

differs in three main aspects. First, we determine endogenously the franchise value. Second, 

the bank may also earns rents from its assets. Third, our objectives are more general, we study, 

with a dynamic model, the consequences of different sources of rent on franchise value, dynamic 

portfolio strategies, the probability of default and the value of deposit insurance. 

In this Chapter we also discuss the implications of risk-based capital requirements by dy- 

namic portfolio strategies. This issue was first considered by Blum (1999) who demonstrated the 

importance of taking into account the intertemporal effect of capital requirements and showed 
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that capital adequacy rules may increase a bank risk. Dangl and Lehar (2000) develop a con- 

tinuous time framework that allows banks to switch between two (fixed) asset portfolios with 

different risk levels and use this to analyze the risk taking incentives created by the building 

block approach of the Basle Accord and Value-at-Risk based capital requirements. 

While our study is closer in spirit to that of Blum (1999) and Dangl and Lehar (2000), it is 

more general in a number of aspects as discuss below. 

4.3 The model 

This Chapter investigates the implications of dynamic portfolio management for the franchise 

value, the probability of default and the value of deposit insurance. The model used builds 

upon the one presented in Chapter 2 and for this reason we keep our description of the model 

to its bare essentials. 

We make the following assumptions that differentiate the model used in this Chapter from 

the one used in Chapter 2. 

Portfolio revisions and investment choice: n portfolio revisions opportunities exist 

between each audit date. We set At = 1/n and the portfolio revisions date are therefore: 

t<t+At<t+20t<.. <t+(n-1)it<t+1. 

Let wt+jAt denote the percentage of the portfolio held in the risky asset at time t+ jAt 

and "1 - wt+iot" the percentage of asset invested in "the safe" security. In order to limit the 

level of leverage of the bank, we impose a no-short selling constraint (0 < wt+jAt < 1) on the 

risky and safe asset. The portfolio management strategy of the bank can be represented as a 

sequence of variables O= (Bo, 01, ..., B,, ) with Ot = (wt, Wt+ot, "", Wt+jAt, "", Wt+(n-1)ot) for all 

0<t< oo where Ot represents the strategy between audit and e the total bank strategy. 

Safe asset and Risky asset: the only difference is that the maturity is 1/n. R and r are 

respectively the gross random return and the return per period 1/n. 

Intertemporal budget constraint: Before each portfolio revision the asset amount allo- 

cated between the two assets is: 
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At+(. i+l)ot = [wt+iotR + (1 - wt+jot)(1 + r)) At+jot (4.1) 

The bank's asset value at the audit time t+1 is: 

At+i =E [wt+, iotR + (1 - wt+. iot)(1 + r)} At+. iot (4.2) 

j-o 

4.4 Optimal dynamic portfolio management 

The problem faced by the bank is to choose the optimal investment policy 0, (i. e. the percent- 

age "wt+j-ot" invested in the risky asset) that maximizes the value of equity: 

00 
0* E arg max So = 

Z(1 + r)-ntE [dt] (4.3) 
lot o t=1 

subject to: 

0< wt+jot <1Vtc [0, oo] ,VjE 
[0, n- 1] (4.4) 

This problem at any audit is time invariant because if the bank is solvent at time t>0, 

then, since the environment is assumed to be stationary after each audit, the problem faced by 

the bank is identical to that at time zero, if the bank is still solvent. If the bank is insolvent at 

time t>0 then the equityholders lose their banking licence and the value of equity is equal to 

zero. More formally: 

S (It) _ 
E+, (1 + r) '"9E [d3] if It =1 (4.5) 
Oiflt=0 

where It is an indicator function that is equal to one if the bank is open or equal to zero if 

the bank is close as described in previous chapters. 
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Moreover, the value of the solvent bank at each audit time is always the same and so 

constant since: 

(Stilt=1)=(Se+iI t+i=1)=SVt (4.6) 

The same applies to the bank optimal strategy, that is: 

(etIlt = 1) = (Bt+illt+i = 1) -0 `d t (4.7) 

However, whilst stationarity at each audit time, (4.3) is a dynamic problem because the 

existence of future rents affects the portfolio behavior of the bank in the current period and the 

portfolio management strategy between audits. 
Using dynamic programming we have that: 

St =max (1 + r)-' Et [dt+1 + St+1} (4.8) 
Bt 

that is: 

St =meax {(1 + r) "E [dt+l] + (1 + r) "E [St+l]} (4.9) 

Now, using formulas (4.5,4.6), we can write: 

E [St+l) = Pr [Ie+i = lilt = 1] S (4.10 

Indicating with ir the probability of bank insolvency, that is Pr [It+i = OIIt = 1] = 7r we 
have that Pr [It+l = lilt = 1] = (1 - 7r), and plugging formula (4.10) into formula (4.9) we get: 

S =Max {(1 + r)-"E [dt+l] + (1 + r)-n(1- 7r)S} (4.11) 
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Because of stationarity S is the same and also the strategy is the same. This equation is 

fully time and state independent at audit time so we can drop audit time indices and have: 

S =me (1 + r)-"`E [d (0)] + (1 + r)-"(1- it (B))S (0) (4.12) 

Unfortunately, we are not able to determine analytically the value of equity as in the case 

without portfolio revisions presented in Chapter 21. For this reason we re-formulate the problem 

and solve it numerically using dynamic programming. 

Using equation (2.23) in Chapter 2, that is: E [d (0)] =E [C(B)] - kD(1-7r(B)) and S (0) _ 
kD +F (0) we can reformulate our problem as 

S =me (1 + r)-" {E [C(B)] - kD(1 - 7r(0)) + (1 - ir(0)) (kD +F (0))} (4.13) 

that is: 

S= max (1 + r)-" {E [C(9)] + (1 - ir(9))F (9)} (4.14) 
B-{jatIj 

j=0 

From this formulation we have that (1 + r)-n {(1 - 7r(O))F (B)} is the expected value of a 

cash-or-nothing call held by shareholders with final payoff: 

y_ 
F(O), if At > Dt 

(4.15) 

10 otherwise 

where (1 - 7r(O)) is the probability that the bank does not lose the franchise value, i. e. that 

the option finishes in the money. 

'The determination of the optimal dynamic policy between audit is not so easy because we cannot use the 
classical approaches applied to optimal portfolio choice in a discrete multiperiod model. In fact, our objective 
function does not satisfy the classical necessary conditions, in particular global concavity in the objective function. 
We have the same problem in Chapter 5 with random audit. 
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The objective function is characterized by the trade-off between (i) the bank's desire to 

increase the expected value of the capital (and so short term expected dividend and long term 

conditional expected dividends) by increasing the investment in the risky asset, and (ii) its 

desire to increase the expected franchise value by increasing the probability that the audit 

capital at audit times t is positive by reducing the investment in the risky asset. 

In order to solve the problem we consider firstly the franchise value as exogenous (FE) and 
determine S* and secondly we calculate recursively the franchise value which guarantees that: 

FE = S(O*) - kD 

The problem with the exogenous franchise value is: 

(4.16) 

S =me (1 + r)-n {E [C(O)} + (i - 7r(O))FEl (4.17) 

subject to: 

O<wjot<1VjE[O, n-1] (4.18) 

A(i+i)ot = [wjOtR + (1 - wjAt)r] A. iot (4.19) 

Thereafter we drop also the At time interval and indicate the portfolio rebalance points just 

with j. 

Problem (4.17) objective function payoff at time 1 before the cash-flow payment is the same 

as that presented in Chapter 3 Figure (3-4). 

From that Figure it is interesting to observe that the franchise value generates a discontinuity 

in the objective function. Moreover, the objective function payoff is no longer globally convex, 

as in Merton (1977) and it is not globally concave, as in the standard portfolio approach. 
It turns out that a negative shock has two counteracting effects on banks' risk incentive. 

On the one hand, it aggravates the moral hazard problem of debt financing. The reason is that 
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a negative shock reduces short term profit, which constitute an implicit bank capital. Hence 

lower capital implies that bank owners have less to lose on a risky strategy (as in Holmstrom 

and Tirole (1993)). On the other hand, a negative shock increases the expected bankruptcy 

costs (that is, the probability to loose the franchise value). 

The Bellman equation for the optimal contingent policy's value function 2 reads: 

J, (A. i) = max E[(1 -f- r)-i J(A. i+i)I A. i] (4.20) 

s. t. Aj+1 = [wjR+(1-wß)(1+r)]Aj 

0< wj<1 

with the boundary condition: 

Jn(A,, )= 
An - Dl+FE, if A, >Dl 

(4.21) 
0 otherwise 

where Jj(Aj) is the maximal value of equity of the bank at time j if the bank follows an 

optimal portfolio policy thereafter. The optimal initial value of equity Jo(Ao) can be obtained 

by solving equation (4.20) recursively. 

The unknown function which solves the finite horizon stochastic dynamic problem (4.20) 

is not generally available in closed form, but can be characterized numerically. The algorithm 

used to solve the problem is described in details in Appendix A. 

4.5 Bank's optimal portfolio management: numerical results 

In this section we describe the main features of the optimal portfolio management policy and 

how the source of rents affects the bank's behavior. 

2J3(Aj) is the maximal equity value of the bank at time i if the bank follows an optimal portfolio policy 
thereafter. 
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We have seen in Chapter 2 that with no opportunities for portfolio revisions the optimal 

portfolio decision is always at its upper or lower bound if the bank earns rents from deposits 

or deposit insurance. We also find that, in presence of asset rents, an interior optimal solution 

is possible. In this section we use an example to show that if an opportunity to revise the 

portfolio exists prior to the audit date, then internal solutions may be optimal for any of the 

sources of rent. Ritchken et al. (1993) have already demonstrated that portfolio decisions may 

not be at a corner in presence of an exogenous franchise value and flat-rate deposit insurance. 

Here, we extend their results to include endogenous franchise value and asset rents. To see why 

this holds, we extend Ritchken et al. (1993) simple example to accommodate on endogenous 

franchise value. Let the current values of bank's deposits and assets be 99 and 100 respectively. 

For simplicity, we assume that the risk-free rate and the deposit rate of return are both zero 

and the risky asset returns are either 20% and -20% in the next two periods. The probability 

of an up move in each period is 0.5. This means that neither deposit or asset rents is present 

and the bank earns rents only from deposit insurance. The bank can revise its portfolio at the 

beginning of each period and the audit is every two periods. 

Table (4.1) shows the franchise values associated with some alternative values for w in period 

one, followed by optimal decision in period two. The optimal decision in period two is a corner 

solution3 and depends on the asset value at the beginning of the period4. It is apparent that 

given an initial strategy wo =0 (or wo = 1) the ability to switch decision in the next period 

is valuable. However, the strategy wo* = 0.875 followed by optimal decision in the next period 
leads to a higher endogenous franchise value. 

This result is consistent with our analysis that assumes the gross return of the risky asset is 

lognormally distributed. However, an internal optimal emerges only when the volatility is high 

and the level of capital is quite low5. In all the other cases the optimal strategy is, once again, 

characterized by corner solutions. In particular, when the time to audit is long, the optimal 

strategy is to invest everything in the risky asset. When the next audit is close and the asset 

3With strategy (a) the optimal solution in the up state is not unique but all the values of wE [0,0,875] 
are optimal solutions. With strategy (b) in the up state all the values of wE [0,1] are optimal solutions. With 
strategy (c) in the up state all the values of wE [0,0,787] are optimal solutions. 

"The optimal decision in period two is a corner solution since in this case the decision is the same as the 
problem with no portfolio revision. The fact that there are only corner solutions has been demonstrated by 
Marcus (1984) and Ritchken et al (1993). 

'Even with lognormal distribution, in the high state all the values wE [0,1] are optimal solutions. 
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Table 4.1: Comparison of extreme strategies with an interior strategy 

This Table shows the franchise value associated with three different strategies. The parameters used are: 
D= 99, A= 100, r= rd =0 and the risky asset returns are either 20% and -20% in the next two periods. 
The probability of an up move in each period is 0.5. This means that the bank earns only deposit insurance 
rents. The bank can revise its portfolio at the beginning of each period and the audit is every two periods. 
The Table presents three strategies: (a) optimal decision in period two and total investment in the risky 
asset in period one, (b) optimal decision in period two and total investment in the risk free asset in period 
one and (c) optimal decision in period two and interior solution in period one. 

Strategy Period 1 Period 2 Franchise Value 
WO wi 

(a) 10 in upstate 19 
1 in downstate 

(b) 00 in upstate 19 
1 in downstate 

(c) 0.875 0 in upstate 33 
1 in downstate 

value is low it is optimal to continue to invest everything in the risky asset; for a high asset 

value it is optimal to switch to the riskless strategy. 

In presence of high deposit rents, the optimal strategy is to invest everything in the riskless 

asset. In this case the opportunity for portfolio revisions is not valuable. In the other cases the 

strategy is the same as with only deposit insurance rents. 

However, the optimal strategy may be quite different in the presence of asset rents. In this 

case, the optimal portfolio decision may not be at a corner in both periods one and two6. To 

provide the intuition for this result we modify the previous example to include asset rents and 

assume that the risky asset returns are either 21% or -20% in the next two periods. Table (4.2) 

presents the franchise values associated with three cases: (a) corner solutions in both periods 

one and two, (b) a corner solution in period two and an interior solution in period one and (c) 

interior solutions in both periods7. 

The Table shows that the strategy (c) with an interior solution in both periods leads to a 
higher endogenous franchise value than the other two strategies characterized respectively by 

'Appendix B presents a detailed demonstration of this. 
7In this case with asset rent we do not observe as in the previous case that the optimal solution in the up 

state is not unique. 
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Table 4.2: Comparison of extreme strategies with an interior strategy when there 

are asset rents 

This Table shows the franchise value associated with three different strategies. The parameter used are: 
D= 99, A= 100, r= rd =0 and the risky asset returns are either 21% and -20% in the next two periods. 
The probability of an up move in each period is 0.5. This means that the bank earns asset rents. The 
bank can revise its portfolio at the beginning of each period and the audit is every two periods. The Table 

presents three strategies: (a) corner solutions in both periods one and two, (b) a corner solution in period 
two and an interior solution in period one and (c) interior solutions in both periods. 

Strategy Period 1 Period 2 Franchise Value 

wo W1 

(a) 1 0 in upstate 
1 in downstate 

20 

(b) 0.905 0 in upstate 
1 in downstate 

36.11 

(c) 0.905 0.84 in upstate 
1 in downstate 

37.11 

(a) corner solutions in both the periods and (b) (optimal) interior solution only in the first 

period. 

Second, the optimal investment in the risky asset in the first period is higher than that with 

no asset rents. If we compare the optimal strategy with only deposit insurance rents with the 

initial optimal strategy with asset rents we observe that the investment in the risky asset is 

almost always higher. This comes about because the bank earns a super-normal return from 

the investment in the risky asset and, at the same time it is able later to mitigate the likelihood 

of bankruptcy. This result is consistent with our analysis that assumes the gross return of the 

risky asset is lognormally distributed as in the previous case. A detailed illustration of how the 

opportunity for portfolio revisions affects behavior in the presence of asset rents conditional on 

the asset value and the time to audit is shown in Figure (4-1). 

Figure (4-1) shows that with a dynamic strategy, and for the range of parameters considered, 

the optimal strategy has one of two forms. When the time to the next audit is long it is optimal 

to invest everything in the risky asset in order to earn the expected excess return on the risky 

asset. For smaller values of the time to audit and when the value of the asset is greater than the 

value of the liability the optimal strategy is consistent with the binomial example above and it 
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Figure 4-1: Bank optimal strategies when the level of capital is 5% 
This Figure plots four optimal strategies when the bank earns asset rents. We consider an audit frequency of 

one year. The three strategies presented are after respectively 1,6,8 and 11 month of the last audit, that is 11, 

6,4 and 1 month before the next audit. The parameters used are: D= 100, k= 5%, a= 6%, r= rd = 5% 

o= 10%. 
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is "less aggressive" in order to preserve the franchise value. The Figure also shows that for some 

values of leverage the optimal strategy is to invest everything in the riskless asset. However, for 

a non trivial range of leverage values the optimal solution is an interior solution. The second 

observation is that, when the level of the assets is high (and consequently the probability of 

default is low) even though the bank has a positive franchise value to preserve, it nevertheless 

invests entirely in the risky asset. Thus, when the probability of default is low the fact that 

a>r means that the bank has a strong incentive to invest in the risky asset. This aspect is 

reinforced because the flexibility provided by the dynamic portfolio policy allows the bank both 

to take advantage of the higher expected return on the risky asset, and, by managing the risk, 

of the portfolio to preserve the franchise value. 

This result contrasts with those obtained by Marcus (1984), Furlog and Keeley (1987), 

Ritchken et all. (1993) and Marshall and Venkataraman (1999) where high solvent banks 

optimally choose low-risk portfolios to ensure continued solvency. Clearly, this result derives 

from the assumption of only zero net present value risky assets (Ritchken et all. (1993)) or 

no portfolio revisions (Marcus (1984), Furlog and Keeley (1987), Ritchken et all. (1993) and 

Marshall and Venkataraman (1999)). However, as we show in Figure (4-2), when the level of 

capital increases, the bank has the incentive to perform safer strategies. 

In fact, if we increase the level of capital we observe that the bank strategy is safer than 

that presented in Figure (4-1). 

Figure (4-2) shows that when the time to the next audit is long and the level of capital is 

relatively high, it is optimal to preserve future rents and so perform a strategy safer than with 

a level of capital equal to 5%. 

The evolution of the value function Jj(Aj) is presented in Figure (4-3). 

From Figure (4-3) it is interesting to note that one step before the audit the objective 

function has a kink . To the left of the kink the objective function is convex and to the right 

it is linearly increasing. Close to the kink it is concave. This shape intuitively accounts for the 

strategy described above. For very high asset values, i. e. when the bank is highly solvent, the 

bank is locally risk neutral and the optimal strategy is to invest the portfolio entirely in the 

risky asset. Close to and on the right hand side of the kink the objective function is concave 

and therefore the bank is locally risk averse and reduces its investment in the risky asset. The 
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Figure 4-2: Bank optimal strategies when the level of capital is 10% 
This Figure plots four optimal strategies when the bank earns asset rents. We consider an audit frequency of 

one year. The three strategies presented are after respectively 1,6,8 and 11 month of the last audit, that is 11, 
6,4 and 1 month before the next audit. The parameters used are: D= 100, k= 10%, a= 6%, r= rd = 5%, 

a= 10%. 
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Figure 4-3: Value function Jj (Aj) 
This Figure plots the value function when the bank earns asset rents. We consider an audit frequency of one 
year. The four value functions presented are respectively 1,6,8 and 11 month after the last audit, that is 11, 
6,4 and 1 month before the next audit. The parameters used are: D= 100, k= 5%, a= 6%, r= rd = 5%, 

a= 10%. 
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bank's strategy here has similarities with the dynamic hedging strategy also known as portfolio 
insurance8. 

Portfolio insurance strategies consist of taking a long position in the risky asset and, at the 

same time, replicating a put option. The resulting strategy involves buying when the price 

increases and selling when the price decreases. Following this strategy, and by selecting an 

exercise price higher than the minimum desired risky capital the bank can protect itself against 

violation of the solvency condition and therefore guarantee a positive franchise value. 

However, when the asset value is substantially lower than the kink, the bank is locally risk 

loving and so it is always optimal for the bank to choose the highest level of risk available. 

In the case where we have all the three sources of rent interior solutions are always optimal 

for some set of asset values. However, investment in the risky asset is higher, in general, than 

in the case with no portfolio revisions. 

4.5.1 Comparative statics of bank portfolio management 

In this section we examine the impact of portfolio management decisions on franchise value, the 

probability of default and the value of deposit insurance. As shown above, the bank's behavior 

is affected by the different sources of the franchise value even when the bank has the option to 

revise its portfolio before audit. 

As before, we consider three possible sources of rent: (i) a positive net present value risky 

asset, (ii) an underpriced deposit insurance, (iii) a deposit rate lower than the riskless rate. We 

deal with four potential combinations of rents as described in Table (2.1) in Chapter 2. 

Portfolio management and policy variables 

To analyze the main implications of the option to revise the portfolio on policy variables (e. g. 

franchise value, the probability of default and the value of deposit insurance) we consider as a 

base case the model with no portfolio revisions presented in Chapter 2. 

'Portfolio insurance strategies have been studied by Brennan and Schwartz (1989), Vila (1989), Grossman 
and Zhou (1996). 
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Table (4.3) shows the effect, compared to the base case presented in Chapter 2, of introducing 

portfolio revision on the franchise value, the probability of default and the value of deposit 

insurance. 

Table 4.3: Comparison between dynamic strategies and no portfolio revisions 

This Table compares dynamic strategies with no portfolio revisions between audits on franchise value, the 
probability of default and the value of deposit insurance. Four cases are considered: (I) deposit insurance 
rents only, (II) deposit rents only, (III) asset rents only and (IV) asset and deposit rents. 

Cases F 7r DIV 
(I) a=r=rd + - + 
(II) a=r>r +/0 0/-/+ 0/+ 
(III) a>r=r + -/-}- +1- 
(IV) a>r>r + -/+ +/- 

Table (4.3) shows that, except for case (II), portfolio revision increases the franchise value. 

Using numerical analysis we find that only when deposit rents are very high (case II) and the 

number of portfolio revisions low dynamic portfolio management strategies do not increase the 

franchise value. 

The second observation is that the effect of portfolio revision on the probability of default 

depends on the sources of rent. Dynamic portfolio management strategies mitigate the likeli- 

hood of bankruptcy when there are rents only from underpriced deposit insurance. However, 

with deposit rents, the probability of default may be higher because the riskless strategy is no 

longer optimal. 

The third and most significant result is that the increase of the franchise value is obtained 

partly at the expenses of the deposit insurer. In fact, portfolio management policies are able 

to modify the asset distribution so that the bank defaults less often but with a large deficit. 

This result has been already highlighted by Ritchken et al. (1993) who considered a model 

with exogenous franchise value. We find that this effect also applies when the franchise value 

is determined endogenously and the sources of rent are: underpriced deposit insurance and 

deposits. However, if we also consider asset rents, dynamic portfolio strategies may not increase 

the value of the deposit insurance and the probability of default. In fact, dynamic portfolio 
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strategies allow the bank to exploit asset rents while maintaining a low probability of default. 

Indeed, in general, we find that the probability of default is lower than that obtained without 

asset rents, since the mean of asset distribution is higher. A direct implication of this result 

is that dynamic policies modify not only the probability of default but also the value of future 

rents. 

In summary, empirical estimates of the value of deposit insurance may be understated or 

overstated if they ignore the effects of portfolio revision and rents. The effect of portfolio revision 

on the value of deposit insurance depends on the sources of the franchise value: only with the 

underpriced deposit insurance rents is the increase in the franchise value derived entirely at the 

expenses of the deposit insurer. 

The results presented above are broadly in line with the empirical evidence. De Nicolö (2001) 

finds that banks operating in countries with more extensively developed financial markets ex- 

hibit higher franchise values and lower insolvency risk than banks operating in less developed 

environments. This suggests a positive externality of financial markets on bank intermediation. 

The author, in line with our empirical predictions, states that a potential interpretation of 

this result is that more developed capital markets provide more extensive portfolio manage- 

ment opportunities not only in terms of diversification but also in terms of dynamic portfolio 

strategies. 

Bank competition and leverage 

Following our discussion in Chapter 2, it is interesting to analyze whether the introduction of 

dynamic portfolio strategies affects the impact of changes in competition and capital structure 

on the policy variables (e. g. franchise value, the probability of default and the value of deposit 

insurance). 

Our numerical analysis shows that the effects of a change in the asset spread "a - r" and 

the deposit spread "r - rd", be generated by a change in the competition of the loan or deposit 

markets, are qualitatively consistent with those we observed in Chapter 2. For this reason we 

concentrate solely on differences that derive from the option to revise the portfolio. Although 

we are unable to derive analytically the comparative statics, the numerical examples suggest 
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that a change in the deposit spread generally produces a smaller effect on the probability of 

default and a larger effect on the franchise value than without portfolio revision. In contrast, 

the value of deposit insurance may change more with portfolio revision than without. A change 

in asset spread has a larger effect on the franchise value, the probability of default and the value 

of deposit insurance with portfolio revision. 

The intuition for this result is that portfolio revisions allow the bank to preserve future rents 

better, as a consequence lower future rents have a higher effect on the franchise value. For this 

reason, arithmetical but even proportional franchise value changes are higher. This affects also 

the probability of default and the value of deposit insurance. In practice, it seems reasonable to 

assume that banks will take advantage of opportunities to manage their portfolio dynamically. 

However, this raises the question to regulators that changes in competition in deposit and loan 

markets have effects on the deposit insurance and, moreover, bank portfolio revision makes this 

issue more relevant. 

The effect of a change in the level of leverage is also qualitatively consistent with the results 

presented in Chapter 2. The main differences are associated with deposit and asset rents. In 

presence of deposit rents and with portfolio revisions, we do not observe a level of leverage 

where the bank switches from the risky to the riskless strategy. Portfolio insurance strategies 

allow the bank to preserve future rents without investing entirely in the riskless asset. 

Compared with the case of no portfolio revision, an increase in capital results in a smaller 

reduction in the franchise value in presence of underpriced deposit insurance or deposit rents 

and a larger increase in the franchise value when there are asset rents. In the limit, when the 

bank holds a very large capital buffer and portfolio strategies are the same as in those without 

the opportunity for revisions, risk management concerns no longer enter investment decisions. 

With portfolio revisions the probability of default is a smooth and decreasing function of 

capital. We note three points in particular. First, we do not observe the jump in the probability 

of default when capital increases as in the case without portfolio revisions, this is generated by 

the switch from a corner solution to an internal solution. Second, the probability of default is 

no longer equal to zero when deposit rents are relatively high and leverage is low as in the case 

without portfolio revisions. In fact, with dynamic strategies, the franchise value generated by 

deposit rents, in most of the cases, has non-zero risk because the asset are no longer invested 
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entirely in the riskier asset. Third, the probability of default decreases smoothly with capital; 

this means that the result of Genotte and Pyle (1991) - that increasing capital may increase 

the probability of default - does not hold in this case. The difference here is that, in both cases, 

an increase of capital induces the bank to raise the holding of the risky asset in order to exploit 

asset rents. However, the flexibility generated by portfolio revisions allows the bank to do this 

without increasing the probability of default. 

With dynamic portfolio revisions, an increase in capital produces a larger fall in the value 

of the deposit insurance than with static strategies. This implies that more stringent controls 

on leverage may be a useful regulatory instrument for reducing both the probability of default 

and the value of deposit insurance. We analyze again this issue in the next section. 

Another interesting aspect to investigate is the relation between franchise value, frequency 

of portfolio revisions and leverage. With a zero net present value risky asset and an exogenous 

franchise value, Ritchken et al. (1993) show that introducing portfolio revision increases the 

value of equity and that this increase is higher when leverage is high. They call this increase of 

franchise value the value of the "flexibility option". 

Moreover, they demonstrate that for a higher frequency of revision the increases in the value 

of the flexibility option are lower. Our results confirm theirs for the case of an endogenous 

franchise value with deposit insurance or deposit rents. 

However, with asset rents the results are quite different. First, the flexibility option has a 

higher value for moderately low levels of leverage, and a relatively lower value for high and low 

leverage. Intuitively, we have these results since the possibility to revise the portfolio allows 

the bank to increase the investment in the risky asset. For high levels of leverage, when the 

price of the risky asset decreases, the bank reduces its investment in the risky asset in order to 

avoid default. In this case the rents earned from the risky asset are low and so are the benefit 

of managing the risky asset position dynamically (the investment in the risky asset remains 

always at a low level). When the price increases, the bank increases the investment to augment 

total asset returns. Clearly, the lower the leverage, the higher is the investment in the risky 

asset and the rents earned on assets. Nevertheless, when the level of capital is high, the value 

of the put deposit insurance is low and portfolio revisions have almost no value. 
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Volatility and audit frequency 

Volatility has the dual effect of increasing the value of the deposit insurance put and reducing 

the expected value of future rents by raising the probability of default. Which effect dominates 

on the franchise value and on portfolio behavior depends on the sources of the franchise value, 

as already shown in Chapter 2. With portfolio revision the impact of a change in volatility on 

policy variables increases. From our numerical analysis we observe that, when the bank earns 

rents only from the underpriced deposit insurance and employs a dynamic portfolio strategy, a 

change in volatility has a larger effect on the franchise value than in the case without portfolio 

revision. By contrast, when there are also asset or deposit rents, the results are ambiguous and 
depend on the level of capital. 

In general, when the bank manages its portfolio dynamically, for all the different sources 

of rent, an increase of volatility has, in terms of arithmetical changes, a smaller effect on the 

value of deposit insurance and a lower effect on the probability of default than with a static 

portfolios. 
Concerning audit frequency, our results confirm those already presented in Chapter 2. How- 

ever, with portfolio revision the sensitivity of the franchise value to audit frequency is lower 

when there are only rents from deposit insurance, while the results are ambiguous with asset 

or deposit rents. It is generally thought that an increase of audit frequency has the desirable 

effect of increasing banks' incentives to moderate risk taking and therefore to promote bank 

safety. This view is confirmed in Chapter 2. However, our analysis suggests that the ability of 
banks to revise their portfolios reduces the positive effect of an increase of audit frequency on 

the probability of default and has ambiguous effects on the value of deposit insurance. 

4.6 Capital requirements 

Chapter 3 has already discussed (i) the Basle Committee proposals in which capital requirements 

are based on the bank's investment in risky assets and (ii) their implications on franchise value, 
bank portfolio behavior, the probability of default and the value of deposit insurance. In this 

9However, the magnitude of the effect measured in terms of proportional changes depends on the level of 
capital. 
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Chapter we analyze the implications of capital requirements when the bank has the possibility 

to revise its portfolio dynamically. 

4.6.1 Risk-based capital requirements and bank's behavior 

We introduce capital requirements in our model by imposing the constraint that, at each port- 

folio revision, 

wj < f. -l (kj, v) -w (4.22) 

where f (wt, a) is a function of the investment in the risky asset and its volatilitylO, and 

w represents the maximum investment in the risky asset allowed by capital requirements for a 

given level of or and capital kj, where: 

k; = Ai - D(1 + rd)l/n (4.23) 

and represents Tier-1 regulatory capital. 

As already discussed in Chapter 3, when capital requirement constraints are binding the 

bank may decide either to: (i) reduce the investment in the risky asset or (ii) increase the level 

of capital. Chapter 3 also shows that, if the cost of capital is equal to the risk free rate, the 

bank will decide to increase the level of capital. The same applies even under the assumption 

of this Chapter when portfolio revision is allowed. 

However, in Chapter 3 we showed that, if the cost of capital is high (i. e. sufficiently high 

related to the risk free rate), the bank prefers to reduce the investment in the risky asset in 

order to satisfy capital requirements. The result that we obtain without portfolio revision is that 

the effect of capital requirements on bank strategy depends on the sources of rent. The same 

applies with portfolio revision. Moreover, in that Chapter we demonstrate that, irrespective of 

"As in Chapter 3 this function may be interpreted as either: (i) the capital requirements of 8% of risk-adjusted 
assets, (ii) the VaR calculation , 

(iii) the internal rating approach, or (iv) the full model approach. 
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the cost of capital, risk-based capital requirements have the effects claimed by regulators and 

do indeed moderate both the probability of default and the cost of deposit insurance. However, 

this result is no longer true with portfolio revision. In this section we show that, when the 

bank has the opportunity to revise its portfolio, the intertemporal effect of capital requirements 

may increase the bank's incentive for risk taking in those states of the world where the capital 

requirement constraint is not binding. To provide the intuition for this result we modify the 

second example (with underpriced deposit insurance and asset rents) presented in the previous 

section to include capital requirements. Table (4.4) provides the example. 

Table 4.4: Comparison of extreme strategies with an interior strategy when there 

are capital requirements 

This Table shows the franchise value associated with two different strategies when the bank has to satisfy 
capital requirements and earns asset rents. The parameter used are: D= 99, A= 100, r= rd =0 and 
the risky asset returns are either 21% and -20% in the next two periods. The probability of an up move 
in each period is 0.5. This means that the bank earns asset rents. The bank can revise its portfolio at the 
beginning of each period and the audit is every two periods. The Table presents three strategies: (a) the 
optimal strategy without capital requirements in period 1 and up state of period 2, total investment in the 
risk free asset in the down state in period 2 because of capital requirements, (b) optimal strategy under 
capital requirements 

Strategy Period 1 Period 2 Franchise Value 

wa wi 
(a) 0.91 0,84 in upstate 18,5 

0 in downstate 
(CR is binding) 

(b) 1 0,905 in upstate 20,5 
0 in downstate 
(CR is binding) 

Table (4.4) shows that, in the downstate, when the bank is forced to invest entirely in the 

risk free asset because of capital requirements, an internal solution is no longer optimal in period 

one. In fact, in the first period, it is preferable to increase the investment in the risky asset as 

much as possible. Moreover, in the second period, in the upstate (when capital requirements 

are not binding), the investment in the risky asset is higher than in the case without capital 

requirements. 

The intuition for the incremental investment in the risky asset when capital requirements 
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are not binding follows from the fact that capital requirements prevent the bank from following 

the strategy that maximizes its franchise value by exploiting rents from assets and deposits. 

This provides the bank with an incentive to place more weight on the value it derives from 

exploiting the deposit insurance put and this may lead to an increase in the probability of 

default" l 

The perverse effects of capital requirements on the bank's optimal strategy is summarized 

in our first Proposition. 

PROPOSITION 4.1: When capital requirements are binding, they limit the bank's invest- 

ment in the risky asset. When they are not binding the bank may have a higher investment in 

the risky asset than without capital requirements. 

In traditional discussions on capital requirements, one of the effects usually emphasized is 

the asset-substitution effect. Capital standards limit the bank's incentive to invest in risky 

asset. This effect has been underlined in recent years with risk-based capital requirements. 

Proposition 4.1 highlights two effects of capital standards: first, when capital requirements are 

binding, they induce the bank to substitute safer assets for riskier ones. Second, they may 

reduce the marginal benefit of selecting an internal solution when they are not binding and 

thus they may increase the bank's incentive to take on risk. Our numerical examples show that 

this result may be sufficiently strong as to dominate the effect that the capital standard has on 

asset volatility when it is binding and, in fact, increases the probability of default. 

When there are asset or deposit rents the probability of default and the value of deposit in- 

surance actually increase when the capital standard is introduced. Only when there are deposit 

insurance rents alone does our numerical analysis fails to find cases where capital requirements 

increase the probability of default and the value of deposit insurance: 

Clearly, the franchise value decreases (or, at least does not increase) as the capital require- 

ment, f (wt, a) , increases. The main insight from Proposition 4.1 is that satisfying capital 

11The same result could be provided for the example without asset rent used above. However, our numerical 
analysis with lognormal distribution of the risky asset shows that the perverse effect of capital requirements is 
more frequent when the bank earns asset rents. Interestingly, the perverse effect is not generated only because 
capital requirements do not allow the bank to "bid for resurrection", but because the bank cannot perform the 
optimal portfolio strategy even when it is solvent. We show later on that, even when the bank does not respect 
capital requirements when it is insolvent, the same perverse result applies. 
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requirements may be costly, not only for equityholders but also for the deposit insurer whose 

risk exposure may increase as a consequence. 

Another important observation is that these results come out without considering the "bid 

for resurrection" incentive that the bank has when it is insolvent. To this point we have assumed 

that the bank, when it is insolvent, invests entirely in the riskless asset in order to satisfy capital 

requirements and then simply awaits the audit to trigger default. 

If we consider the "bid for resurrection" effect we find that the probability of default may 

actually be lower than in the previous case as the bank now invests entirely in the risky asset and 

therefore has some chance of becoming solvent before the next audit. However, the probability 

of default is nevertheless higher than without capital requirements. Thus, if the bank follows 

the strategy of "bidding for resurrection" the negative effect of capital requirements on the 

probability of default may be lower while the cost for the deposit insurer is higher. 

Within a two periods model, Blum (1999) reaches similar conclusions. He states that regula- 

tion has two effects. One is that capital requirements reduce the bank's profits. If future profits 

are lower a bank has a smaller incentive to avoid default. In addition to this the "leverage 

effect" of capital rules raises the value of equity to the bank. For every dollar of equity, more 

than one dollar can be invested in the profitable but risky asset. In order to raise the amount 

of equity tomorrow it may be optimal for a bank to increase risk today. 

However, as he states, his model is only an example rather than a general theory. In 

particular, in his model, future rents are provided exogenously, he considers only a two point 

distribution for the risky asset and, as a result, capital requirements generate the perverse effect 

only when they are binding in the second period or in both periods. 

With our model we also demonstrate that in a dynamic setting capital requirements may 

have intertemporal effects. However, we show, in contrast to Blum (1999), that the key point 

is not the fact that capital requirements are binding only in certain periods. The key point 

is that capital requirements do not allow the bank to follow the optimal strategy (it does not 

matter if in the first or second or tenth period) and this reduction of future profits induces the 

bank to take more risk. Capital requirements may create the perverse effect on the probability 

of default because in the states of the world when capital requirements are not binding, the 

bank may decide to take more risk than without capital requirements constraint. 
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Our model is further differentiated from Blum (1999) because it does not consider the 

"leverage effect" of capital rules that raises the value of equity tomorrow. In fact, in our 

model the investment in the risky asset is bounded by the level of deposits. In our analysis 

we demonstrate that the first effect (the reduction of future profits) is sufficient for capital 

requirements to increase the probability of default and the value of deposit insurance. 

A further interesting result of our model is the effect of a change on capital requirements 

on the probability of default and the value of deposit insurance. Proposition 4.2 presents the 

main results we obtained. 

PROPOSITION 4.2: When there are asset or deposit rents, tightening the capital require- 

ment may raise both the investment in the risky asset and the probability of default. 

Proposition 4.2 states that both the probability of default and the value of deposit insurance 

would not decrease monotonically in the magnitude of capital standard f (wt, o, ). Table (4.5) 

provides an example. 

Table 4.5: Probability of default for different levels of capital requirements and 
capital structure 

This Table shows an example of the fact that the probability of default would not increase monotonically 
in the magnitude of capital standard. The parameter used area = 6%, r= rd = 5%, sigma = 10%, n=4, 
D= 100. We analyze this feature for different percentage of capital over deposit k. 

f (w, y) 1 1 k=3% k=6% k=9% k=12% k=15% k=18% 
0% 19% 9.8% 2.6% 1.8% 0.7% 0.4% 
4% 41% 28% 16% 8.7% 4.6% 2.5% 
8% 20% 17% 14% 8.4% 4.8% 2.9% 
12% 4.3% 3.6% 3.4% 3% 2.0% 1.2% 
16% 0.5% 0.3% 0.3% 0.2% 0.2% 0.1% 

As Table (4.5) shows, when capital requirements are not extremely high (i. e. lower than 

12% in our example) the probability of default may decrease decreasing capital requirements. 

For example we could observe that when k is equal to 15% the probability of default is equal 

to 4.6% for f (w, o) equal to 4% and is equal to 4.8% when f (w, v) is equal to 8%. 

Propositions 4.1 and 4.2 demonstrate how risk-based capital requirements are not able to 

capture the dynamic perspective of bank behavior mainly because they are based on short term 
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measures of risk. In fact, even if recently capital requirements may be based on the Value-at- 

Risk measure (that allows banks to take into consideration portfolio diversification effects) they 

are not able to take into account the bank optimization horizon. Moreover, it is important to 

underline that also regulators are not interested in the short term but in the long term. With 

our analysis we demonstrate that with dynamic portfolio management and static measures of 

risk, banks may have an incentive to increase risk instead of reducing it, mainly in the long 

term. 

The idea of using internal models which also take into account dynamic portfolio polices 

may be a potential solution of these problems. Clearly, internal models that reflect the role 

of dynamic strategies have to be able to measure properly the probability of default in the 

long term. Many problems will arise in this case in terms of stress testing. Another potential 

problem in this case is that even if the probability of default is properly measured by the internal 

models, and is lower, the value of deposit insurance may still be higher than without portfolio 

revision. This presents another challenge for regulators. 

Concluding, when banks earn rents from assets, capital requirements may increase both 

the probability of default and the value of deposit insurance. This illustrates, once again, that 

the sources of the franchise value are relevant in determining the effect of different regulatory 

measures. 

Our results raise the question of whether an increase in audit frequency or a change in the 

leverage constraint might eliminate the perverse effects of risk-based capital requirements. Our 

numerical analysis shows that an increase of audit frequency generally reduces the probability 

of default when there are risk-based capital requirements. However, when the bank earns asset 

or deposit rents, the audit frequency has to be very high in order to entirely eliminate the 

perverse effect of capital requirements on the probability of default and the value of deposit 

insurance. 

These arguments raise the normative issue on the choice of audit frequency under capital 

adequacy rules. It is generally thought that capital standards and regulatory monitoring are 

"substitutes" - i. e. raising capital requirements would promote desirable incentives toward 

risk taking and bank safety, thereby reducing the need for monitoring. However, our analysis 

suggests that if the bank earns asset or deposit rents, a shift toward more stringent capital 
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standards may necessitate greater regulatory monitoring. 

Concerning a leverage constraint, Table (4.5) shows that a lower level of leverage reduces the 

perverse effect of the risk-based capital requirement, but does not eliminate it. Moreover, our 

analysis suggests that the combination of (i) risk-based capital requirements, (ii) leverage-based 

capital requirements and (iii) frequent bank monitoring is preferable to the use of risk-based 

capital requirements alone. This result is in line with the literature on the optimal regulation 

that calls for a menu approach and seems to be recognized by regulators (see FDICIA and Basle 

committee proposal (1999 and 2001). 

4.7 Conclusion 

This Chapter demonstrates that, introducing into the model described in Chapter 2 the possi- 

bility of portfolio revision, the bank will - even though it is risk neutral - undertake dynamic 

management of its portfolio risk as well as its expected return in order to maximize the value 

of equity. 
In our model the bank's optimal choice resolves a trade-off between its desire to increase the 

short term profits (for example by exploiting the deposit insurance put-option) and its desire 

to preserve its franchise value. The latter is characterized as a cash-or-nothing call that pays a 

fixed cash amount, if the bank is solvent. The bank's strategy in this context has similarities 

with the dynamic hedging strategy also known as portfolio insurance. 

The contribution of this Chapter to the banking literature is twofold. First, we simultane- 

ously consider the implications on the bank's optimal policy and the probability of default of 

portfolio revision opportunities when the bank may earn rents from different sources. 

W'i'e demonstrate that dynamic strategies depend on the sources of rent as the probability of 

default and the value of deposit insurance do. In particular, compared with the case without 

portfolio revision, when there are deposit insurance or asset rents, the probability of default 

is, in general, smaller; however when there are deposit rents, the probability of default may 

increase or decrease. It will increase when, in the static case, the optimal investment in the 

risky asset is zero, leading to a zero probability of default; whereas, with portfolio revisions 

both the optimal investment and the probability of default are positive. However, the most 
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significant effect is that the increase in the franchise value is generated partly at the expenses 

of the deposit insurer, in particular if the bank earns rents only from deposit insurance. 

The second contribution is that we demonstrate that the intertemporal effect of capital 

requirements may actually increase (i) the investment in the risky asset, (ii) the probability of 

default and (iii) the value of deposit insurance. 

This comes about because one of the effects of risk-based capital requirements is a reduction 

in the franchise value. If the franchise value is sufficiently low, a bank has only a small incentive 

to avoid default. As a consequence, the investment in the risky asset when capital requirements 

are not binding increases and, in some cases, the probability of default and the value of deposit 

insurance also increase. 

An increase in the audit frequency affects this effect. This finding suggests that, when 

the bank earns asset or deposit rents, it does not seem that risk-based capital requirements 

always reduce the required audit frequency. Rather, regulators may have to increase the audit 
frequency in order to offset the perverse effects of capital requirements. 

In Chapter 2 we show that without portfolio revisions leverage-based capital requirements 

increase the probability of default, as already demonstrated by Genotte and Pyle (1991). In this 

Chapter we show that when the possibility of portfolio revisions is introduced, the probability of 

default decreases. Furthermore, leverage-based capital requirements reduce the perverse effect 

of risk-based capital requirements when the bank follows dynamic strategies. 

Finally, our theoretical analysis sheds some light on the interaction between sources of rent, 
dynamic strategies and different regulatory measures. If we consider that loan securitization 

and the use of credit derivatives increase banks ability to manage their risk over time, our 

results suggest that, in assessing the effectiveness of capital regulation, regulators must take 

into account the consequences of banks ability to manage their portfolios dynamically. 
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4.8 APPENDIX A: Numerical procedures 

We solve numerically the problem in three steps. 

Step 1: we assume initially a constant arbitrary franchise value FE, that does not prevent 

the recursion in (4.20) and so the use of standard algorithms for seeking a numerical solution. 

Step 2: we calculate numerically the optimal strategy and the implicit franchise value. 

Step 3: we compare this value with our assumed Franchise Value. If the two values are the 

same the optimal strategy and the franchise value are the solutions of our problem. If not, we 

use the calculated franchise value as the constant franchise value and return to Step 2. 

The programs which perform the numerical exercises presented in this Chapter are written 

in GAUSS. The numerical procedures we used in step 2 are based on discretizing the decision 

variable wj into 100 values and the state variable Aj in 400 values, 200 above and 200 under 

the initial deposit value D. We used linear interpolation between points in the state space. 

Moreover we discretized the risky asset price distribution with 100 points. With this approach 

we are able to approximate properly the continuous lognormal distribution of the risky asset 

independently from the number of portfolio revisions. The approach we follow to discretize the 

distribution is based on the rule that any point has the same probability and the distribution 

maintains the same mean and variance as the theoretical. In this way we obtain a better fit of 

the theoretical lognormal distribution with 100 points with respect to a binomial tree with 99 

steps (that is 100 points at the end) as evidenced in Figure (4-4) 

To compute the solutions illustrated in the Figures the program evaluates backwards, at 

any step and for any state the objective function J(Aj) for each 100 wj values and selects the 

maximal elements. The programs used to draw the Figures use a grid of 400 points on an asset 

interval wider than the one used for plotting purposes, to ensure that no relevant truncation 

occurs at the upper bound. 

In order to verify if more than one FE exists we consider as initial values the set of values 

between 0 and the potential maximal franchise value that is: 

max FE=VDI(1)+ 
((l+r)"-1)-rd)DA(a-r) 

(1 + r)n - 1) +r 
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Figure 4-4: Binomial, multinomial and lognormal cumulate distributions 
This Figure shows a comparison between the cumulate lognormal distribution, binomial distribution and multi- 

nomial distributions used for numerical procedures. 
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where the first term VDI(1) is the value of deposit insurance if the bank invests everything 

in the risky asset always calculated using the formula in the Appendix B in Chapter 2, the 

second term is the value of deposit rents if the bank invests everything in the risk free asset and 

the third term is the value of the asset rents without considering the risk of the risky asset. 

We are not able to say that the franchise value we obtained with our strategy is unique, but 

with this strategy we are able to identify all of them and so find the maximum one. 

4.9 APPENDIX B: One period model with exogenous franchise 

value 

In this appendix we demonstrate that with asset rents, the optimal portfolio decision may not 

be a corner solution just one period before audit. 

One period before audit our problem is the same as the static problem presented by Marcus 

(1984). The only difference is that the risky asset is not a zero-net present value risky asset. 

We assume, as in previous chapters, constant portfolio proportion so that: 

I , ow] In 
\A'ýý1/ ~ 

[\w(ac-r, 
)+r, -2 

or2W2 

where 4 [m, s] denotes a normal distribution with mean m and standard deviation s. 
This formulation defines a lognormal density for Aj+1 given by: 

(w(ac-rc)+rc- °22+owx ) 
Aj+1(x) =Aye 

where x is distributed as x(0,1). 

Given that AT is lognormally distributed we have: 

Pr(Aj+i > D1I A3) = N(d2) 
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where: 

d2 = 

In(ý? )+(w(ac 
- rc)+rc - 'ý222 

Qw 

and N(. ) is the cumulative standard normal distribution. 

Moreover, we have that: 

E [Ct+i] = Aje[w(al-Tc)+rc]N (di) - DIN (d2) 

where: 

dl = d2 + vw 

Proof. 

See Appendix A in Chapter 2 

  

Using formulas (4.17) we can reformulate Sj as: 

Sj = Ajew(a-'')N (di) - e-'DiN (d2) + e-' FN (d2) 

and: 

asp 
- Aje(w(a'. )] [N(di)(a 

- r) + N'(di) 
(Q 

+ ßw2/ J 
(B1) iw 

Dw2e 
'DiN'(d2) + aw2e-rFN'(d2) 
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where: 

äd2 1n(ß: )+(r+°222) 

8w vw2 

The first term in formula (B1) is positive and represents the standard effect of variance 

2) and it on the value of levered equity. The second term is negative for A. > De( rd-r ßa Z 

represents the loss in the value of the franchise value due to the effect of increasing risk. 

_zz For Aj < De(rd-' 2U) the second term in formula (B1) will be positive, 
ýftw >0 and 

hence w* = 1. Insolvent banks, in this framework are driven to extreme risk and the high 

variance strategy must dominate. 

If A3 > De(rd r 222U2) then is indeterminate. When a=r we obtain the well known 

results shown by Marcus (1984). However, it is interesting to observe that when a>r and F 

is sufficiently high, the objective function reaches a maximum for values of w<1. 

Figure (4-5), graphs formula (B1) as a function of w and shows that the positive present 

value risky asset makes the first derivative positive for low level of risk different than zero. This 

implies that it is optimal to hold a portfolio that it is a convex combination of the risk free 

asset and the risky asset, that is, the maximum is reached with an interior solution. 

Moreover, Figure (4-5) shows the bank optimal policy function of the asset-to-deposit ratio. 

The interior optimal solution arises because the increase in the default probability, and so 

the reduction in the expected franchise value, is compensated by the positive net present value 

of the risky asset. 

This result demonstrates that if the risky investment is a positive net present value asset, 

then the optimal portfolio can be a convex combination of this asset and the risk free asset. This 

result is the opposite of mains of the previous studies that, considering only zero net present 

value asset, have shown that an interior solution does not exist without regulation. Instead, it 

is in line with Kupiec and O'Brien (1998) work which shows that only when the bank's loan 

investment opportunity set contains no positive net present value loans do we necessarily get 

the corner solutions suggested by Marcus (1984). 
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Figure 4-5: First derivative of the value of equity with respect to the investment in 
the risky asset w 
This Figure plots the first derivative of the value of equity when the bank earns respectively only deposit 

(a =r> rd) or asset (a >r= rd) rents. 
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Chapter 5 

Random Audit and Portfolio 

Management Strategies 

5.1 Introduction 

Monitoring can occur at times other than regularly scheduled audits. While financial report- 

ing requirements do indeed mandate a scheduled transmittal of financial information to bank 

regulators, the deposit insurer, for example, can schedule a special examination at any time. 

Monitoring activity has a stochastic, as well as a deterministic, element. 

In this paper we extend the model presented in the previous Chapter to the case with 

random audit. In the discrete time model the portfolio strategy was influenced by how close 

in time the bank was to the next audit. The aim of this Chapter is to examine whether the 

results obtained in the previous Chapters, on the implications of sources of rent for portfolio 

choice, are robust and apply even with the assumption that audit times are stochastic. 

The hypothesis of random audits has also a methodological advantage. With this assump- 

tion it is straightforward to analyze the problem in continuous time, a framework for dynamic 

portfolio analysis that has been extensively developed since the seminal contribution of Merton 

(1969,1971). Indeed, Merton was the first to use this framework for the analysis of bank reg- 

ulation (Merton (1977) and Merton (1978)). Moreover, random audit means that the portfolio 

strategy is only affected by the frequency of audit, and not by how close the bank is to the next 

audit, and this feature makes the optimization problem time homogeneous. 
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While random audit makes the model stationary, risk management remains an important 

aspect of the problem. Yet, almost all the models that address bank regulation in a continuous 

time framework assume that the volatility of the bank's asset portfolio is constant. In other 

words, in these models banks do not engage in risk management. 
This model is the first to use the continuous time framework with random audit to solve 

the dynamic portfolio choice problem for a risk neutral bank that has an incentive to preserve 

future rents. 

We begin our analysis by deriving the valuation equation for contingent claims on the asset 

portfolio. We use this equation to value the equity and the deposit insurance contract. Initially, 

we assume that portfolio strategy is static and analyze the main feature of the optimization 

problem. In the later part of the Chapter we describe a numerical approach to determine the 

optimal dynamic strategy. 

Our main findings are that, as in the previous Chapters, the bank responds to changes in 

asset values by dynamically adjusting its portfolio, but this behavior is strongly affected by 

the sources of rent. When there are only deposit insurance rents the optimal strategy is, as 

before, to invest entirely in the risky asset. When there are only deposit rents, the optimal 

strategy depends on the deposit spread and the value of the asset portfolio and is characterized 

by corner solutions where the optimal choice is to invest entirely in the risky or the riskless 

asset. However, when there are also asset rents, the optimal strategy is characterized by internal 

solutions and the bank's management of its portfolio is strongly dynamic. 

This implies that, in general, the results given in Chapter 2 continue to apply in this 

framework. However, they are different from those presented in Chapter 4 when the optimal 

strategy depended on the time to the next audit. 
Since our main objective is to analyze the effect of the sources of rents on portfolio choice, 

and given that the problem appears complicated, we leave the analysis of the effects of dynamic 

capital replenishment on bank's behavior, the probability of default and the value of deposit 

insurance to further researches. 
The Chapter is organized as follows. In Section 2 we survey the existing literature on bank 

models in continuous time that analyze the risk taking incentives. Section 3 describes the 

model. Section 4 derives the value of the contingent claims on asset portfolio and explore their 
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shape under the assumption that the portfolio strategy is constant. Section 5 then extends the 

analysis to include dynamic portfolio strategies and provides comparative statics. Section 6 

concludes. 

5.2 Related literature 

This Chapter aims to contribute to the literature on dynamic portfolio strategies when the bank 

decision making is characterized by risk neutrality and limited liability. The analysis is carried 

out in a continuous time framework that allows the bank to respond to changes in market values 

by dynamically adjusting its portfolio. Some of the main contributors to this literature have 

been already cited in our previous discussions. 

The seminal paper on bank models with random audit in a continuous time framework is 

Merton (1978). He extends Merton's (1977) approach (that derives the insurance premium of 

a fixed length deposit contract applying the Black and Scholes (1973) option pricing formula) 

to model the insurance process (i) allowing for periodic examinations that recur indefinitely, 

unless and until the bank is revealed to be insolvent and (ii) explicitly taking into account 

audit costs. The aim of this study is to determine the cost of deposit insurance and the 

equilibrium interest rate on deposits under the assumption that the rate of return on the asset 

portfolio has a constant volatility. Marcus (1984) uses Merton's (1978) model to show that 

sufficiently capitalized banks maximize value by minimizing variance and so argues that the 

results obtained in the static model with exogenous franchise value are qualitatively identical 

to that of a multiperiod model. None of these two papers takes into account that the banks 

managers choose the level of portfolio risk. 

Further, Merton's (1977) option pricing model for pricing deposit insurance is put forward 

by Pennacchi (1987), who considers risk taking incentives for banks the change in leverage. 

In particular Pennacchi (1987) contrasts the consequences of merging a failed bank to directly 

paying depositors. In the latter case, even if deposit insurance is fairly priced, banks will tend 

to take excessive risks. In the former case, however, sufficient monopoly rents (franchise value) 

would induce banks to prefer to increase their capital. 
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Fries, Mella-Barral and Perraudin (1997) analyze optimal bank reorganization and the fair 

pricing of deposit guarantees in a continuous time framework where the state variable is the 

net cash flow rather than the value of bank assets. Bhattacharya et al. (2000) extends Leland's 

(1994) model and derive optimal closure rules that eliminate risk taking incentives for managers 

in a model with limited liability and subject to a regulatory authority that may decide to close 

the bank if the value of assets is below a certain trigger level. 

The common feature of all these models above is that they assume that the volatility of 

assets is constant. The existence of risk taking incentives is deduced solely from the convexity 

or concavity of the value function. 

The only study in the literature that analyzes risk shifting in a continuous time framework 

is Dangl and Lehar (2000)1. They extend Leland's (1998) model, where equityholders of a non 

financial firm are allowed to switch from one fixed risk level to another, into a banking context 

characterized by limited liability, random audit, deposit rents and capital requirements. Their 

main objective is to compare the incentives for risk taking under regulation based on the building 

block approach of Basle Accord with those under Value-at-Risk based capital requirements. 

However, they analyze only the points where it is optimal to switch from one level of volatility 

to the other and the two levels of volatility are given exogenously. They do not characterize, 

as we do, the optimal dynamic strategy. On the other hand, we do not consider the effects of 

capital requirements on dynamic optimal strategies. 

This Chapter is therefore the first study that analyzes the dynamic bank portfolio choice 

assuming risk neutrality and limited liability. 

Our general approach is similar to Merton (1978). However, apart from the important point 

that we allow the bank to change its portfolio composition continuously through time, there 

are a number of other differences. First, Merton (1978) assumes that equityholders receive no 

dividend payout and that deposits grow at a constant rate. Here, we assume that equityholders 

receive dividend payments and that the quantity of deposits is fixed. Second, Merton focuses 

'Luciano (1998) focuses on optimal portfolio choice of a utility maximizing agent and maps the Value-at-Risk 

regulatory requirements into a constraint to examine whether an optimizing agent would automatically comply 
with the Value-at-Risk regulation. Basak and Shapiro (2001) embed directly risk management objectives into 
the classical portfolio choice problem in continuous time. In particular, they assume that a risk-managing agent 
is constrained to maintain the value-at-Risk of horizon wealth at a prespecified level. A common feature of these 
two models is that they do not consider that if the agent is a bank it enjoys limited liability. 
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on the equilibrium interest rate on deposits and shows that in equilibrium this may be lower 

than the risk free rate. Third, he does not consider the possibility of a positive spread between 

bank loan rates and the market rate ("asset rents"). Our focus is to analyze the effects of the 

sources of rent on portfolio choice. Consequently, for simplicity, we use a partial equilibrium 

approach and assume that the interest rate on deposits is given exogenously and that the bank 

may earn rents from both deposits and assets. 

5.3 The model 

This Chapter investigates the consequences of random audit times on franchise value, the 

probability of default and the value of deposit insurance. The model used builds upon the one 

already presented in Chapter 2. For this reason we keep our description of the model to its 

bare essentials. 

Audit frequency: The regulatory audits are stochastic and follow a Poisson process with 

intensity A. In the time interval dt the probability that an audit occurs is Adt, the probability 

of no audit is 1- Adt and the probability of more than one audit is Odt. 

At audit time rr, the regulator inspects the bank and if it is insolvent the licence is revoked 

and, as before, the value of equity is zero. The bank is declared insolvent and closed if the asset 

value (AT) is lower than liabilities (D). 

Deposits: we assume that initially the bank issues deposits with a face value D and pays 

continuously a total interest rate of rd per instant of times unless the bank is closed by the 

regulatory authority. 

Dividend policy: The dividend payment depends on sources of bank rents and on whether 

an audit takes place. 

In the previous chapters, with fixed audit times, accrued interest on deposits and dividends 

were paid regularly and at the same time as an audit. In this framework, with random audits, 

we do not assume that the interest on deposits is paid randomly and, as we stated above, we 

assume that the bank pays interest continuously. However, under this assumption and with 

dividends paid randomly, the part of dividend generated by deposit rents is not paid at the 

same time as the deposit interest payment. In order to make the model as close as possible to 
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those described previously, we assume that the dividends have two parts: one is continuously 

paid to equityholders and the other is paid randomly when an audit occurs and the bank is 

solvent. 
In particular, if no audit occurs the bank pays out the deposit rents "(r-rd)D" continuously 

to equityholders. At an audit time the bank pays "A-(1+k)D" if the asset value is greater than 

a certain parameter /3 that is equal to D(1 + k), that is the bank pays the second component 

of the dividend only when the value of the asset is above a certain level2. More formally: 

AT - (1 + k)D + (r - rd)D if AT >ß and an audit occurs 
a= (r - rd)D if the bank is open and there is no audit (5.1) 

0 otherwise 

Investment choice: as before, we assume that the bank is able to invest in only two 

assets: one risky asset and one riskless asset. Here however, the price process of the risky asset 

is assumed to evolve in continuous time and is given by: 

dP 
= adt + adz. (5.2) 

P 

The price of the instantaneous risk free bond is given by: 

dB 
B= rdt. (5.3) 

Portfolio choice: Let wt denote the percentage of the asset portfolio held in the risky 

asset and "1 - wt" the percentage of asset invested in the risk-free security. In order to limit 

2With this assumption we simplify the drift of the asset. In fact with this assumption it does not depend on 
the deposit interest rate payment. 
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the bank's level of leverage, we impose a no-short selling constraint on both the risky and the 

riskless assets (wt E (0,11) 

The intertemporal budget constraint for the value of the asset portfolio is given by: 

dA= {[(a-r)wt+r]A-rd-1A>ß(A-(1+k)D)Al dt+wtaAdz (5.4) 

1Aß is an indicator function and represents whether the bank pays dividend (A >ß and 

so 1A>, 3': - 1) or does not pay dividend (A <, 3 and so 1A>p = 0). 

The bank's objective function: as in all previous chapters the bank aims to maximize 

the value of the equity that, given risk neutrality, is the expected sum of dividends discounted 

at the riskless rate r, that is: 

S(Ao) = Eo J 
°O 

e-rtbt(At)dt (5.5) 
0 

Even in this Chapter our aim is to analyze the implications of the different sources of rent 

on the bank's optimal policies, the probability of default and the value of deposit insurance. 

Considering that the bank has an infinite horizon, faces multiple audits randomly, and may 

earn rents from different sources of rent, the objective function that it maximizes by managing 

the asset portfolio is, as in Chapter 4, characterized by a long put on the deposit insurance 

scheme and a short call of loosing the banking licence and so the franchise value. 

Again the problem that the bank has to solve is the optimal strategy, wt (At), which depends 

on the value of equity. However, the value of equity can be considered as the value of any claim 

contingent on the bank's asset value and can be obtained by standard contingent claim analysis. 

The same applies to the value of deposit insurance and the probability of default. For this reason 

in the next section we determine the value of equity, the value of deposit insurance and the 

probability of default as claims contingent on the asset portfolio. In the following section we 

use the value of equity equation to determine the optimal strategy. 
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5.4 Valuing claims contingent on bank assets 

The focus of this section is the evaluation of a number of different claims that are contingent on 

the bank's asset portfolio. We start with the value of equity and we derive on the equation that 

the value of equity, S, must satisfy. In the next section we use this solution to this equation to 

determine the portfolio strategy that maximizes the value of equity for any value of the bank 

assets. Next, we determine the value of deposit insurance, V, must satisfy as the price of a 

contingent claim that pays the difference between the nominal value of deposits and the asset 

value when the bank is closed. Finally, we evaluate the probability of no default before time 

T as the forward price P of a derivative that pays 1 if the bank is open at time T and the 

probability of default before T, 7r, as "1 - P". 

5.4.1 The value of equity 

As equation (5.5) states, the value of equity can be written as a function S(A). The change 

in the value of equity and the dividend payments over a short time interval depend on (i) the 

change in A, (ii) the deposit rent ((r - rd)D) which is paid as a dividend and (iii) whether 

an audit takes place during that interval. If an audit takes place and A> 
, Q, then there is a 

further component of the dividend given by A- (1 + k)D. If the bank is insolvent, the equity 

becomes worthless. The expected return on the equity over the short term interval dt can be 

written as3: 

E 
{Sdt 

S 
dS] 

=E 
[Jdt] 

+1 µs, (5.6) 

where, using (5.1): 

E [ödt] = 
{1[A>ß]A [A - (1 + k)D] + (r - rd)D} dt (5.7) 

For clarity we drop the dependence of S on A and write simply S rather than S (A). 

168 

I- 



qýý"t"ý 
I ý. i 

and, using (5.4): 

µ9 = {A [wt(a - r) + r] - rD - 1A>ß (A - (1 + k)D) A} SAdt + (5.8) 

2wtý2A2SAAdt - 1[A<D1SAdt 

where 1[A<D] is another indicator function and represents whether the bank is closed (A <D 

and so 1A<D = 1) or open (A >D and so 1A<D = 0) after the audit. 

The risk-neutrality condition implies that: 

E 
[Jdt + dSl 

= rdt 
SJ 

(5.9) 

Consequently, the value of equity is given by the solution of the following non-linear ordinary 

differential equation: 

{[w(a - r) + r] A- rD -1[A>ß] (A - (1 + k)D) )} SA +1 w2Q2A2SAA - (5.10) 

1[A<D]AS - rS + (r - rd)D + 1LA>ßlA [A - (1 + k)D] =0 

where the following boundary conditions must be satisfied: 

S(O) =o 
S(00) = 00 

Since no analytical solutions to this ordinary differential equation are available, numerical 

procedures have to be used4. The determination of the optimal strategy is deferred to the next 

section. Here, we provide characterization of the shape of the value of equity as a function of 

"The numerical procedures we used are based on the finite difference method discretizing the asset value A 
in 400 values. 
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A. To determine the value of equity, we assume (as in Merton (1978)) that once a bank selects 

a certain investment proportion wt (A) =w it may not be changed i. e. the volatility of rate of 

return on its assets is fixed and does not depend on A. 

The analysis shows that most of the results of Merton (1978) and Marcus (1984) are quali- 

tatively consistent with our results when the bank earns deposit rents. Numerical inspection of 

(5.10) shows that the value of equity is a monotonically increasing function of its asset value. 

As is usual in the case of limited-liability, the equity value, S(A), is a strictly convex function 

for A<D. However, for A>D depending on the sources of rent the function may be either 

convex or concave. 

When the bank earns rents only from deposit insurance and, even when A>D, the function 

is strictly convex as in the usual limited-liability levered-equity case (see Merton (1974)). How- 

ever, when the bank also earns deposit rents, and A>D, the value of equity may be strictly 

concave, as in Merton (1978). Figure (5-1) presents one example with deposit rents only. 

Furthermore, our numerical analysis shows that even when the bank earns rents only from 

assets and A>D, the equity function may be concave. Again, Figure (5-2) gives an example. 

Thus, both with deposit or asset rents, the bank has an incentive to reduce its investment 

in the risky asset. As observed by Merton (1978) and Marcus (1984) not only does the positive 

spread induce concavity but it also causes many of the usual comparative statics results, e. g. 

that an increase in the volatility of the underlying assets will increase the value of levered equity 

not to obtain. We observe the same effect here5 when the bank earns rents from deposits or 

assets. Figure (5-3) provides an example in the case with deposit rents. 

Our numerical analysis shows that the same result is also obtained in our framework when 

the bank earns rents from assets as shown in Figure (5-4). 

However, Merton's (1978) result that, when the bank is moderately insolvent, it increases 

the likelihood of loosing the franchise value by increasing the volatility of its assets, applies in 

our framework only when the bank earns rents from assets, as shown in Figure (5-4). 

Our initial analysis of the shape of the value of equity as a function of asset value confirms 

that even with random audit, it is not optimal to invest entirely in the risky asset. We explore 

this aspect in detail in the next section. 

'See Marcus (1984) Figure 4 page 564. 
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Figure 5-1: The value of equity and second derivative with respect to asset value 
when the bank earns deposit rents 
This Figure plots the value of equity and the second derivative with respect to asset value when the bank earns 
only deposit rents. This Figure has been produced assuming w= 1, o= 10%, a=r= 5%, rd = 4%, A=1, 
D= 100, k=10%. 
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Figure 5-2: The value of equity and second derivative with respect to asset value 
when the bank earns asset rents. 
This Figure plots the value of equity and the second derivative with respect to asset value when the bank earns 
only deposit rents. This Figure has been produced assuming w= 1, a= 10%, a= 6%, r= rd 
D= 100, k=10%. 
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Figure 5-3: Increase in the value of equity per unit increase in asset volatility when 
the bank earns deposit rents 
This Figure plots the increase in the value of equity per unit increase in asset volatility when the bank earns only 

deposit rents. This Figure has been produced assuming w= 1, a=r= 5%, rd = 4%, A=1, D= 100, k= 10% 

and in case (a) öö 10=1%, in case (b) öö 1s=5%o, and in case (c) öö 1,9% 
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Figure 5-4: Increase in the value of equity per unit increase in asset volatility when 
the bank earns asset rents 
This Figure plots the increase in the value of equity per unit increase in asset volatility when the bank earns only 

asset rents. This Figure has been produced assuming w= 1, a= 6%, r= rd = 5%, A=1, D= 100, k= 10% 

and in case (a) vö I0=1%, in case (b) s 1o=5%, and in case (c) öö 1s=9% 
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5.4.2 The value of deposit insurance 

Next, we analyze the effects of the sources of rent on the value of deposit insurance. The 

procedure used follows the same lines used to derive the value of equity. 

Deposit insurance is also a contingent claim, with value V(A), that pays (D - A) if the 

bank is insolvent at the time of an audit. As was true in the case of equity the rate of return 

on deposit insurance over a short time interval will depend on whether an audit takes place 

during that interval as well as on changes in As. 

If an audit takes place and the bank is solvent (i. e. A> D), the cash outflow from deposit 

insurer is zero. However, if there is an audit and the bank is insolvent, then there is a cash 

flow of (D - A) and the liability of the deposit insurer ceases (i. e. V= 0). Hence, using the 

identical procedure used to derive equation (5.10) we have that the value of deposit insurance 

V has to satisfy the following equation: 

E[QdtVdV] _E[Qýtl + 
1pv=rdt (5.11) 

where Q is the cash flow from the deposit insurer and: 

µV = {[A[w(a-r)+r]-rD-1[A>ßJ(A-(1+k)D)A]VA}dt+ (5.12) 

2w2a2A2VAAdt 
- 1[A<D1VAdt, 

and: 

E [Qdt] = 1[A<DIA [D - A] dt. (5.13) 

Combining (5.11), (5.12) and (5.13) we have that the value of deposit insurance V has to 

satisfy the following non-linear ordinary differential equation: 

6For clarity we drop the dependence of V on A and write simply V rather than V (A). 
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{[w(a-r)+r]A-rD-1[A>ßl(A-(1+k)D)Al VA + 
2w2a2A2VAA 

- l[A<D]AV - rV + 1(A<DIA [D - A] =0 (5.14) 

where the following boundary condition must be satisfied: 

V(O)=D 

V(oo)=o 

Numerical investigation of (5.14) suggests that, unlike the analysis in Merton (1978), the 

value of deposit insurance is a monotonically decreasing function of assets as in Merton (1977). 

The reason is that in our model we do not consider audit costs, which are a monotonically 

increasing function of the asset value. Figure (5-5) provides an example. 

5.4.3 The probability of default before T years 

The last policy variable that we analyze in this Chapter is the probability of default. The 

procedure used follows broadly the same lines used to derive the value of equity and the value 

of deposit insurance. 

The probability of no default may be calculated as the forward price (P(A)) of a derivative 

that pays 1 if the bank is open at time T7.. If an audit takes place and the bank is solvent (i. e. 
A> D), there is no impact on the probability of default return. However, if there is an audit 

and the bank is insolvent, the probability of no default is zero (i. e. P= 0). If at time T the 

bank is still solvent (i. e. no default has occurred before) the derivative pays 1. Hence, using a 

similar procedure used to derive equation (5.10) we have that the probability of no default P 

has to satisfy the following equation: 

EI PJ 
=73µP=0 (5.15) 

'Note that this approach is appropriate because, given risk neutrality, the actual probability of default and 
the risk neutral probability go together 
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Figure 5-5: The value of deposit insurance 
This Figure plots the value of deposit insurance with respect to asset value when the bank earns only asset rents. 
This Figure has been produced assuming w= 1, a= 10%, a= 6%, r= rd = 5%, A=1, D= 100, k= 10%. 
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where: 

µp = {[A[w(a-r)+r]-rD-1[gßß](A-(1+k)D)A]PA}dt+ (5.16) 

1 
w201 2A2PAAdt + Pt - 1[A<D]PAdt 

Thus, combining equations (5.15) and (5.16) the probability of no default is given by the 

solution of the following partial differential equation: 

{[w(a-r)+r]A-rD-1[A>ß](A-(1+k)D)A}PA + 
Zw2o2A2PAA 

+ Pt - 1[A<D], AP =0 (5.17) 

Subject to the boundary condition: 

P(A, T, T)=1 

The probability of default before T is ir =1-P. 

Numerical inspections show that the probability of default it is a monotonically decreasing 

function of the asset value. 

5.5 The optimal portfolio management strategy 

The problem faced by the bank is to find the dynamic portfolio strategy which maximizes the 

value of equity. In particular, the problem is to find a decision rule wt (At) such that the function 

(5.5) is maximal. This problem is similar to that already analyzed in Chapter 4. However, in 

the discrete model the portfolio strategy was influenced by (i) the state variable At, (ii) the 

frequency of audit and (iii) how close the bank is to the next audit (e. g. see Figure (4-1)). In 
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this Chapter effects (ii) and (iii) are combined and on average the bank is always at the same 

distance from audit. This means that the portfolio strategy is affected only by the frequency of 

audit and not on how close is the bank to audit. This feature makes the optimization problem 

time homogeneous and so the decision variable, wt (At), is independent of time and is simply 

a function of the state variable A, i. e. more formally the optimal strategy is wt (At) =w (A). 

As in Chapter 4, we may reformulate the problem in terms of Bellman's Equation. The 

main differences are that here Bellman's Equation is a continuous time stationary version of 

the Bellman's Equation presented in the previous Chapter. 

The problem can be reformulated defining a function J(A) as the solution of the following 

nonlinear ordinary differential equation (conditional on J(A) =J and w(A) = w): 

sup { [[w(a - r) + r] A- rD - l[A>ß] (A - (1 + k)D) a] JA+ (5.18) 
wE[0,1] 

1w2cr2A2JAA 
- 1(A<ß]AJ + (r - rd)D + 1[A>ß]A [A - (1 + k)D] 

1= 
rJ 

subject to the law of motion given by the stochastic differential equation: 

dA = {[w(a - r) + r) A- rD - 1A>Q (A - (1 + k)D) A} dt + wtoAdz (5.19) 

for all tE R+, with the initial state AO given and where J is the maximal value of equity if 

the bank follows an optimal portfolio policy. 

Usually, when the Bellman's Equation is a non linear differential equation, it is difficult to 

solve either in closed form or using numerical methods. Our problem is even more difficult to 

solve since we cannot use classical dynamic programming. In fact, stochastic dynamic program- 

ming can only be used to find an optimal solution (if it exists) if the valuation function J is 

well behaved, i. e. it is (i) continuous, (ii) increasing, (iii) strictly concave and (iv) continuously 
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differentiable (see Merton (1990)). As shown in the previous section, the value of equity is 

not strictly concave and so the well known feature of the optimal consumption and portfolio 

selection problem (Merton (1969)) cannot be applied. Moreover, our problem is characterized 

by a law of motion that is not a Brownian Motion since it is not characterized by normally 

distributed increments and continuous sample paths8. 

Clearly, our problem is not a classical portfolio choice optimization problem ä la Merton. 

However, we showed previously that the. value of equity is not everywhere convex, so investing 

entirely in the risky asset may be not an optimal strategy. For this reason we improve the static 

strategy of selecting w (A) =w by finding the "local" optimal solution calculating numerically 

the first and second derivative. 

The idea is to use the approach used by Merton (1969) to determine the optimal consumption 

and portfolio choice. 

Our problem can be rewritten as: 

0= sup 
{! 

w2a2A2JAA + [[w(a 
- r) + r] A] JA }- [rD + 1[A>ßJ (A - (1 + k)D) A] JA - 

wE[0,1] 
2J 

11A<PIAJ + (r - rd)D + 1[A>Q]a [A - (1 + k)D] - rJ (5.20) 

and thus in order to have an internal solution the first order condition is: 

JAAA2WO2 + JAA(a - r) =0 (5.21) 

and the second order condition is: 

JAAA2Q2 <0 (5.22) 

'Furthermore, we cannot employ even the Cox and Iluang's (1989) method because we are not in a framework 

where the martingale representation technology applies (with asset or deposit rents our model assumptions do 
not satisfy the efficiency condition) and again Cox and Iluang's method requires concavity in the utility function 
even if it does not require continuous differentiability. For this reason we cannot determine the optimal strategy 
by simply solving a linear differential equation of the classic parabolic type. 
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that is JAA < 0. 

This implies that when JAA <0 the internal solution is equal to: 

JA(a - r) 
w(A) 2 

(5.23) 
JAAAQ 

However, since the investment in the risky and riskless assets are bounded, the strategy 

followed is: 

w(A) = max 0, min 1, - 
JA(a 

2) (5.24) 
JAAAv 

When JAA >0, i. e. when the value of the equity is convex, and we know that the optimal 

strategy is to invest entirely in the risky asset (that is w(A) = 1). We use the above approach 

to determine the optimal strategy, calculating numerically the first and second derivatives of 

the value of equity. 

We then substitute the solution suggested by the first and second order conditions back into 

Bellman's Equation and we solve it numerically using the finite difference method. We iterate 

the problem9 until we find a fix pointlo 

9A detailed description of the algorithm used is provided in the Appendix. 
10The only general approach to provide existence of an optimum is the verification theorem. 
For this case the verification theorem is: let J(A) be a solution to (5.18) then: 

Eo 
`J 

00 
e-rdt(At)dt] < J(A) 

for all feasible strategies w(A) E [0,11 such that: 

lim inf e-''T E [J(AT) I A] <0 T-. oo 

If there exists a feasible strategy such that: 

w'(A) = arg E(ax1{[[w(a-r)+r]A-rD-1LA>$J(A-(1+k)D)a]JA+ 
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The strategies determined by this approach and the effects of the different sources of rent are 

presented in the next section. Using this approach we explore if a dynamic strategy dominates 

the static strategy of investing entirely in the risky asset. 

5.6 Numerical results 

Based on the framework developed in the last two sections we consider the four cases studied in 

the previous chapters (summarized in Table (2.1)), that is we consider four potential combina- 

tions of rents: (i) only deposit insurance rents, (ii) asset rents, (iii) deposit rents and (iv) asset 

and deposit rents, to explore the effects of random audit on the optimal strategy, the franchise 

value, the default probability and the value of deposit insurance. 

2Tll2 02 A2JAA - 1[A<R]i1. I + (r 
- rd)D + 1[A>01a [A - (1 + k)D] 

J 

such that 

At = A+ 
j, {[w'(a-r)+r]A-rdD-1A>ß(A-(1+k)D)A}ds+ 

fc w'aAdz. 
0 

and 

lym sup e-rTE [J(AT)JAI >0 

then 

S(Ao) = Jo(Ao) 

and 

S(Ao) = Eo 
[j°°etot(At, 

w*(At))deJ 

That is, because satisfaction of the Bellman's equation is a sufficient condition for an optimum, if a solution 
to that equation can be found, and dominates all the other solutions generated by the other feasible strategies, 
it is the optimum. 

We do not analyze numerically the solutions of all the feasible strategies in order to verify that our fix point 
is an optimum. We leave this to further researches. 
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5.6.1 Optimal strategies 

From our numerical analysis we observe that LEMMA 2.3 applies also to this case, that is an 

internal solution for w may exist (that dominates the strategy of investing entirely in the risky 

asset) when there are asset rents and when there are both asset and deposit rents (see the 

Appendix for the detailed presentation of the algorithm used to determine the fix point). In 

fact our numerical results show that if the excess expected return of the risky asset is positive 

then w(A)* E (0,1] that is the investment in the risky asset is positive (although, naturally, 

it is small when A=D and deposit and asset rents are respectively high and low) and an 

internal solution may be "optimal"11. As Figure (5-6) shows the optimal portfolio strategy is 

characterized by a reduction in the investment in the risky asset when the bank is closed to 

insolvency. 

The strategy is "safer", i. e. the investment in the risky asset is lower, if there are both asset 

and deposit rents. Moreover, in these two cases, Figure (5-6) shows that the optimal strategy is 

affected by the parameter determining the dividend policy, in particular, when the asset value 

is above D(1+k) that is when the bank pays dividends. The closer is the dividend inception to 

the point where the bank is closed if audited, the riskier is the strategy. The intuition for this 

result is that, when the bank pays a dividend, the expected change in the asset value decreases 

and may become negative. This increases the bank's incentive to take risk. As in Chapter 2, 

when there are both asset and deposit rents the bank's incentive to take risk is lower (see Figure 

(5-6)). 

With only deposit insurance rents and random audit the optimal strategy is to invest every- 

thing in the risky asset. In fact, for a wild range of the parameter values used in our calculation, 

we have not identified any case where LEMMA 2.1 fails and it therefore also holds. So, it ap- 

pears that also this result is confirmed with random audit. By contrast, the result obtained 

in Chapter 4 with a fixed audit time and portfolio revision, where internal solutions may be 

optimal even with only deposit insurance rents, is no longer true with random audit. This 

means that the uncertainty about the audit time increases the bank's incentive to take risk. 

Moreover, our numerical exploration shows that with deposit rents the strategy is still 

"We use the term "optimal" here and later for fixed point strategies, even if we cannot claim that they are 
optimal. 
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Figure 5-6: Optimal strategies 
This Figure presents the optimal strategies. This Figure has been produced assuming a= 10%, A=1, D= 
100, and respectively: (a) a= 6%, r= rd = 5%, k= 10%, (b) a= 6%, r= 5% rd = 4%, k= 10% and (c) a= 6%, 

r=rd=5%, k=5% 
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characterized by corner solutions. When deposit rents are relatively high, the optimal strategy 

generated by our approach is: w(A) =1 when A<D, and w(A) =0 when A>D. In 

particular, our numerical analysis has not identified any case where LEMMA 2.2 fails and it 

therefore also holds, that is, when the bank is solvent the optimal strategy is to invest entirely 

in the risky or in the risk free asset12. 

It is interesting to observe that this last result is in line with the one obtained by Marcus 

(1984) using Merton's (1978) model. 

Dynamic behavior can lead to changing levels of portfolio risk over time with relevant 

effects on the ability of the bank to exploit future rents, on its probability of default and on the 

value of deposit insurance. In the previous Chapter we observed that portfolio revision may 

reduce the probability of default but increase the value of deposit insurance. Our numerical 

analysis suggests that this result is no longer true when there are random audits and the bank 

dynamically manages its portfolio continuously. 

5.6.2 Comparative statics results 

The results of changes of the environmental variables (e. g. asset spreads, deposit spreads, 

leverage, level of dividend payment k, volatility and audit frequency) on the franchise value, 

the probability of default and the value of deposit insurance are qualitatively consistent with 

those presented in Chapter 2. For this reason we concentrate only on the main differences that 

arise in the case of the random audit. 

Our numerical analysis shows that low deposit rents13 are sufficient to induce the bank to 

invest entirely in the riskless asset. This drives the probability of default and the value of 

"The strategy we have obtained in this case is highly affected by the rules of our algorithm, that when the 
second derivative is equal to zero we impose to invest everything in the risky asset. However, this strategy is 
not unique and other strategies could be optimal strategies, since they generate the same value of equity. With 

only deposit insurance and deposit rents the key point is to preserve deposit rents and so avoid default. This 
result can be obtained by investing everything in the riskless asset just before the threshold point or investing 

everything in the riskless asset when the bank is solvent. Since the risky asset has the same expected return as 
the riskless asset, these two strategies generate the same value of equity and the same probability of default. In 

summary, when the deposit rent is relatively high the set of optimal strategies is: w(A) =1 when A<D, then 
w(A) =0 when A=D, and w(A) E [0,1] when A>D. This implies that almost every investment in the risky 
asset that we may observe in bank portfolios could be optimal. 

"Our numerical analysis shows that it is enough a spread of 3 basis points when the volatility of the risky 
asset is 10%. 
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deposit insurance equal to zero. On the contrary, from our numerical analysis in Chapter 2 

and 4 we get that the spread has to be high in order to induce the bank to select the riskless 

strategy and moreover, the decision also depends on the bank capital structure 14 

This means that, if we consider that asset and deposit spreads may be generated by 

monopoly power or regulation, it is enough a low level of monopoly power in the loan or 

deposit markets to reduce the bank risk taking incentive generated by the deposit insurance 

rent. Moreover, small changes in the market structure may strongly affect banks' behavior. 

Concerning asset rents, again we observe the "U" shape effect on bank risk taking behavior 

related to the changes in the asset spread. For low and high values of the spread, the investment 

in the risky asset is higher than the one for medium values. As a consequence, again, a reduction 

of the spread (i. e. a potential increase in competition in the loan market) may generate a 

reduction in the investment in the risky asset. However, our numerical analysis suggests that 

the probability of default and the value of deposit insurance decrease monotonically increasing 

the spread (contrary to the results in Chapters 2 and 4). 

The level of dividend payment k is not relevant when there are deposit rents only. However, 

when there are deposit insurance and asset rents, we observe that the probability of default and 

the value of deposit insurance monotonically increase reducing this parameter. In particular, 

when there are only asset rents the effect of a change of k on the probability of default and the 

value of deposit insurance is higher. This comes out because an increase of dividend payment 
(i. e. a reduction of k) raises the bank incentive to take risk, in line with the previous literature. 

It is important to note that, when there are asset rents, the higher is k the higher is the 

value of equity. This means that shareholders have an incentive to select ak value high and 

leave their money invested in the bank when there are asset rents as in all the previous chapters. 

The volatility parameter affects the bank's behavior only when there are asset or deposit 

rents. When there are only deposit rents, an increase of volatility may induce the bank to 

switch from the riskless to the riskiest strategy. As a consequence the probability of default 

and the value of deposit insurance may change drastically even if the volatility has a small 

change. When there are asset rents, the effect on the portfolio choice is ambiguous and the 

14The same applies when there are asset rents. With a volatility of the risky asset equal to 10%, our numerical 
analysis shows that a spread of 5 basis points is enough to induce the bank to select internal solutions. 
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investment in the risky asset may increase or decrease depending on the value of the asset 

portfolio. However, our numerical analysis suggests that an increase of volatility monotonically 

increases the probability of default and the value of deposit insurance. 

A change in the audit frequency parameter A generates effects similar to a change in volatil- 

ity. In particular, when there are asset rents, the investment in the risky asset may either 

decrease or increase when A increases. The change is conditional on the value of the asset port- 

folio, however, the value of deposit insurance always decreases when audit frequency increases. 

On the contrary, the effect of a change in the audit frequency is ambiguous for the probability 

of default because in our model the bank defaults only when there is an audit and the bank is 

insolvent (A < D). 

5.7 Conclusions 

In this Chapter we consider a model in which audit times are stochastic and analyze the effects 

of different sources of rent on investment behavior as well as on the value of deposit insurance 

and the probability of default. In particular we extend the model presented in Chapter 2 to a 

continuous time framework in which the bank is able to manage its portfolio continuously. 

The main findings are that the bank prefers dynamic to static strategies only when it earns 

rents from assets. When the deposit rents are sufficiently high, the incentive to preserve future 

rents means that for states in which the bank is solvent investing entirely in the riskless asset 

is always an optimal strategy. 

The comparative statics results obtained under the assumption of random audit are similar 

to those already presented in the previous Chapter and it appears that our results are robust 

with respect to this alternative assumption on the form of monitoring activity. For the param- 

eters we have explored, the main difference we find is that an increase in volatility, even with 

asset rents, always increases the probability of default and the value of deposit insurance; an 

increase in audit frequency always decreases the value of deposit insurance. As a consequence 

the ambiguous effects on audit frequency observed in the previous chapters do not apply with 

random audit. 

Our analysis is a first attempt to analyze the dynamic portfolio management of banks in a 
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continuous time framework and may be extended to several directions as described in the next 
Chapter. 
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5.8 Appendix 

We determine the fix point strategy calculating first the value of equity using the finite difference 

method and the static strategy characterized by investing entirely in the risky asset, that is 

w(A) = 1. The shape of the equity value in this case and its second derivative has been already 

presented in Figure (5-1) when there are deposit rents and in Figure (5-2) when there are asset 

rents. 

From the above figures we could observe that the second derivative is positive when the 

asset value is lower than the threshold point and maybe is negative after this threshold point. 

This implies that the static strategy we use is not optimal and that it can be improved reducing 

the investment in the risky asset when the value of the equity has a second derivative that it is 

negative. 

We use the following rules to find the "local" optimal solution implied by the shape of the 

value of equity: 

" if the second derivative (numerically calculated and presented in the Figures) is positive 

then w(A) = 1; 

" if the second derivative is negative or equal to zero: 

(Omin 
w(A) = max 1, - 

SA(a -r 
S, AAA 

r) 

Calculated the strategy w(A) we determine again the value of equity solving the differential 

equation (5.10). 

Following our algorithm, when there are asset rents the first step optimal strategy is the 

one presented in Figure (5-7). 

The lower amount invested in the risky asset generates an even higher concavity in the 

value of equity. We repeat the procedure above till we obtain a fix point where the strategy is 

consistent with the shape of the equity value. 
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Figure 5-7: One step strategy 
This Figure presents the one step strategy. This Figure has been produced assuming a= 10%, A=1, D= 
100, a=6%, r=rd=5%, k=10%. 
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Chapter 6 

Conclusions and Further Researches 

The objective of this Thesis is to study the implications of different regulatory policies on bank 

portfolio choice with the aim of shedding light on their implications for the probability of default 

and the value of deposit insurance. 

Central to our approach is the recognition that a bank may earn rents from a number of 

sources. In particular, we consider rents derived from: (i) underpriced deposit insurance, (ii) 

super-normal returns on loans, and (iii) imperfect competition in the market for deposits so 

that the bank may attract deposits at a cost lower than the risk-free interest rate. 

The model represented in Chapter 2 predicts that a bank's portfolio choice, along with the 

probability of default and the value of deposit insurance, is strongly dependent on the sources 

of rent and that the portfolio choice may include internal solutions. In particular, with asset 

rents, the bank may have an incentive to reduce its investment in the risky asset in order 

to preserve future rents and here interior solutions may be optimal. As a consequence, these 

results contrast with most of the previous literature that claims that banks optimally choose 

only portfolios with the minimal or the maximal feasible risk. 

We may extend our model in several ways. First, we take into account deposit market power 

on the liability side and determine an optimal capital structure. Models that allow banks to 

choose the level of deposits often assume that the cost of deposits is increasing and convex in 

their level, as Blum (1999). Another, perhaps more realistic, assumption is that both (i) are 

related to the interest rate paid on deposits and (ii) may also contain a stochastic component. 
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Second, we may consider, as in Genotte and Pyle (1991) and Acharya (2001), economies 

of scale on the asset side. In particular, it would be interesting to analyze the implications of 

considering the costs of loan initiation as an increasing and convex function of the level and risk 

of investment. Convexity in the cost of loan initiation is a natural assumption if we consider 

that the bank chooses first those loans with lower initial costs but, as the size of the bank 

increases, it is forced to consider loans outside the market in which it has most expertise and 

thus costs increase. The joint specification of costs of deposits and loan initiation would allow 

us to address the question of the optimal size for the bank, a variable largely neglected in our 

analysis. 
With this extension we could also consider the dividend policy as a decision variable and this 

would allow us to take into consideration how the optimal dividend policy (including capital 

replenishment as a negative dividend) affects bank portfolio choice. 

Third, we do not currently address cases without flat rate deposit insurance and we implicitly 

assume that all deposits are insured. However, (i) many countries have changed the system of 

deposit insurance so that the premium now reflects, if only approximately, the risk of the banks 

and (ii) it is not true that all deposits are insured. The inclusion in our model of these two 

aspects would change the payoff to equityholders and thus it would clearly affect the bank's 

optimal portfolio choice. 

Another issue that we address in Chapter 2 is that the cost of capital may be higher than the 

risk free rate, perhaps because of asymmetries of information in the capital market. We show 

that this may create an incentive for banks to take more risk and thus increase the probability 

of default. In fact a cost of capital higher than the risk free rate lowers the ex-ante incentive 

derived from the franchise value to reduce risk. 

However, our examination of the cost of capital has been carried out at a simple level. A 

better model of cost of capital would be an important contribution because it is a relevant 

determinant of the franchise value and, therefore, of the bank's portfolio choice. One approach 

might be to relate the cost of capital to the business cycle and to the term structure of interest 

'In January 1993, the Federal Deposit Insurance Corporation began using a risk-based premium structure 
that assesses varying premiums across nine risk categories. Some critics argued, however, that the spread in 

premiums between the safest and riskiest banks was seriously insufficient to eliminate moral hazard from the 
portfolio decisions of risky banks (Kaufman (1994)). 
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rates. This would allow us to predict changes in bank portfolio behavior linked to macro- 

economic conditions. 

The episodes of financial distress experienced by financial institutions in the last twenty 

years has raised questions about the adequacy and effectiveness of the current regulatory frame- 

work and, in particular, has underlined the need to moderate the cost of deposit insurance to 

taxpayers. Thus, Chapter 3 investigated the simultaneous effects of several regulatory policy 

instruments. Specifically, we consider the disciplinary effects on (i) barriers to entry and in- 

terest ceilings, (ii) capital requirements and (iii) closure rules. We find that the introduction 

of capital requirements never increases the franchise value and that the reaction of portfolio 

choice to changes in capital requirements is highly affected by the sources of rent and the cost 

of capital. 

The main result is that, when the cost of capital is equal to the risk free rate, capital 

requirements reduce the rent from deposit insurance but leave unaffected the contribution to 

the franchise value from asset and deposit rents. Moreover, risk-based capital requirements in 

most of the cases do indeed enhance bank safety. 

When the cost of capital is higher than the risk free rate, capital requirements may induce 

the bank to choose a strategy that is less risky than the maximum exposure allowed by its 

capital and the likelihood of default is consequently lower than that desired by regulators2. 

Furthermore, we argue that if capital requirements are not binding but their introduction 

results in a systemic increase in the cost of capital (ä la Gorton and Winton (1999)) then 

banks may increase the risk of their portfolio because the present value of future rents is lower. 

However, we do not properly formalize this aspect. A more formal approach would have to 

specify the relation between cost of capital and capital requirements, preferably in a general 

equilibrium model, and analyze the effects of a change of capital regulations on bank behavior 

(even for banks where capital requirements are not binding). 

As we have already mentioned, we do not provide a detailed characterization of bank capital 

2Greenspan (1998) discusses the setting of regulatory capital. He advocates that regulatory capital must be 

set so as to keep bank default probability sufficiently low but not equal to zero. Banks have to invest in risky 
asset. The social benefits of the banks operations have also to be taken into consideration, i. e. the firms' benefit 

got from the banks' loans grant them. In fact, it is never efficient to require the banks to hold riskless assets 
(see Freixas and Gabillon (1999) for an analysis of optimal regulation, Bernanke and Lown (1991) for "credit 

crunch" generated by capital requirements, Blum and Hellwig (1995) for macroeconomic implications on bank 
lending and industry investment of capital adequacy requirements). 
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structure and this is a limitation of our analysis of capital requirements. In fact, the only 

liability we consider to qualify as regulatory capital is common stockholders' equity. However, 

other liabilities such as long term preferred stock or subordinated debt could also qualify as 

regulatory capital. In particular, given the role played by subordinated debt (Wall (1989)), it 

would be interesting to analyze the consequences of including these securities in our model. The 

importance of this topic is reinforced by the recent empirical findings of Benston et al. (2001) 

on the large increase in the number of issues of subordinated debt by bank holding companies 

after 1996 when the Federal Reserve allowed such securities (called trust preferred securities) 

to qualify as Tier-1 regulatory capital. 

The importance of ex-ante incentive compatible closure rules as necessary tools to limit 

the extent of banks' risk taking behavior has been stressed in the literature. This issue was 

addressed in Chapter 3 where we show that bank closure rules also have important implications 

for risk taking, in particular when shareholders are allowed to replenish capital when the bank 

is insolvent in order to avoid bank closure. Consistent with Suarez's (1994) results, we find that 

in this case the disciplinary effect of the loss of the franchise value disappears and the banks 

portfolio choice is always the same, independent of the sources of franchise value. The effect 

is that, in most cases, the value of deposit insurance increases and that, in a number of cases, 

the probability of default also increases. The explanation for this apparent anomaly is that the 

bank fails less often but with a larger deficit. 

Although we analyze two different closure rules, our analysis addresses this issue in a rela- 

tively simple manner. Many other reorganization policies could be considered and, in particular, 

two potential extensions could be explored. First, it would be interesting to investigate the im- 

plications of "early closure rules" and "prompt corrective actions"3 on portfolio choice; this is 

addressed only partially in our analysis which assumes that the bank must maintain a fixed 

level of leverage. In order to satisfy this requirement we assumed that equity holders replenish 

capital when the bank faces losses but is still solvent. However, the menu of requirements 

imposed by prompt corrective action is based not only on leverage but also on the risk based 

3FDICIA (1991) contained two key provisions designed to reduce the cost and frequency of failed banks. 
First, FDICIA contained a provision for early closure of institutions that allowed bank regulators to close failing 
institutions at a positive level of capital. The second key provision of FDICIA, prompt corrective action, involved 
early intervention in problem banks by bank regulators. 
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capital ratio. The second extension (related to the previous one) is to relate bank closure policy 

to bank volatility and determine the optimal threshold point as in Bhattacharya et al. (2000). 

The international convergence of capital adequacy regulation and a non corresponding stan- 

dardization of closure rules has induced us to compare the implications for the probability of 

default and the value of deposit insurance of uniform capital adequacy rules combined with 

threshold and option to recapitalize closure rules. We find that when portfolio behavior is con- 

strained by capital adequacy rules, the most forbearing closure rule (the option to recapitalize) 
does not always generate a probability of default and value for the deposit insurance liability 

higher than the threshold closure rule. Again the implications on the probability of default and 

the value of deposit insurance of the two closure rules under capital regulation depend on the 

sources of the franchise value. 

One of the objectives of the Basle Accord was to create a "level playing field" for interna- 

tional competition. Yet, if banks in different countries face different investment opportunity 

sets, closure rules, degrees of competition and cost of capital, our results suggest that the effects 

of capital requirements on the probability of default and the value of deposit insurance will, in 

fact, not be the same across countries. This is an aspect that the designers of regulatory policy 

should take into consideration. 

Another issue is the increased role that dynamic risk management plays in financial institu- 

tions. In Chapters 4 and 5 we demonstrate that, introducing the possibility of portfolio revision 

into the model described in Chapter 2, the bank - though risk neutral - will undertake dynamic 

management of its portfolio risk as well as its expected return in order to maximize the value 

of equity and that the optimal dynamic strategy, along with the probability of default and the 

value of deposit insurance, depends on the sources of rent. 

In Chapter 4, assuming fixed audit times, we show that the most significant effect of allowing 

dynamic portfolio (or risk) management is that, if the bank earns rents only from the deposit 

insurance, the increase in the franchise value is generated partly at the expenses of the deposit 

insurer. The second contribution of this Chapter is to illustrate that the intertemporal effect 

of capital requirements may actually increase (i) the investment in the risky asset, (ii) the 

probability of default and (iii) the value of deposit insurance. This comes about because one of 
the effects of risk-based capital requirements is a reduction in the franchise value. If the franchise 
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value is sufficiently low, a bank has only a small incentive to avoid default. As a consequence, 

the investment in the risky asset when capital requirements are not binding increases and, in 

some cases, so do the probability of default and the value of deposit insurance. 

This result holds even if the bank is subject to a "market based" risk rule such as Value-at- 

Risk based capital requirements. The key point is that even Value-at-Risk capital requirements 

are based on static measures of risk. Our framework may be useful for regulators in considering 

the intertemporal implications of capital requirements. 
One problem not addressed using our model is the calculation of the Value-at-Risk, that 

is the maximum loss the bank faces with a probability of, say, 99% 
, and how this measure is 

affected by the sources of rent and the possibilities for portfolio revisions. We leave this for 

further research. 

In Chapter 4 we find that an increase in the audit frequency reduces some of the undesirable 

effects of capital requirements. However, this result raise the normative issue on the choice of 

audit frequency under capital adequacy rules. It is generally thought that capital standards 

and regulatory monitoring are "substitutes" - i. e. raising capital requirements would promote 

desirable incentives toward risk taking and bank safety, thereby reducing the need for monitor- 

ing. However, our analysis suggests that if the bank earns asset or deposit rents, a shift toward 

more stringent capital standards may necessitate greater regulatory monitoring. A further in- 

vestigation would be to analyze more extensively the link between monitoring frequency and 

capital requirements. 

In Chapter 5 we consider a model in which audit times are stochastic and analyze the effects 

of different sources of rent on investment behavior as well as on the value of deposit insurance 

and the probability of default. In particular we extend the model presented in Chapter 2 to a 

continuous time framework in which the bank is able to manage its portfolio continuously. 

The main findings are that the bank prefers dynamic to static strategies only when it earns 

rents from assets (both with and without deposit rents). When deposit rents are sufficiently 

high, the incentive to preserve future rents implies that, for states in which the bank is solvent, 

investing entirely in the riskless asset is always an optimal strategy. Comparing results of 

Chapter 5 with those of previous chapters it appears that our previous results are robust with 

respect to this alternative assumption on the form of monitoring activity. 
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Our model is the first to use the continuous time framework with random audits to address 

the dynamic portfolio choice problem faced by a risk neutral bank that has an incentive to 

preserve future rents. Nonetheless, our model may be extended in several directions. Among 

possible extensions are introduction of transaction costs, the possibility that banks may raise 

equity capital over time and, extending the model in Chapter 5, make the value of the audit 

parameter A dependent on the information obtained by regulators at the previous audit. 
Finally, the analysis in Chapter 5 could be extended to include the effects of other regulatory 

measures, such as capital requiremerits and closure policy. 
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