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Abstract

This paper presents a dynamic model of imperfect competition in banking where the banks can
invest in a prudent or a gambling asset. We show that if intermediation margins are small, the banks’
franchise values will be small, and in the absence of regulation only a gambling equilibrium will
exist. In this case, either flat-rate capital requirements or binding deposit rate ceilings can ensure
the existence of a prudent equilibrium, although both have a negative impact on deposit rates. Such
impact does not obtain with either risk-based capital requirements or nonbinding deposit rate ceilings,
but only the former are always effective in controlling risk-shifting incentives.
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1. Introduction

Itis well known that an increase in bank competition that erodes the present value of the
banks’ future rents (their franchise or charter value) reduces their incentives to behave pru-
dently! The standard regulatory response has been to tighten capital requirements: higher
capital implies higher losses for the banks’ shareholders in case of default, and hence lower
incentives for risk-taking. However, in a recent paper, Hellmann et al. (2000), henceforth
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1 see, for example, Keeley (1990) for a model with exogenous franchise values, and Suarez (1994) for a model
with endogenous franchise values.
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HMS, observe that, in addition to thiapital at risk effect, there is dranchise value effect

that goes in the opposite direction. In particular, they claim that higher capital require-
ments reduce the banks’ franchise values, and hence the payoffs associated with prudent
investment, so their overall effect is ambiguous. HMS consider a reduced-form model of
competition in the deposit market, where the deposits raised by any bank depend positively
on the bank’s own deposit rate and negatively on the rates offered by all the other banks.
As a result, their equilibrium analysis relies on first-order conditions that cannot be solved
explicitly, which implies that the effects of capital regulation cannot be precisely ascer-
tained. The unanswered question then is: what is the effect of raising capital requirements
on bank risk-taking incentives in an imperfectly-competitive banking system?

The purpose of this paper is to address this question. | reexamine the relationship be-
tween capital requirements, market power, and risk-taking in banking in the context of an
explicit dynamic model of imperfect competition in the deposit market where, following
HMS, the banks can invest in either a prudent or a gambling asset. The gambling asset
is dominated in terms of expected return by the prudent asset, but yields a higher payoff
if the gamble succeeds. Imperfect competition is introduced by borrowing from the in-
dustrial organization literature on spatial competition, in particular Salop’s (1979) circular
road model with uniformly distributed consumers (depositors in our case). Banks are lo-
cated symmetrically around the circle, and compete by offering deposit rates. Travelling to
banks is costly for depositors, which is the source of the banks’ market power. Like HMS,
we assume that deposits are fully insured by a government agency that can be funded by
either deposit insurance premia or lump-sum taxation.

In the absence of capital requirements, the characterization of the equilibrium of this
model is very simple. There are two possible types of (symmetric) equilibrigpmudent
equilibriumin which the banks invest in the prudent asset, agdrabling equilibriumin
which the banks invest in the gambling asset. In both equilibria, the intermediation margin
is equal to the ratio between the depositors’ unit transport cost and the number of banks.

We show that for low intermediation margins (i.e., very competitive markets) only the
gambling equilibrium exists, for high margins (i.e., very monopolistic markets) only the
prudent equilibrium exists, and for intermediate margins both types of equilibria exist.
We also show that if the cost of capital exceeds the return of the prudent asset, capital
requirements are always effective in ensuring the existence of a prudent equilibrium. The
reason for this result is that an increase in capital requirements reduces equilibrium deposit
rates in such a way that banks’ franchise values do not change. Hence only the capital at risk
effect operates, so higher capital reduces banks’ incentives to invest in the gambling asset.

As an extension of this result we examine the case where capital requirements can
discriminate in favor of investment in the prudent asset. We show that risk-based capi-
tal requirements are more efficient regulatory tools, because they can ensure the existence
of a prudent equilibrium at no cost in terms of bank capital.

Finally, we also analyze the effect of introducing deposit interest rate ceilings. Such
regulation has been advocated by HMS as a way to boost banks’ franchise values and hence
reduce their risk-taking incentives. We show that deposit rate ceilings are also effective in
ensuring the existence of a prudent equilibrium, although they may require very low (even
negative) interest rates. Interestingly, we show that the same problem arises with flat-rate
capital requirements, but not with risk-based requirements.
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As suggested by the title of the paper, our model has three main ingredients:

(i) bankregulation (in the form of capital requirements, deposit rate ceilings, and deposit
insurance),
(i) imperfect competition in the deposit market, and
(iii) moral hazard in the choice of investment.

Most of the literature has looked at combinations of either (i) and (ii), or (i) and (iii). The
first class of papers includes Chiappori et al. (1995), who study the regulation of deposit
rates in the context of a circular road model of banking competition in both the deposit
and the loan market, and Matutes and Vives (1996), who discuss the effect of deposit
insurance in a Hotelling model of competition in the deposit market. In the second class
of papers, Furlong and Keeley (1989) show that higher capital requirements reduce risk-
taking incentives in a state-preference model of a bank that chooses the level of asset
risk, Genotte and Pyle (1991) note that this result may not obtain in a model where the
bank endogenously decides the size of its portfolio, Rochet (1992) shows that the effect
of capital requirements on risk-taking is ambiguous when the bank’s investment decision
is taken by a risk averse owner-manager, and Besanko and Kanatas (1996) show that if in
addition to the moral hazard problem in the choice of investment there is a second moral
hazard problem in the choice of monitoring effort, higher capital requirements may worsen
the second problem and lead to higher risk.

The three ingredients have been considered in a static context by Keeley (1990), who in-
troduces market power by assuming that banks can make positive-net-present-value loans,
showing that increased competition may lead to higher risk-taking. Matutes and Vives
(2000) get a similar result in the context of a fully-fledged model of imperfect competition
in the deposit market, and support the use of deposit rate ceilings and direct asset restric-
tions as regulatory tools. In a dynamic context, there is the paper by Suarez (1994), who
constructs a model of a single monopolistic bank that chooses in each period the volatility
of its lognormally distributed asset portfolio. Using dynamic programming techniques, he
endogenizes the franchise value of the bank and shows that the model has a bang-bang
solution: when market power falls below a critical level, the solution jumps from minimal
to maximal risk.

Our paper differs from Suarez (1994) in that we introduce a model of monopolistic
competition in the deposit market, and we simplify the bank’s asset choice by using the
simple discrete returns setup of HMS. In addition, we assume that bank capital is costly,
but otherwise the two models are very similar. On the other hand, our paper differs from
HMS in the explicit modelling of competition in the deposit market, and in the way in
which the cost of capital enters the value function of the banks: in our setup bank capital
is inside capital provided by the existing shareholders, while they assume that it is outside
capital raised in the stock market.

It is worth stressing that unlike the current policy discussions on capital requirements,
the role of capital in our model is not to cover unexpected losses but to provide incentives
for prudent bank behavior.

The remainder of this paper is organized as follows. Section 2 presents the model.
Section 3 characterizes the equilibrium of the model when there is a minimum capital
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requirement. Section 4 analyzes the effects of introducing risk-based capital requirements
and deposit interest rate ceilings, and Section 5 concludes. The proofs of all the results are
contained in Appendix A.

2. Themode€

Consider a discrete time, infinite horizon model of an economy with2 risk neutral
banks. Each bankj =1, ..., n receives from aegulator a license to operate at an initial
datet = 0. This license is withdrawn at any date when the bank is revealed to be insol-
vent, that is when the value of its assets is smaller than the value of its deposit liabilities.
In this case a new bank is allowed to enter the market, so the total number of banks is
alwaysn.?

The banks operate in a market with a continuum of measureotenfapping genera-
tions of depositors distributed uniformly on a circumference of unit length. Théanks
are located symmetrically on this circumference. Depositors live for two dates, have a unit
endowment in the first date of their life, and only want to consume in the second date of
their life. So they will invest their initial endowment in the only asset that is available to
them, namely bank deposits. We assume that travelling to banks around the circumference
has a cost oft times the distance between the depositor and the bank.

At each dater the banks compete in this market by offering deposit rates. We will
focus on symmetric equilibria in which all the banks choose the same deposit rate. Since
depositors have a unit endowment and total measure 1, in equilibrium each bank will get
1/n deposits at each date. The banks can also rap4ty capital, which has a perfectly
elastic supply at an expected rate of retyarrThis can be rationalized by postulating that
bank shareholders are infinitely lived agents with preferences linear in consumption with a
discount ratep.

The funds raised by the banks can be invested in either of two asstaent asset,
yielding a returry, and agambling asset, yielding a high returry with probability 1— 7,
and a low returrg with probability 7.3 As HMS, we assume that > 0 and 1+ 8 > 0,
and that

y>oa>1—-m)y+nB. (1)

This means the gambling asset is dominated in terms of expected return by the prudent
asset, but yields a higher return if the gamble succeeds. We also follow HMS in assuming
that

P> a, (2)

2 See Perotti and Suarez (2002) for an interesting model in which the number of banks goes down after a bank
failure. They show that the associated future increase in the rents of the surviving banks acts as an incentive to
current prudent behavior.

3 All these returns are in net terms per unit of investment.
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so bank capital is costly in the sense that it requires an expected return higher than the
return of the prudent assét.

The regulator requires the banks to holdhiaimum capital & per unit of deposits, and
fully insures their depositdFor simplicity, we assume that deposit insurance premia are
zero, and that deposit insurance payouts are financed by lump-sum taxes on the old depos-
itors.

The asset choice of any bank is not observed by the depositors or the regulator. However,
the regulator can observe if the value of the bank’s assets is smaller than the value of its
deposit liabilities, in which case the bank is clo$dt depositors are compensated, and a
new bank enters the market.

3. Characterization of equilibrium

To analyze the equilibrium of the model it is convenient to proceed in three stages. First,
we consider the simple case where the banks can only invest in the prudent asset. Second,
we discuss the case where the banks can only invest in the gambling asset. Finally, we look
at the general case where the banks can invest in either of the two assets. In all these cases
we restrict attention to Markov strategies in which the past influences current play only
through its effect on state variablés.

3.1. The model with the prudent asset

At each date each bank' chooses the amount of capikg} to hold per unit of deposits
and the deposit rate;; to offer, and invests all the funds raised in an asset that yields the
safe returnx. To simplify the notation we will omit the subindexand simply write the
bank’s decision variables &g andr;. Given the existence of a capital requirement, the
bank’s choice of capital must satisfy the constraing k.

To obtain the symmetric Nash equilibrium of the model of bank competition we first
compute the demand for deposits of bankvhen it offers the deposit ratg while the
remainingn — 1 banks offer the rate. In this situation bankj only has two effective
competitors, namely banks— 1 and;j + 1. A depositor located at distangdrom bankj
and distance n — z from bank; + 1 will be indifferent between going tporto j + 1 if

4 There is a huge literature in corporate finance, starting with Myers and Majluf (1984), that justifies this
assumption in terms of asymmetric information costs.

5 HMS (2000, p.151) argue that “the assumption of deposit insurance best reflects reality,” but it also consid-
erably simplifies the analysis. In the absence of deposit insurance, the expected return of the deposits of a bank
would depend on its investment decision, so the modelling of competition in the deposit market would be more
complicated. See Matutes and Vives (1996) for a model without deposit insurance where the depositors form
beliefs about the probability of failure of banks.

6 See Repullo (2000) for a model in which the regulator’s incentives for closing the bank are explicitly ana-
lyzed.

7 See Fudenberg and Tirole (1991, Chapter 13).
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the return net of transport costs is the same, that is, if

1
rj—MZ=Tr—p ;—z .

Solving forz in this equation yields
1 rj—r
Z(”j"’)=z+ o

so taking into account the symmetric market area between pankl bankj — 1 gives the
following demand for deposits of bank;:

rj—r
n

Notice that forr; = r we havez(r,r) = 1/2n, i.e. the mid point between two adjacent
banks, and(,r) =1/n.
The problem of the bank’s shareholders at dadse

1
D(rjsr)ZZZ(rjvr):;—i_ (3)

1
k]rg%j[—ij(rj, r)+ m(a —rj+ @+ a)k;)D(rj,r)+

— vp] (4)

The first term in this expression is, with negative sign, the equity contribution of the bank’s
shareholders at date(recall thatk; is the amount of capital per unit of deposits). The
second term is the discounted value of the bank equity capital at date which equals

the value of its asset$]l + «)(1+ k;)D(r;, r), minus the value of its deposit liabilities,
(1+r;)D(rj, r). Notice that

A+a)A+kj)—A+r)=a—rj+ A+ a)k;j,

which is the expression that appears in the objective function. Thus the shareholders get
(per unit of deposits) the intermediation margin- r; plus the gross return 4+ « of
investing capitak; in the prudent asset. The third term in (4) is the discounted value of
remaining open at date+ 1 and hence obtaining a stream of profits at future dateg,
1 + 3, etc. The discount rate used in the last two terms is the cost of cagital

Differentiating the objective function (4) with respectitp, and using assumption (2),
gives

1+ oa—p
-1+ — |D(rj,r)= ——D(rj, 0,
< +1+p) (rj,r) 11, (rj,r) <

so we have a corner solutidn = k. Obviously, since the cost of capitalis greater than
the returnx of the prudent asset, it makes no sense for the bank to hold excess capital.

8 In HMS, the discount rate of the banks’ shareholders does not coincide with the cost of (outside equity)
capital. Assuming as in the pecking order theory of Myers and Majluf (1984) that the former is smaller than the
latter, the shareholders would want to reinvest all their profits in order to reduce the need to raise outside equity,
eventually funding all the capital requirement with inside equity. For this reason, we simply assume that there is
no outside equity capital.
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Substituting this result into the objective function (4), differentiating it with respect to
r;, and using the demand function (3), gives the following first-order condition:

—é-i- 1 |:oz—rj+(1+ot)k B <}+r.,' —r)i| _o.
w o 1+p W n W

The (unique) symmetric Nash equilibrium is then obtained by settirgr in this condi-

tion and solving for-, which gives theequilibrium deposit rate when the banks can only

invest in the prudent asset:

rptk) =a — & — 5pk, (5)
n
where
dp=p—a. (6)

Sincedp > 0 by assumption (2), the equilibrium deposit rate is decreasing in the capital
requiremenk.

The equilibrium intermediation margin, defined as the difference between the asset re-
turna and the equilibrium deposit rate (k), is

a—rpt) =2 +spk.
n

Hence, the margin is increasing in the ratio between the unit transporjucasd the
number of banks, in the differentiab p between the cost of capitaland the return of the
prudent asset, and in the level of the capital requiremént-or k = 0 the margin equals
the ratiow/n, and fork > 0 the margin is such that
1 /n 1 u
ol At k) = —k+ 1+p(n + (14 p)k) = T
This means that the outcome of the competition for deposits implies that the banks’ share-
holders get (per unit of deposits) the margifn plus the required rate of return on their
capital. Hence, as in Salop’s (1979) model, the ratia is the appropriate measure of the
banks’ market power.
Substitutingk; = k andr; =r = rp(k) into the objective function (4), and taking into
account the fact that by dynamic programming the maximized value iS/alsgields the
equation

—k+

Vp = (£ +Ve)
P_1+p}’l2 P

so thebanks' franchisevalueis

Vp = . (7)

pn
This expression is easy to understand. Each bank rajsesldposits at each date=
0,1,2,..., and gets profits (net of the cost of capital) equajtt? at each date =

1,2,3,..., with present value at= 0 equal to

[1 P S S }u "
1+p (1A+p2 @A+p)° n?  pn?’
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The franchise valu&p is increasing in the transport cgstand decreasing in the num-
ber of banks: and in the cost of capital. Interestingly,Vp does not depend on the return
a of the prudent asset, since this return (net of the intermediation margin) is entirely paid
to the depositors. AlsoVp does not depend on the capital requiremenbecause the
negative effect of the capital requirement is exactly compensated by a reduction in the
equilibrium deposit ratep (k). Hence the cost of the capital requirement is entirely pass
onto the depositors, who are correspondingly made worse off.

3.2. The model with the gambling asset

Suppose next that at each dateach bankj chooses the amount of capital > k to
hold per unit of deposits and the deposit rateo offer, and invests all the funds raised
in an asset that yields the high retyrrwith probability 1— 7, and the low retur with
probability .

When the gamble fails the value of the bank’s assetd is 8)(1+ k;)D(rj,r). We
will assume that this is smaller than the valder ;) D(r;, r) of its deposit liabilities? so
in this case the bank is closed by the regulator, and by limited liability its shareholders get
zero. Hence, the problem of the bank’s shareholders atdate

1-n 1-7
kg%/_[—k,‘D(r,‘, r) + m(y —rj+ A+ y)k;)D(rj,r) + 17, VGi|: (8)
where Vg is the bank’s franchise value in the model with the gambling asset. Thus the
bank’s objective function is similar to that of the model with a prudent asset, except that
now the asset return js instead otr, and the second and third terms are multiplied by the
probability 1— 5 that the gamble succeeds.

Differentiating the objective function (8) with respectip and using assumptions (1)
and (2), gives

A-0A+P\,

so we also have a corner solutibp= k.
Substituting this result into the objective function (8), differentiating it with respect to
r;, and using the demand function (3), gives the following first-order condition

_ﬁ_i_l—n'[y—rj—i-(l—l-y)k_(}_i_rj—r)]zo’
0 noou

T(1+8)
T

D(ri,r) <0,
110 (rj,r)

w o l4p

The (unique) symmetric Nash equilibrium is then obtained by settirgr in this condi-
tion and solving for-, which gives theequilibrium deposit rate when the banks can only
invest in the gambling asset:

rok) =y — % — Gk, ©)

9 Sincer; > 0, a sufficient condition is thatl + 8)(1+ k;) < 1. In particular, this condition would hold if
1+ B =0, that is if the gross return when the gamble fails is zero.
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where
1+
5 = T2 — (1+7). (10)
— T
Since by assumptions (2) and (1),

L-m86=1+p) —A-m)A+p)>A+a)— L-1)(1+7)
>n(1+ ) >0,

the equilibrium deposit rate is decreasing in the capital requiretment
The equilibrium intermediation margin, defined as the difference between the success
returny and the equilibrium deposit ratg (k), is

y —rg(k) = % +8ck.

Hence, the margin is increasing in the ratio between the unit transporjucasad the
number of bankg, in the cost of capitab, in the probability of failurer, and in the level
of the capital requiremerit, and is decreasing in the success return of the gambling asset
y. Fork = 0 the margin equals the ratjo/n, and fork > 0 the margin is such that
l1-n 1+ 1-n
R i k> =—£

1-n
kT — )+ A+ k) = —k+ - (E - .
+1+p(” ro (k) + (L+y)k) +l+p<n 1-x 1+pn

Hence, the outcome of the competition for deposits implies that the banks’ shareholders
get (per unit of deposits) the margity n with probability 1— 7 plus the required rate of
return on their capital.

Substitutingk; = k andr; = r = rg (k) into the objective function (8), and taking into
account the fact that by dynamic programming the maximized value i/glsgields the
equation

Vo= (L 1y,

n
so thebank’sfranchise valueis
A-m)n
= " 11
6= (11)

As before, this expression is easy to understand. Each bank rdisedeposits at each
dater = 0,1, 2, ..., and gets profits (net of the cost of capital) equakja? at each date
t=1,23,..., with probability (1 — 7)’, a stream that has present value at0 equal to

1-7 1-7\? 1-7\° 7 A—mu
J— + J— + [ + e —2 = 72'
1+p 1+p 1+p n (p+m)n
Hence, the one-period net expected retyin; 7)u/n?, is discounted at a rate that is the

sump + 7 of the opportunity cost of bank capital and the probability that the gamble fails
and the bank is closed by the regulatbr.

10 Notice the similarity with the discount rate in models where consumers face in each period a constant
probability of death; see Blanchard (1985).
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The franchise valu& is increasing in the transport cqgstand decreasing in the num-
ber of banks:, the cost of capitap, and the probability of failurer. As in the case of
the model with the prudent asset, the franchise vaéyeloes not depend on the success
returny of the prudent asset, since this return (net of the intermediation margin) is entirely
paid to the depositors. Alsd/; does not depend on the capital requiremieribecause
the negative effect of the capital requirement is exactly compensated by a reduction in the
equilibrium deposit rateg (k).

3.3. The general model

If the banks can invest in either the prudent or the gambling asset, there are two possible
types of symmetric equilibria: one in which all the banks invest in the prudent asset, and
another one in which all the banks invest in the gambling asset. By the arguments in the
previous subsections, it is clear that in no case the banks will want to hold any excess
capital, so we can sé} = k and focus on the choice of deposit rates and type of investment.

A prudent equilibrium exists if no bank;j has an incentive to deviate from a situation
in which all the banks offer the deposit rate(k) and invest in the prudent asset, that is,
if the following condition holds:

1_
ﬂlax[ —kD(rj,rpk)) + ﬁ(y —rj+ @+ y)k)D(rj,rpk))

1-n

+
1+p

ij| < Vp. (12)

The left-hand side of this expression is the present value of the deviation to the gambling
strategy at any date!! while the right-hand side is the value of the bank in the prudent
equilibrium.

A gambling equilibrium exists if no bankj has an incentive to deviate from a situation
in which all the banks offer the deposit rate(k) and invest in the gambling asset, that is,
if the following condition holds:

max[ — kD(rj, rg(k)) +

T

1
T (@i k) D (.6 ()

V(;i| < V. (13)

The left-hand side of this expression is the present value of the deviation to the prudent
strategy at any date while the right-hand side is the value of the bank in the gambling
equilibrium.

We can now state the main result of this section.

11 see Fudenberg and Tirole (1991, Chapter 4) for a proof that one-stage-deviations are sufficient to character-
ize subgame perfect equilibria.



166 R. Repullo / Journal of Financial Intermediation 13 (2004) 156-182

Proposition 1. There are two critical values of the banks' margin

—a— (86 —8p)k
mp (k) =~ a2(h(—Gl) PR and  mg(k) = hmp (6, (14)

where

_ p+m
h= /7(1_]1)10 >1, (15)

such that a prudent equilibrium exists if the margin w/n satisfies u/n > mp(k), and a
gambling equilibrium exists if the margin w/n satisfies u/n < mg (k).

By the definitions (10) and (6) & andsp and assumption (1) we have

é¢—dp>A-m)dg—dp=1A+)—A-m)A+y)>n1+p) =>0.

Hence, the critical values p (k) andmg (k) defined in (14) are linearly decreasing func-
tions of the capital requirement Moreover, since: > 1, their interceptsnp andmg
satisfy

mp=mp(0) <mg(0)=mg,

and we also have
mp(l%) = mG(IG) =0
for

Yy —«a

k= :
86 —8p

(16)

Sincedg — dp > 0 andy > « by assumption (1), we have> 0. Hence we have the
situation depicted in Fig. 32 In region P, the intermediation margin/» is above the line
mg(k), and only the prudent equilibrium exists. In region G, the margin is below the
line mp(k), and only the gambling equilibrium exists. And in regi®+ G, where the
marginu/n is between the two lines, both types of equilibria exist.

Therefore, high values of the measuyrgn of the banks’ market power are conducive
to the prudent equilibrium. The intuition for this result is fairly obvious. If the banks ob-
tain large rents when open, they have an incentive to choose the prudent strategy in order
to preserve these rents. Conversely, if the banks obtain little rents when open, they have
an incentive to gamble. Finally, for intermediate values of the maugim, the strategic
interaction among the banks generates multiple equilibria.

To explain this multiplicity observe that, sineep (k) > 0 impliesrg (k) > rp(k), in
region P + G, where both types of equilibria exist, the gambling equilibrium is charac-
terized by higher deposit rates. Now suppose for simplicity that0, and letrg = rg(0)
andrp = rp(0). If all the banks set the high deposit rate and choose the gambling
strategy, then by the proof of Proposition 1, a deviating bank choosing the prudent strat-

12 Figures 1-3 are drawn for the following parameter values:0.1, 8 = —1, andy =7 = p =0.2.
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k k

Fig. 1. Characterization of equilibrium with capital requirements,

egy will offer the lower rate(rg + rp)/2, so if u/n is not sufficiently large its margin,
a—(r¢g+rp)/2=(x—y)/2+ u/n, will be small (possibly negative), and the devia-
tion will not be profitable. On the other hand, if all the banks set the low deposit rate
rp and choose the prudent strategy, then by the proof of Proposition 1, a deviating bank
choosing the gambling strategy will offer the higher réte + rp)/2 and it will get more
depositst but if the marginu/n is sufficiently large, the gain when the gamble succeeds
will not compensate the loss of future rents when the gamble fails, so the deviation will not
be profitable.

The effect of the parameters of the model on the characterization of the regions in the
k — nu/n space is easy to derive by simply looking at the effect of changes in these para-
meters on the critical values p, mg andk that determine the intersections of the linear
functionsm p (k) andm g (k) with the two axes.

First of all, it is easy to check thatp, mg andk are all increasing in the spread
y — a between the success return of the gambling asset and the return of the prudent
asset. Hence, when the gambling asset becomes relatively more attractive, the gam-
bling equilibrium region becomes larger and the prudent equilibrium region becomes
smaller.

Furthermoremp, mg andk are all decreasing in the probability of failure of the
gambling asset? so an increase in the probability-17 of obtaining the future rents
associated with the gambling strategy has the same qualitative effect as an increase in the
spready — a.

13 This clearly illustrates the destabilizing role of deposit insurance: When a bank deviates to the gambling
strategy the depositors assume that they will always get the highirate rp)/2, without taking into account
that the bank will fail with probabilityr .

14 sincem p andmg are decreasing ih anddh/dx > 0, andk is decreasing idg — §p andd(8g — 8p)/
o > 0.
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Finally, the effect of the cost of capital is more complicated since it increases the
critical valuesn p andmg, and it reduces the critical valie!® The effect on the intercepts
comes from the fact that an increase@ireduces the present value of the higher future rents
associated with the prudent strategy, making it relatively less attractive than the gambling
strategy. But at the same time, the capital requirement has more bite for the gambling
strategy, so for large values éfthe prudent equilibrium region becomes larger. Hence,
an increase in the cost of capital has a negative effect on the banks’ incentives for prudent
investment behavior, unless they operate in an environment with high capital requirements.

The implications of our results for capital regulation are immediate. If an increase in
bank competition reduces the intermediation margjim and pushes the banks to the
gambling equilibrium region, then an increase in the capital requiremeain always
shift them back to the region where a prudent equilibrium exists.

To see whether this is efficient, one needs to compute the welfare gain for both the
depositors and the banks’ shareholders. In a prudent equilibrium the depositors get

T+rpt)=1+a—2 —spk
n

at each date, while the banks’ shareholders get the margin'® In a gambling equilib-
rium the depositors get 4 rg (k) with probability 1— z, and (since they are taxed to
finance deposit insurance payouts) the liquidation value of the banks’ assefswlith
probabilityz,” so in expected terms they receive

(1—7t)(1+r(;(k))—|—7t(1+,3)=1+(1—71)<y - %) 478 — (1—1)dGk.

In this gambling equilibrium, the banks’ shareholders obtain at each date the mavrgin
with probability 1— 7, so in expected terms they gét— )/n.18 Table 1 summarizes
the welfare properties of the two types of equilibrium.

Table 1
Agents’ payoffs at each date for the two equilibria
Depositors Banks’ shareholders
Prudent equilibrium va— L spk ®
n n
(n/nzmp k)
Gambling equilibrium l%(lfn)(y - ﬁ) + 7B — (1—m)dgk (1771)ﬁ
n n

(u/n < mgk))

15 sincem p andm are decreasing ih anddh/dp < 0, andk is decreasing idg — 8p andd(Sg — 8p)/
am > 0.
16 As noted in Section 3.1, the banks’ shareholders oltainrp (k) + (L 4+ a)k = u/n + (1+ p)k at each
date, but(1 + p)k is just the compensation for their investment in bank capital.
17 we are assuming, without loss of generality, that the returns of the gambling asset are perfectly correlated
across banks.
18 As noted in Section 3.2, the banks’ shareholders obtainrg (k) + (1 + y)k = u/n + (1 + p)k/(1 — )
at each date with probability 4 7z, which in expected terms equals— ) /n + (1+ p)k. But (1 + p)k is just
the compensation for their investment in bank capital.
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Hence, the payoff of the depositors is decreasing in the level of the capital requirement
for both the prudent and the gambling equilibrium, while that of the banks’ shareholders is
independent of. This simply follows from the fact that the cost of the capital requirement
is entirely passed on to the depositors.

Table 1 shows that, for any level of the capital requirenierbhe banks’ shareholders
are better off in the prudent than in the gambling equilibrium. The comparison is more
complicated for the depositors. Foe= 0 they prefer the prudent equilibrium if and only if

a>(1—n)y+n(ﬁ+%). (17)

This is stronger than the requirement in assumption (1) that the return of the prudent asset
be greater than the expected return of the gambling asset. The reason why theiferm
appears here is that in the prudent equilibrium the maugimis always transferred to the
banks, while in the gambling equilibrium this happens only when the gamble succeeds.
Since we have shown that the coefficient% af the depositors’ payoffs in Table 1 satisfy
(1—m)dg > ép, it follows that assumption (17) is all we need to ensure that, for any level
of k, the depositors are better off in the prudent than in the gambling equilibrium.

Now suppose that (17) holds, and that ko 0 only the gambling equilibrium exists.
In this case, the minimum capital requiremghtrequired to avoid gambling is defined by
the conditionm p (k*) = u/n,*° which by (14) gives

y —a—2(h—Dpu/n

k* = 18
Fy— (18)
By our previous discussion it is clear that
ak* ak* ak*
<0, — <0, and <0,
a(u/n) a(y —a) om

so the minimum requiremeht is decreasing in the intermediation margipn and in the
probabilitys of failure of the gambling asset, and is increasing in the sppead between

the success return of the gambling asset and the return of the prudent asset. On the other
hand, the effect of the cost of capifalon the minimum requireme#t is ambiguous.

It is important to note while the banks’ shareholders will be better off in the prudent
equilibrium with capital requiremerit* than in the gambling equilibrium with no capital
requirement, this will not be necessarily so for the depositors. In order to ensure this,
assumption (17) would need to be strengthened to

a>1-n)y —i—n(ﬁ—i—%) + 8pk*.

Alternatively, we could assume that bank failures entail significant administrative and/or
bankruptcy costs incurred by the regulator and passed on to the depositors via taxation.
We conclude, therefore, that capital requirements are good for fostering prudent bank
behavior, although they have a negative impact on the depositors who bear the burden of the
requirement in the form of lower deposit rates. In addition, the minimum required capital

19 We are implicitly assuming that in the case of multiple equilibria the banks play the equilibrium that yields
the highest payoff to them. Since by (7) and (11) we hépe> V5, this criterion selects the prudent equilibrium.
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should be higher in environments with relatively attractive gambling assets (in terms of
either upside returns or success probabilities), and/or with low intermediation margins.

4, Extensions

In the previous section we have shown that flat-rate capital requirements are an effective
policy instrument for addressing the banks’ incentives for risk-taking. We now examine
two alternative ways of inducing the banks to choose prudent investment strategies. The
first one is to have risk-based capital requirements, that is capital requirements that dis-
criminate in favor of investmentin the prudent asset. The second one is to introduce deposit
interest rate ceilings, that is an upper bound on the rates that banks are allowed to pay to
the depositors.

4.1. Risk-based capital requirements

Suppose that the banks are subject to a capital requirekpeiftthey invest in the
prudent asset and a capital requiremignptf they invest in the gambling asset, witp <
k. Moreover, assume thap = 0 andkg =k > 0, and let

rp=rp(0)=a— "= (19)
n
denote the deposit rate in the prudent equilibrium.
A prudent equilibrium exists if no bankj has an incentive to deviate from a situation in
which all the banks offer the deposit rate and invest in the prudent asset, that is, if the
following condition holds:

1-n
1+p

The left-hand side of this expression is the present value of the deviation to the gambling
strategy at any datg which involves a capital charge per unit of deposits, while the
right-hand side is the value of the bank in the prudent equilibrium.

A gambling equilibrium exists if no bankj has an incentive to deviate from a situation
in which all the banks offer the deposit raig(k) and invest in the gambling asset, that is
if the following condition holds:

1-n
max[—kD(rj, )+ Ty =1y KA+ )DCre) +

T

Vpi| < Vp.(20)

1
ma><[1+ p (a — rj)D(rj, rg(k)) +

T

Vo | < V6. 21
11, Gj| G (21)
The left-hand side of this expression is the present value of the deviation to the prudent
strategy at any date which involves a zero capital charge, while the right-hand side is the
value of the bank in the gambling equilibrium.

The following result characterizes equilibrium with risk-based capital requirements.

Proposition 2. If the regulator imposes a capital requirement & for investment in the gam-
bling asset and no requirement for investment in the prudent asset, there are two critical
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values of the banks' margin

y —a — gk
T

where i is given by (15), such that a prudent equilibrium exists if the margin w/n
satisfies u/n > m'y (k), and a gambling equilibrium exists if the margin u/n satisfies
w/n < mg (k).

and mg; (k) = hm'p(k), (22)

Sinceds > 8¢ — 8p, the functionsn’, (k) andmy; (k) in (22) that characterize the equi-
libria with risk-based capital requirements are steeper than the funetip@ie andmg (k)
in (14) that characterize the equilibria with flat-rate capital requirements, so the former in-
tersect the horizontal axis at a poitit< k. This implies that the region above the line
my (k), where only a prudent equilibrium exists, becomes larger, and the regions below the
line m’, (k) and between the two lines where, respectively, only a gambling equilibrium
and both types of equilibria exist, become smaller. This is illustrated in Fig. 2.

The welfare properties of equilibrium with risk-based capital requirements are summa-
rized in Table 2. The only difference with Table 1 is that now the capital requirement only
applies to investments in the gambling asset, so banks do not hold any capital in the prudent
equilibrium, and consequently the payoff of the depositors is in this case independent of
k. Hence, if assumption (17) holds, the minimum requirement that ensures that banks will
play the prudent equilibrium is such that the depositors are better off in this equilibrium
than in the gambling equilibrium with no capital requirement.

The conclusion is then that risk-based capital requirements are more efficient tools for
the regulator, because they can ensure the existence of a prudent equilibrium at no cost in
terms of bank capital. However, we have started our analysis with the assumption that the
asset choices of the banks are not observed by the regulator, for otherwise he could directly
prevent the banks from investing in the gambling asset. So how could the regulator enforce

Y7/

mg

Fig. 2. Characterization of equilibrium with risk-based capital requirements.
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;zl:r?ts’ payoffs at each date for the two equilibria with risk-based capital requirements
Depositors Banks’ shareholders
Prudent equilibrium Fo-— Lt Lt
(/0> mly () ! !
Gambling equilibrium H—(l—n)(y - %) + 78— (L—m)dgk (l—n)%

(1e/n < mi; (k)

a risk-based capital requirement if he does not observe the characteristics of the banks’
portfolios?

A possible answer to this question would be to set up a regulatory structure that makes
it incentive compatible for the banks to reveal their asset choices to the regulator, for exam-
ple by offering them the possibility to use their own risk management systems in order to
compute the capital that they are required to hold. In fact, the Basel Committee on Bank-
ing Supervision (2001, pp. 8-9) is putting forward revised proposals for a standardized
approach for credit risk capital charges, and specific proposals for a new internal ratings-
based (IRB) approach that “incorporates in the capital calculation the bank’s own internal
estimates of the probability of defaul®and “provides capital incentives relative to the
standardized approach.” Thus one can interpret the proposed reform of the 1988 Basel
Capital Accord as a way to induce the banks to reveal private information about the risks
in their loan portfolios by effectively reducing their capital requirements. However, a for-
mal argalysis of the incentive-compatibility of these proposals is beyond the scope of this
papertt

4.2. Deposit rate ceilings

We now examine the effects a regulation that prevents the banks from offering deposit
rates above a ceiling Such a regulation has been advocated by HMS as an efficient way
to control risk-shifting incentives. We will show deposit rate ceilings expand the prudent
equilibrium region, but that there is a large set of parameter values for which no ceiling
greater than or equal to zero can ensure the existence of a prudent equilibrium.

In what follows we assume that there are no capital requiren&nts0), and we let
rp=rp(0)=a — u/n andrg =rg(0) = y — u/n denote, respectively, the prudent and
gambling equilibrium deposit rates in the absence of a ceiling.

If a prudent equilibrium exists when the regulator introduces a deposit rate cgjling
the bank’s franchise value will be

Vp(f)zmaX{L u}

5 (23)
pn pn

20 Obviously, this requires that the banks’ risk management systems be validated by the regulator, which is the
subject of the so-called second pillar of the New Capital Accord.

21 see Chan etal. (1992) for an analysis of the related problem of designing an incentive-compatible risk-based
deposit insurance scheme in the presence of both private information and moral hazard. Interestingly, they show
that incentive-compatibility requires banks to have market power.
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To explain this expression notice thafrif> rp, the ceiling is not binding and we have the
same franchise value as in (7), namglypn?. On the other hand if < rp, the ceiling is
binding, the banks will get profitgx — 7) /n at each date, and the present value of this flow
will be (@ —7)/pn. Sincew/pn? < (a —7)/pn ifand only ifF < o — u/n =rp, (23) then
follows.

Similarly, if a gambling equilibrium exists with ceiling, the bank’s franchise value
will be

(24)

Ve () =max{ A-—mp A-—m)(y —7) }

(p+mn? (p+m)n
To explain this expression notice thatrif> rg, the ceiling is not binding and we have
the same franchise value as in (11), nam@ly- 7)u/(p + 7)n?. On the other hand if
r < rg, the ceiling is binding, the banks will get profitg — 7)/n at each date with
probability (1 — 7)!, and the present value of this flow will k& — 7)(y —7)/(p + 7)n.
Since(1—m)u/(p +m)n? < A —7m)(y —F)/(p+m)nifandonly ifF <y — u/n=rg,
(24) then follows.

A prudent equilibriumwith ceiling7 exists if no banki has an incentive to deviate from
a situation in which all the banks offer the deposit ratef{iinp } and invest in the prudent
asset, that is if the following condition holds:
1-7
1+p
The left-hand side of this expression is the present value of the deviation to the gambling
strategy at any date which incorporates the constraint that the deposit rate offered by
bankj cannot exceed the ceiling, while the right-hand side is the value of the bank in the
prudent equilibrium.

A gambling equilibrium with ceiling 7 exists if no bankj has an incentive to deviate
from a situation in which all the banks offer the deposit rate{mir;} and invest in the
gambling asset, that is if the following condition holds:

— 7T .
max] ——(y —r;)D(r;, min{r, +
"< 1+p()’ V,/) (rj (r VP})

weﬂgwwy (25)

1 .
ngrg{l+p(a—r.,')D(rj,mln{F,rG})+ VG(f)i| < Vg (r). (26)

1+p
The left-hand side of this expression is the present value of the deviation to the prudent
strategy at any date which incorporates the constraint that the deposit rate offered by
bankj cannot exceed the ceiling, while the right-hand side is the value of the bank in the
gambling equilibrium.

The following result characterizes equilibrium with deposit rate ceilings.

Proposition 3. If 7 > rp, where
_ ah?—y
r =
P= 21

and & is given by (15), there are two critical values of the bank’'s margin, m p () and
mg(r), with

(27)

(Fp) = mg(Fp) = L2
mp(rp) =mg(p =371
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andmp(r) < mg(7) for ¥ > p, such that a prudent equilibriumwith ceiling 7 exists if the
margin n/n satisfies u/n > mp(r), and a gambling equilibriumwith ceiling 7 existsif the
margin wu/n satisfies u/n <mg(@p). Onthe other hand, if 7 < 7p, a prudent equilibrium
with ceiling 7 existsfor all /n.

The critical valuesmp(r) and mg(r), which are defined by (A.1) and (A.2) in
Appendix A, are increasing in the ceilingfor rp <7 < (¢ + y)/2—mp =y — mg,
and satisfymp(r) =mp forr > (@ + y)/2 —mp, andmg () = mg forr > y — mg.

Hence, we have the situation depicted in Fig. 3. In regigrthe intermediation margin
wu/n is above the lineng(7), and only the prudent equilibrium exists. In regiGn the
marginu/n is below the linem p (), and only the gambling equilibrium exists. And in
region P + G, where the margin/n is between the two lines, both types of equilibria
exist.

Figure 3 shows that, as in the case of capital requirements, if an increase in bank com-
petition reduces the intermediation margirin, and pushes the banks to the gambling
equilibrium region, there is a deposit rate ceilinthat can ensure the existence of a pru-
dent equilibrium. Clearly, for & u/n < a — rp only a binding ceiling (that is, a ceiling
with 7 < @ — u/n = rp) will work, while for « — rp < u/n < mp a nonbinding ceiling
will suffice. As noted by HMS, the latter case is especially attractive, since nonbinding
ceilings do not distort the level of deposit rates.

The welfare properties of equilibrium with deposit rate ceilings are summarized in
Table 3. Comparing it with Table 2, we conclude that in those cases where a prudent
equilibrium exists with a nonbinding ceiling, the depositors and the banks’ shareholders
are indifferent between ceilings and risk-based capital requirements, while in those cases
where a binding ceiling is needed to sustain prudent bank behavior, the depositors are
worse off and the shareholders are better off than in the prudent equilibrium with risk-
based requirements.

wn

m(}

P+G

74 a+y 4 r
2

Fig. 3. Characterization of equilibrium with deposit rate ceilings.



R. Repullo / Journal of Financial Intermediation 13 (2004) 156-182 175

Table 3
Agents’ payoffs at each date for the two equilibria with deposit rate ceilings
Depositors Banks’ shareholders
Prudent equilibrium 'S min{f, o — ﬁ} max{a -7, ﬁ}
n n

(r<rporr>ip
andu/n > mp (7))
Gambling equilibrium H(A-m) min{f, y — ﬁ} + 7B l-m)ymaxjy —r, ﬁ}
n n
(F>rpandu/n <mg (7))

However, there is a potential problem with both deposit rate ceilings and flat-rate capital
requirements which we have not discussed so far, namely the fact that in order to guarantee
the existence of a prudent equilibrium the deposit rates implied by either regulation may be
negative. In the case of deposit rate ceilings, this would happen when the criticaFyalue
in (27) is negative, that is when

Yo (28)

o
because then by Proposition 3 for anyx:Qi/n < « the required ceiling would satisfy<
rp < 0. In the case of flat-rate capital requirements, this would happen wh@) < 0.
Using the definitions of p (k) andk* in (5) and (18), one can show after some tedious
manipulations that

rpk”) = (plah® =y)+[y —a@i -1 - p(h—1?%).

6g —9dp
From here it is easy to show that if (28) holds, ther(k*) < O for any O< u/n < a.
In other words, flat-rate capital requirements are effective in controlling risk-shifting in-
centives only if deposit rate ceilings are also effect@®y contrast, risk-based capital
requirements are not subject to this problem, because the capital requirement does not
have any effect on deposit rates in the prudent equilibrium.

We conclude, therefore, that deposit rate ceilings can ensure the existence of prudent
equilibria that otherwise would not exist, unless the success return of the gambling asset
y is too large relative to the return of the prudent assethe intuition for this result is
the following. If investment in the gambling asset becomes very attractive for the banks’
shareholders, they will not refrain from investing in this asset even when the future rents
associated with investment in the prudent asset reach the upper bound that obtains for
r = 0. In this case, only risk-based capital requirements would be effective, since they
directly penalize investment in the gambling asset without distorting prudent equilibrium
rates.

22 The converse is not true. In particular, one can show that ior 4 < y /o < h2 we haverp > 0 and
rp(k*) < 0 for u/n sufficiently close tax.
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5. Conclusion

This paper has reexamined the role of capital requirements and deposit rate ceilings as
a regulatory tools to reduce risk-shifting incentives in situations of increased competition
in banking. Building on Hellmann et al. (2000), we have shown that for a particular model
of imperfect competition in the deposit market, both instruments are in general effective in
preventing the banks from taking excessive risks.

The reason for our different results lies in the fact that in our model the costs of an
increase in the capital requirement are, in equilibrium, fully transferred to the depositors.
Since the equilibrium intermediation margins remain constant, banks’ franchise values do
not change, so the only effect of a higher capital requirement is to increase the capital
loss to the bank’s shareholders in case of default. Deposit rate ceilings, by contrast, work
through a different channel: they provide higher rents and increase banks’ franchise values
(if they are binding), and reduce the profits from a deviation to riskier investments (if they
are not).

We have also shown that both flat-rate capital requirements and deposit rate ceilings
may imply very low (even negative) interest rates, but that this problem does not arise with
risk-based capital requirements that penalize investment in riskier assets. Thus, if the reg-
ulator wants to ensure prudent bank behavior without distorting the level of deposit rates,
she may use either nonbinding deposit rate ceilings or risk-based capital requirements.
However, while nonbinding ceilings are only effective when the banks retain significant
market power, risk-based requirements, if they can be implemented, work for any degree
of market power.

To the extent that capital regulation is intended to induce prudent bank behavior, our
results imply that moving from the flat-rate capital requirements of the original 1988 Basel
Accord to the risk-based requirements of the proposed reform of the Accord, known as
Basel I, would allow a reduction in the overall level of regulatory capital. Paradoxically,
according to the Basel Committee on Banking Supervision (2001, p. 9), the stated goals
of Basel Il are “neither to produce a net increase nor a net decrease—on average—in
minimum regulatory capital.”

It is important to bear in mind that our results are derived from a model with a number
of special features: depositors cannot invest in assets other than bank deposits and their
aggregate demand is fixed, banks face a perfectly elastic supply of both the prudent and the
gambling asset and a perfectly elastic supply of equity capital, etc. This means that some
results may not be robust, and perhaps more importantly, that some issues like the welfare
cost of the banks’ market power and hence the trade-off between competition and stability
of the banking system cannot be addressed. Having said that, a fully-worked-out model
like the one in this paper may turn out to be a very useful benchmark for further work in
this area.
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Appendix A

Proof of Proposition 1. Differentiating the left-hand side of condition (12) with respect
to r;, and using the demand function (3), gives the following first-order condition:

_k L 1—71[)/ —rj+kQ+y) (}+ rj —rp(k)>i| _o.
w o l+p s n s
Solving forr; in this expression and using the definition (9ygfk) we conclude that the
deviating bankj will offer the deposit rate
I rg (k) +rp (k)
J = 2 .
Substituting this result back into (12) and rearranging then gives

L—n (o) —rp()?® rk)—rp(k)  p\ 1l—m

+ = )+
1+p 4u n n2 1+p
SubstitutingVp from (7) into this expression, and using the definition (15ka&ind the
fact that by (5) and (9) we have; (k) — rp(k) =y — a — (§¢ — 8p)k, the condition for
the existence of a prudent equilibrium simplifies to

Vp < Vp.

1 2 n [1\2
by —a =66 —sph*+ [y —a— 66— spk]= - w? -1 (%) <0,
Sinceh? > 1 ifand only if p + 7 > (1 — 7)p, that is if and only ifz (1 + p) > 0, itis
immediate to check that for — o — (§¢ — dp)k > 0O this inequality will be satisfied if
either
—a—(6g —8p)k —a—(6g —ép)k

g>)’ a— (8¢ —dp) —mp), or gg_y a— (8¢ —3dp)

n 2(h—1) n 2(h+1)
But this latter case can be disregarded since it violates the assumgtios 0.

Differentiating the left-hand side of condition (13) with respect-fp and using the

demand function (3), gives the following first-order condition:

_ﬁ 1 |:oz—rj+k(1+ot)_<}+r./—rc(k)):|=0'

+
wo 1+p W n W
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Solving forr; in this expression and using the definition (5)pfk), we conclude that the
deviating bankj will offer the deposit rate

rg (k) +rp (k)
ri=——— -
2
Substituting this result back into (13) and rearranging gives

1 ((VG(k)—VP(k))Z_”G(k)—”P(k)+i)+
1+p Au n n2 1+p

SubstitutingVs from (11) into this expression, and using the definition (15} @fnd the
factthatrg (k) —rp(k) =y —a — (8 — §p)k, the condition for the existence of a gambling
equilibrium simplifies to

1

W 1 1\2
Z[y—a—(aa—amk]z—[y—a—(ac—ap)k];+(1—ﬁ>(;) <o0.

Ve < Vi.

Sinceh? > 1, it is immediate to check that far — o — 8k > 0 this inequality will be
satisfied if

hly —a— (g —dp)kl _p _ hly —o — (3 — 8p)k] — hmp () = me (k).

2(h + 1) S 2(h — 1)
But the first inequality can be disregarded since one can show that
k k
D(L;”’“,mac)) >0
if and only if
KoY —a— (g —dp)k - hly —a — (86 — dp)k]
n” 2 2(h+1) '

Proof of Proposition 2. Differentiating the left-hand side of condition (20) with respect
to r;, and using the demand function (3), gives the following first-order condition:

_E+1—n|:y—rj+k(l+)/)_(}+rj—rp>j|zo.
w o l+p s n s

Solving forr; in this expression and using the definition (9ygfk) we conclude that the
deviating bank;j will offer the deposit rate

s ek trp

J = 2 .
Substituting this result back into (20) and rearranging gives
1-m k) —rp)? k) — 1—

((”G() rp) +rG() rP_,_ﬁ)_’_ T
1+p 1+p

4u n n2
SubstitutingVp from (7) into this expression, and using the definition (15ka&ind the
fact that by (9) and (19) we have (k) —rp = y —a — 8k, the condition for the existence

Vp < Vp.
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of a prudent equilibrium simplifies to

1 2 I 2 I
2~ =86k + (v — = 86k) - — (i —1)(—

n)zgo'

Sinceh? > 1, it is immediate to check that for — « — gk > 0 this inequality will be
satisfied if either

w_y—a—>4gk / H Yy —a—3gk

—_— = k), or ——"————

n” 2m—p "W n 2(h + 1)
But this latter case can be disregarded since it violates the assumgption 0.

Differentiating the left-hand side of condition (21) with respect-fp and using the

demand function (3), gives the following first-order condition:

a—rj _(E_’_rj—r(;(k)):O.
m n n

Solving forr; in this expression and using the definition (19)-gf we conclude that the
deviating bank;j will offer the deposit rate

Lo re®+rp
J = 2 .
Substituting this result back into (21) and rearranging gives

1 ((rc(k)—VP)z_’G(k)_rP+ “)+ Ve < Ve.

1+p 4 n n2) " 1+4p
SubstitutingVs from (11) into this expression, and using the definition (15):cdnd
the fact thatrg (k) — rp = y — a — 3Gk, the condition for the existence of a gambling
equilibrium simplifies to

1 2 7 1\ ,/mu\2
“(y—a— —(y—a— - - = )(F) <
v —a =86k’ — (v — o — 8k +(1 hz)(n) <o,
Sinceh? > 1, it is immediate to check that for — « — gk > 0 this inequality will be

satisfied if

h(y —a—86k) _pn _ h(y —a—dck)

X X

= hm'y (k) = m{; (k).

2(h+1) n 2(h— 1)
But the first inequality can be disregarded since one can show that
D(m@%,m(k)) >0
if and only if

M>7/—a—50k h(y —a —38gk)
B -
n 2 2(h+1)
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Proof of Proposition 3. To characterize the prudent equilibrium region there are three
cases to consider. First,if< rp = o — p/n, it is immediate to check that; = 7 maxi-
mizes the left-hand side of condition (25), which then becomes

= ‘) + Ve < Vp()
— r) X r).
1+p v 1+p i i
SubstitutingVp () = (e —7) / pn into this expression and solving fagivesr < rp, where
rp is given by (27). Second, ifp <7 < (rp +rg)/2, it is also immediate to check that
rj =r maximizes the left-hand side of condition (25), which then becomes

1 4 —VP 1 % v _
—1+ (y—r)( P >+1+ p(r) < Vp(r).

SubstitutingVp () = 1/ pn? into this expression and rearranging gives
. _ M u\2
(v =P -0 +2r -P5 -2 (2) <0,
n n

It is immediate to check that this inequality will be satisfied if either

ﬁ( —F (2= 1) =G —7p)) =mp (), (A1)

or

ﬁ( —7 = (2= 1)y =G = 7).
But this latter case can be disregarded since one can show that{er it violates the
assumptionp =« — u/n < r, and forr > « it violates the assumption/n > 0. Finally,
if ¥ > (rp +rg)/2, by the proof of Proposition 1 we know that a prudent equilibrium exists
if u/n>mp.

To characterize the gambling equilibrium region there are also three cases to consider.
First, if 7 <rp =a — u/n, it is immediate to check that; = ¥ maximizes the left-hand
side of condition (26), which then becomes

1
1+ =N 1,

SubstitutingVs (r) = (1— ) (y — )/ (p + m)n into this expression and solving fegives

r > rp, Whererp is given by (27). Second, ifp < 7 < rg, differentiating the left-hand
side of condition (26) with respect tg and solving the corresponding first-order condition
givesr; = (r +rp)/2. Substituting this result back into (26) we get

1 r+rp 1 rp—r 1 _ _
— V. <V .
1+p(a+ . )(n+ - )+1+p () < Vi (7)

SubstitutingVs (7) = (1 — ) (y — 7)/(p + 7)n into this expression and rearranging gives

Vo (r) < Vg (7).

W25 —a)? — 202 — ) + 207 - ] L +02(2) <o,
n n
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It is immediate to check that this inequality will be satisfied if

(R -+ 2 -7 -2/ - )¢ - - 7)<

and

e (PE -+ 2y 422 - )G -G —7p) =me(). (A2)

But the first inequality can be disregarded since one can show that{ar it is implied
by the assumptionp =« — u/n < 7, and forr > « one can show that

D(““Z”’,f> >0

if and only if

/’“>r—a>h—(h (r—a)+2()/—r)—2\/h2 (y—F)(F—I’P))

n

Finally, if 7 > rg, by the proof of Proposition 1 we know that a gambling equilibrium exists
if w/n<mg.

To conclude the proof it is immediate to check that the definitions efr) andmg (i)
in (A.1) and (A.2) implymp (rp) =mg(@(p) andmp(r) <mg(r) forr >rp. 0O
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