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A large theoretical literature shows that competition reduces banks’ franchise values and
induces them to take more risk. Recent research contradicts this result: When banks charge
lower rates, their borrowers have an incentive to choose safer investments, so they will in
turn be safer. However, this argument does not take into account the fact that lower rates
also reduce the banks’ revenues from performing loans. This paper shows that when this
effect is taken into account, a U-shaped relationship between competition and the risk of
bank failure generally obtainsJEL G21, D43, E43)

The conventional wisdom of the banking literature holds that increased compe-
tition induces banks to take more ri$IBy reducing a bank’s franchise value,
competition reduces the penalty for failure and thus the incentive for prudence.
A key assumption in this literature is that banks invest in assets with exogenous
distributions of returns. Recent work BBoyd and De Nicolo(2005), BDN
henceforth, replaces this by the assumption that banks invest in loans. Follow-
ing the seminal paper on credit rationing 8tiglitz and Weisg1981), BDN
assume that the risk of these loans is increasing in the loan interest rate. Hence
a reduction in loan rates due to greater bank competition reduces the loans’
probability of default. They also assume that loan defaults are perfectly corre-
lated, in which case the loans’ probability of default coincides with the bank’s
probability of failure. Hence they conclude that competition reduces the risk
of bank failure.

We would like to thank the comments of Andres Almazan, Patrick Bolton, Douglas Gale, Anastasia Karta-
sheva, Gerard Llobet, Michael Manove, Andy Newman{ideSaurina, Hyun Shin, Javier Suarez, Suresh Sun-
daresan, Paolo Fulghieri (the Editor), and three anonymous referees, as well as those of seminar audiences
at the Universities of Boston, Columbia, Maryland, New York, and Princeton; the Federal Reserve Board,;
the Richmond Fed; the IMF; the 2008 FIRS Conference; and the 2008 Australasian, European, Far Eastern,
and Latin American Meetings of the Econometric Society. Financial support from the Spanish Ministry of
Education and Science [Grant SEJ2005-08875] is gratefully acknowledged. Send correspondence to David
Martinez-Miera, Universidad Carlos Ill de Madrid, Business Department, Madrid 126, 28903 Getafe, Spain.
E-mail: david.martinez@uc3m.es. Rafael Repullo, CEMFI, Casado del Alisal 5, 28014 Madrid, Spain. E-mail:
repullo@cemfi.es.

SeeKeeley(1990),Besanko and Thakd1993),Hellmann, Murdoch, and Stiglit2000), Matutes and Vives
(2000), andRepullo(2004), among others.

© The Author 2010. Published by Oxford University Press on behalf of The Society for Financial Studies.
All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org.
doi:10.1093/rfs/hhq057 Advance Access publication August 18, 2010

020z AINr gz uo Jasn eosjoliqig “eueds3 op ooueg Aq Z9GG9S L/8EIE/0L/EZ/AOBNSAR-O[OILE/SH/W00 dNO DlWapEeoe)/:SA]Y WOL) pOPEOjUMOQ



N

Does Competition Reduce the Risk of Bank Failure?

However, this finding does not necessarily hold in the (arguably more real-
istic) case of imperfect correlation of loan defaults, because then greater bank
competition also reduces the interest payments from performing loans, which
provide a buffer to cover loan losses. Thus, in addition torileshifting ef-
fect, there is amargin effectthat goes in the opposite direction, so the final
effect on the risk of bank failure is in principle ambiguous.

Our basic setup follows that of BDN, except for the introduction of imper-
fect correlation in loan defaults. Specifically, we use a static model of Cournot
competition in a market for entrepreneurial loans in which the probability of
default of these loans is privately chosen by the entrepreneurs. The banks are
funded with fully insured deposits and have no capital. To model imperfect
default correlation, we use the single risk factor modeVadicek(2002), ac-
cording to which the default of an individual loan is driven by the realization
of two risk factors: a systematic risk factor that is common to all loans, and
an idiosyncratic risk factor. This model is very convenient, since it provides
a closed form for the probability distribution of the default ratié.also en-
compasses the cases of statistically independent defaults (when the weight ofw
the systematic risk factor is zero) and perfectly correlated defaults (when the =
weight of the idiosyncratic risk factor is zero).

We show that the result in BDN is not robust to the introduction of even a
small deviation from perfect correlation in loan defaults. Specifically, when the
number of banks is sufficiently large, the risk-shifting effect is always domi-
nated by the margin effect, so any additional entry would increase the risk of
bank failure.

In less competitive loan markets the effect is ambiguous, so we resort to nu-
merical solutions for a large range of parameterizations of the model. We show g
that in general there is a U-shaped relationship between competition (measured§
by the number of banks) and the risk of bank failure. In other words, in very
concentrated markets the risk-shifting effect dominates, so entry reduces the
probability of bank failure, whereas in very competitive markets the margin
effect dominates, so further entry increases the probability of failure.

To check the robustness of these results, we first relax the assumption that,
deposits are fully insured. Without deposit insurance the deposit rate is no §
longer an exogenous parameter, but an endogenous variable that is deriveds
from the depositors’ participation constraint. We show that eliminating deposit @
insurance increases the risk of bank failure, because the higher cost of depositss
translates into higher loan rates, which make loans riskier. But we still have a
U-shaped relationship between competition and the risk of bank failure.

Next we consider a dynamic version of the model of Cournot competition
in the loan market, in which banks that do not fail in one period have the
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The 99.9% quantile of this distribution is used for the computation of capital requirements in the framework
proposed by th8asel Committee on Banking Supervisi2004), known as Basel [Iordy 2003).
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opportunity to lend to a new generation of entrepreneurs in the next period
This produces an endogenous franchise value that is lost upon failure, so banks
have an incentive to be prudent. We show that the same U-shaped relationship
between competition and the risk of bank failure obtains. We also show that
the introduction of franchise values enhances bank stability (relative to the
static setup), except in the case in which the number of banks is the one that
minimizes the probability of failure, where it has no effect.

Finally, the same results (both static and dynamic) obtain when the Cournot
model is replaced by a circular road model of competition in the loan market.
The fact that the results are robust to the change of strategic variable from
guantities (loan supplies) to prices (loan rates) suggests that they are likely to
hold for a wide set of models of imperfect competition. Hence the conclusion
is that when loan defaults are imperfectly correlated, the probability of bank
failure is lowest in loan markets with moderate levels of competition, with
higher probabilities of failure in either very competitive or very monopolistic
markets.

To simplify the presentation, we abstract from competition in the deposit
market by assuming that banks face a perfectly elastic supply of deposits at
an interest rate (or expected return in the uninsured case) that is normalized to
zero® But our results for the Cournot model are robust to the introduction of
an upward-sloping supply of deposftsndeed, the margin effect that we have
identified is stronger in such a model, because greater bank competition not
only reduces the interest payments from performing loans, but also increases
the cost of deposit financing.

The rest of the paper is structured as follows. Sectligmesents the static
model of Cournot competition with imperfectly correlated defaults. Section
2 characterizes the equilibrium of this model, and analyzes the effect of an
increase in the number of banks on loan rates and probabilities of bank failure.
Section3 presents the numerical results on the U-shaped relationship between
competition and the risk of bank failure. Sectidrshows that these results
also obtain in a model without deposit insurance, in a dynamic version of the
Cournot model with endogenous franchise values, and in a circular road model
of loan rate competition. Sectidh discusses the implications of the results
for the relationship between monetary and financial stability, and the welfare
maximizing competition policy in banking. Sectiércontains our concluding
remarks.

In models where banks invest in assets with exogenous distributions of returns, imperfect competition can only
be introduced in the deposit market, but in models where banks face a downward-sloping demand for loans this
is not needed.

Models where banks compete by simultaneously setting deposit and loan rates are more complicated to analyze,
because the balance sheet identity (lcardeposits) is in general not satisfied. See, for example, the discussion
in Yanelle(1997).
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Does Competition Reduce the Risk of Bank Failure?

. The Model

Consider an economy with two datés< 0, 1) and three classes of risk-neutral
agents: entrepreneurs, banks, and depositors.

1.1 Entrepreneurs

There is a continuum of penniless entrepreneurs characterized by a continu-

ous distribution of reservation utilities with supp@t. . Let G(u) denote the

measure of entrepreneurs that have reservation utility less than or equal to
Each entrepreneurhas a project that requires a unit investment at date 0

and yields a stochastic payoff at date 1:

1+ a(p;), with probability 1— p;

R(pi) = _ .
1-21, with probability p

where the probability of failurgy; e [0, 1] is privately chosen by the en-
trepreneur at date. G-ollowing Allen and Galg(2000, Chapter 8), we assume
that the success return of the projedip;) is positive and increasing ip;.
Thus riskier projects have a higher success return. In order to get interior solu-
tions to the entrepreneur’s choice of risk, we also assumettpaj is concave
in p; and satisfies (0) < a’(0). The project’s loss given failurg is positive
and smaller than 1, and to simplify the presentation we assume that it does not
depend omp;.

Project failures are correlated according to #irggle risk factormodel of
Vasicek(2002), in which the failure of the project of entrepreneis driven
by the realization of a latent random variable:

Vi =—2Yp)+pz+V1-pe, (Y]

where®(-) denotes the cdf of a standard normal random variabledand-)
its inversegzis a systematic risk factor that affects all projeetds an idiosyn-
cratic risk factor that only affects the project of entreprerieandp < [0, 1]
is a parameter that determines the extent of correlation in project failures. It
is assumed that ande¢; are standard normal random variables, independently
distributed from each other as well as, in the casg phcross projects.

The project of entrepreneurfails wheny; < 0. The deterministic term
—®~1(p) in (1) ensures that the probability of failure satisfies:

Pr(yi < 0) =Prlyp z+1—pei <@ H(p)] = 2[27(p)] = pi.
Notice that forp = 0 the systematic risk factor does not play any role and we

have statistically independent failures, while for= 1 the idiosyncratic risk
factor does not play any role and we have perfectly correlated failures.
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Entrepreneurs borrow from banks to fund their projédesr any given loan
rater, entrepreneur will choosep; in order to maximize its expected payoff
from undertaking the project, which is the success return net of the interest
paymentu(pi) — r, times the probability of success-1p;.% Let

u(r)=mp§><(1— pi)(a(pi) —r) 2

denote the maximum expected payoff that an entrepreneur can obtain when the
loan rate isr. Since entrepreneurs only differ in their reservation utilities, the
solutionp(r) to this problem and hence#gr) do not depend on Moreover, for

a(0) —a’(0) <r < a(1), the solutionp(r) will be interior’ and characterized

by the first-order condition:

(1—p)a’'(p) —a(p)+r =0. 3)

Hence, by the envelope theorem, we hal@) = —(1 — p(r)) < 0. Also,
sincea’(p) > 0anda”(p) < 0, differentiating the first-order condition we get

! >0
20'(p) — (1= p)a”(p)

Thus the higher the loan rate, the higher the probability of failure chosen by
the entrepreneurs. The positive effect of loan rates on entrepreneurs’ optimal
choice of risk will be denoted as thisk-shifting effect

Entrepreneur will want to undertake a project when the loan rate i$
the reservation utility; is smaller than or equal to the expected payff).
Hence, the measure of entrepreneurs that want to borrow from the banks at
the rater is given byG(u(r)). Since each one requires a unit loan, tban
demand functiotis

p(r) =

L(r) = Gur)). (4)

Clearly, forO<r < a(1), we havelL(r) > OandL’(r) = G'(u(r))u'(r) < 0.
Letr (L) denote the corresponding inverse loan demand function.

Consider now the continuum of entrepreneurs that want to undertake their
projects when the loan rate is By our previous argument they all choose
the same probability of failure = p(r). But then, by the law of large hum-
bers, thdailure rate x (the fraction of projects that fail) for a given realization

The role of banks could be rationalized by reference to some screening or monitoring services. To simplify the
presentation, this will not be developed here.

With probability p; the project fails, in which case by limited liability the entrepreneur gets a zero payoff, and
the bank recovers — 1.

The cornerp = 0 cannot be a solution #’(0) — «(0) +r > 0, which givesa(0) — &’ (0) < r, while the corner
p = 1 cannot be a solution ifa (1) +r < 0, which givesr < a(1).

Notice thatp’(r) > 0 may also be derived from models without any risk-shifting, such &asrton(1974). For
example, if’(R) were the cdf of the (continuous) return of the project, thén) = Pr(R < 1+r) =T'(1+r),
sop'(r)=T"(1+r) > 0.
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of the systematic risk factar coincides with the probability of failure of a
(representative) projectconditional onz; that is,

Xx=y@ =Pr(=®Xp+/pz+/1-pe <0]2)

:¢(M)
Vi-p )

From here it follows that the cdf of the failure ratefgx) = Pr(y (2) < x) =
Pr(z > y ~1(x)) (sincey’(z) < 0), so using the definition of (z) and the fact
thatz ~ N(0O, 1), we get

60 = @(J—l —p o7 1(x) - <I>-1<p>)_
N

Forp € (0, 1) the cdfF (x) is continuous and increasing, with i o F (x) =
0 and limk_1 F(X) = 1. It is also the case thd(x) = folx dF(x) = p.?
SincedF (x)/op < 0, changes in the probability of failurp lead to a first-
order stochastic dominance shift in the distribution of the failurexate
Moreover, it can be shown thaf/dp > 0 if and only ifx < ®(/1—p
®~1(p)), which together with the fact th&(x) = p imply that changes in the
correlation parameter lead to a mean-preserving spread in the distribution of
the failure ratex. Whenp — 0 (independent failures) the distribution of the
failure rate approaches the linfit(x) = 0, for x < p, andF(x) = 1, for
X > p. The single mass point at= p implies that a fractiorp of the projects
fail with probability 1 And whenp — 1 (perfectly correlated failures), the
distribution of the failure rate approaches the lifiitx) = ®(—®~1(p)) =
1—p, for0 < x < 1. The mass point at = 0 implies that with probability
1— p no project fails, and the mass pointat= 1 implies that with probability
p all projects fail.

(%)

1.2 Banks

There aren identical banks that at date 0 are funded with fully insured deposits,
have no capitat® and invest in a portfolio of entrepreneurial loans. The supply
of deposits is perfectly elastic at an interest rate that is normalized to zero, and
there are no intermediation costs. We assume that banks compete foaloans
la Cournot, so the strategic variable of bajnk= 1, ..., n is its supply of loans

Ij. The aggregate supply of loahs= 2?21 I} determines the loan ratéL ),

which in turn determines the probability of failure chosen by the entrepreneurs

p(r(L)).

9 To see this, lek; be an indicator function that takes the valuehen the project of the entreprenéails (that
is, wheny; < 0), and the valu@® otherwise. Sinc&(x;) = Pr(y; < 0) = p, it must be the case that the expected
value of the failure rate also equalsp.

10 e briefly discuss the introduction of capital in Sectén
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The return of bankj’s portfolio is stochastic: A random fractiox of its
loans default, in which case the bank loses the interest well as a fraction
/ of the principal. Thus the bank getg1 + r) from the fraction 1— x of the
loans that do not default, recovdig1l — 1) from the fractionx of defaulted
loans, and has to pay balkto the depositors, so by limited liability its payoff
atdate 1is

max{lj(L+r A —=x)+1j1—=A)x —1j,0) =1y maxr — (r + 1)x, 0}.

Hence banlj's payoff functioris

z(lj,1-j) =1jh(L), (6)
wherel _j denotes the vector of loan supplies of the other 1 banks, and
h(L) = E[maxr (L) — (r(L) + )X, 0}] )

is the banks’ expected payoff per unit of loans. This expression may be rewrit-
ten as

(L
h(L) = /0 [r(L) = (r(L) + A)x] dF(x; p(r(L))), (8)
where
oy ML)
X(L) = O+ 9)

is the bankruptcy default rate, and the distribution function of the default rate
X is written so as to keep track of the effect of the (endogenous) probability
of default of the loang(r (L)). Thus, when choosing its supply of loahs
bankj takes into account the direct effect on the loan rdte), as well as the
indirect effect on the distribution of the default rake(x; p(r (L))).

Note thath(L) plays the role of the inverse demand function in a standard
Cournot model. To guarantee the existence and uniqueness of equilibrium, we
are going to assume that functional forms and parameter values are such that
h(L) is decreasing and concal This assumption is stronger than the as-
sumption that the inverse loan demand functiéh) is decreasing and con-
cave. To see this, consider the extreme cases-6f0 (independent defaults)
andp = 1 (perfectly correlated defaults). When= 0, we have

h(L) =r(L) — (r(L) + Hp(r (L)), (10)

soh’(L) < 0if p'(r) < (12— p(r))/(r(L) + A). Assuming that (L) and p(r)
are linear (as we will do in Sectid®below), we also have”(L) < 0. On the
other hand, whep = 1, we have

h(L) =r (L) - p(r (L)), (11)

Obviously, we also neeld(0) > 0.
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soh/(L) < 0if p'(r) < (1 — p(r))/r(L). And assuming that(L) and p(r)

are linear, we also havg’(L) < 0. Hence, in both cases (as well as in the
intermediate cases with@ p < 1) the risk-shifting effecp’(r) should not be

very large. The intuition is easy to explain: To get a downward slohitig,

the reduction in the loan rat&L) following an increase il must not be com-
pensated by a very large reduction in the probability of defagi{(L)). For

low values ofr and p, it would suffice to havgy'(r) < 1/4. This assumption

is quite reasonable. For example, foe= 0.45 (as we will assume in Section

3 below), it suffices that an increase of 1 percentage point in the loan rate does
not lead to an increase of more than 2.2 percentage points in the probability of
default.

2. Equilibrium

This section characterizes the (symmetric) Cournot equilibrium of our model
of competition in the loan market, and analyzes the effect of an increase in
the number of banks on equilibrium loan rates and equilibrium probabilities of
bank failure.

The assumption thdf' (L) < 0 andh”(L) < 0 implies that there is a unique
symmetric equilibrium characterized by the first-order conditidn:

%h’(L) +h(L) =0. (12)

From here it is immediate to derive the effects of competition on equilibrium
aggregate lending and loan rates.

Proposition 1. An increase in the number of bankdncreases equilibrium
aggregate lendingg and consequently reduces the equilibrium loan rate

Proof. Differentiating the first-order conditiori) and using the assumptions
h' (L) < 0andh”(L) < O gives
dL h(L)
dn - LWL+ (+ (L)
But thenr’(L) < 0 implies that
dr d

, L
%Zr(l_)% < 0.

[
Proposition1 implies that the higher the competition among banks, the
lower the probability of default of the loans in their portfolibsHowever,
this does not necessarily imply a reduction in their probability of failure.

12 The simple proof of existence and uniqueness of equilibrium may be fouFicdile (1998, p. 225).

13 Boyd, De Nicolo, and JalgR006) andBerger, Klapper, and Turk-Arig€009) have documented this effect.
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To see this observe that banks fail whenever the defaultxrasegreater
than the bankruptcy default rat&L) defined in @). Using the probability
distribution of the default ratebf, the probability of bank failurds given by

7P (L) = VI=p <I>—1(m)>)_ 13)
JP

Since equilibrium aggregate lendihgis a function of the number of banks
the effect ofn on the probability of bank failurg is given by

g(L) =Pr(x > X(L)) = <I>(

dg _
dn

ButdL/dn > 0 by Propositiori, which implies that higher competition leads
to lower risk of bank failure if and only if the slope of the functigL) is
negative.

Now, differentiating (3), we get

&'()|dp? L do—1(x(L
q(L) = ) (p(r(L))) 0T L)(L) —/I=p (x( ))N(L)
N/ dp

q'(L )

(14)

Since®’(-) > 0 (it is a normal density), the sign of (L) is the same as the
sign of the term in square brackets, which has two components. The first one is
negative, sincd®~1(p)/dp > 0, p'(r) > 0, andr’(L) < 0, while the second

one is positive (wheneves < 1), sinced®~1(x)/dx > 0 andr’(L) < O
implies that

/lr’(L)
T+ 22

The negative effect is thesk-shifting effecidentified by BDN: More com-
petition leads to lower loan rates, which in turn lead to lower probabilities of
default, and hence safer banks. The positive effect is what may be called the
margin effect More competition leads to lower loan rates, and consequently
lower revenues from performing loans, which provide a buffer against loan
losses, so we have riskier banks. Depending on which of the two effects domi-
nates, the impact of competition on the risk of bank failure may be positive or
negative.

A few special cases are worth mentioning. Wheg 1 (perfectly correlated
defaults), the margin effect irLf) disappears, so we get the result in BDN:
Competition always reduces the risk of bank failttaVvhen p'(r) = 0, the
risk-shifting effect in (4) disappears, so competition always increases the risk

X'(L) =

Alternatively, substituting = 1in (13) givesq(L) = p(r (L)), which implies tha’ (L) = p’(r (L))r’(L) < O.
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of bank failure. And wherp = 0 (independent defaults), the default rate is
deterministic (a fractiorp of the loans default with probability 1), in which
case for any number of banks the probability of bank failure is Zeieor

0 < p < landp'(r) > O, the result is in general ambiguous. However,
one can show that in very competitive loan markets, the risk-shifting effect is
always dominated by the margin effect.

Proposition 2. For any correlation parameter € (0, 1) and a sufficiently
large number of banks, the probability of bank failure is increasing im.

Proof. Whenn tends to infinity, the first-order conditiod?) that characterizes

the Cournot equilibrium becomésgL ) = 0, which by @) implies thatX(L) =

0, which in turn by Q) implies thatr (L) = 0. Hence, in very competitive
markets the loan rate approaches the deposit rate, which has been normalize
to zero. Our assumptian(0) < «’(0) implies that lim—, o p(r (L)) = p(0) >

0, so we have

im do~(p(r(L))) _ 1 .
n—00 dp '[@~1(p(0))]
and
o dehR(L) 1 B
AN ax C eeio] - %

Hence by {4), we haveq’(L) > O for sufficiently largen, which implies
dg/dn > 0. |

Proposition2 shows that in loan markets with many banks, any additional
entry increases the risk of bank failure. The intuition for this result is that as
we get close to perfect competition, the margin between loan and deposit rateso
converges to zero. But since the probability of default of the loans is bounded w
away from zero (and banks have no capital), in the limit loan losses will always
be greater than the intermediation margin, so banks will fail with probability
1. Hence the relationship between the number of banks and the probability of
bank failure will be eventually increasing.

What happens in less competitive loan markets? To answer this question, in 8
the next section we resort to numerical solutions for simple parameterizations 2
of the model. S

295596 1/8€9€/01/SZA0RISqB-8|o1E/SH/ WO RS OlWwapede;/:sdiy woly pepeojumoq
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3. Numerical Results

In this section we compute the equilibrium of the model of competition in the
loan market for a simple parameterization in which the inverse demand for

020z AInp 8z uo Jasn eov)0l

15 with independent defaultp (= 0) banks never failq = 0), because the (deterministic) interest income per unit
of loans,(1 — p(r(L)))r (L), is greater than the (deterministic) loan losses per unit of loagms|-)) .
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loansr (L) and the entrepreneurial risk-shifting functiqdr) are linear, and
examines how the probability of bank failugechanges with the number of
banksn.
The critical parameters that determine the shape of the relationship between
g andn are the correlation parameterand the risk-shifting parametér =
p’(r). By the results in Sectio2 we know thatq is decreasing im when
p — 1 (the case of perfectly correlated defaults), and it is increasingvhen
b — 0 (the case of no entrepreneurial risk-shifting). Proposifi@hows that
g is increasing im for sufficiently highn. Our numerical results shed light on
what happens for & p < 1 andb > 0, and for smaller values of.1®
Specifically, we postulate an entrepreneurial risk-shifting function of the
form

p(r) =a+ br, (15)
wherea > 0 andb > 0, and an inverse demand for loans of the form
r(L)y=c—dL, (16)

wherec > 0 andd > 0. The linear functiorp(r) can be derived from a success
return function of the form

1-2a+p
= 17
a(p) T 7
which implies the expected payoff functibn
(L—a—br)?
== - -7 18
u(r) - (18)

In this setup, parameter is the minimum probability of default (that is, the
one that would be chosen by the entrepreneurs for a zero loan basedhe
entrepreneurial risk-shifting parameteis the maximum loan rate (for which
the demand for loans reduces to zero), dnsl the absolute value of the slope
of the inverse loan demand function.

In our benchmark parameterization we take- 0.01, b = 0.5, c = 1, and
d = 0.01 This means that the demand for loans goes from 100 to O as loan
rates go from 0% to 100%, and that the probability of default that corresponds
to a loan rate of 0% is 1%, and to a loan rate of 2% is 2%. The loss given
default parametef. is set at 045, and the correlation parameteris set at
0.2.18 It should be noted that these parameters are chosen for the purpose of

The computations are carried out in Matlab. The program is available upon request.
SinceL (r) = G(u(r)), one can show thailf) and (L6) also implyG(u) = (a + bc — 1 + +/2bu)/bd.

The value ofi is the one specified in the Internal Ratings Based (Foundation Approach) of Basel Il for senior
claims on corporate, sovereign, and bank exposures not secured by recognized collateral. Theétue of
these exposures ranges from 0.12 to 0.24. B&sel Committee on Banking Supervisi#004, par. 287 and
272).
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illustrating the possible shapes of the relationship between the number of banks
and the risk of bank failure. They are not intended to produce realistic values
of variables, such as the loan ratethe probability of loan defaulp, or the
probability of bank failurey.

Figurel shows the relationship between the number of banfexpressed
in log;gn, son ranges from 1 to 10,000 banks) and the probability of bank
failure q for three different values of the correlation parametes= 0, 0.2,
and 1, with the other parameters at their benchmark levels. As noted in Section
2, with independent defaultg (= 0), banks never faild = 0). With perfectly
correlated defaults(= 1), the probability of bank failure is decreasing in the
number of banks, which is the result in BDN. Interestingly, whega 0.2, we
have a U-shaped relationship between competition and the risk of bank failure,
with a minimumgq for n = 3.

Figure2 shows the relationship between the number of banfexpressed
in log;on) and the probability of bank failurg for three different values of
the entrepreneurial risk-shifting parameter= 0, 0.5, and 1, with the other
parameters at their benchmark levels. As noted in Se@jomhenb = 0,
the risk-shifting effect disappears, so the margin effect makes the probability
of bank failure increasing in the number of banks. Boe 0.5, we have the
same U-shaped relationship already depicted in Figuieor higher values
of the risk-shifting parameter such bs= 1, the risk-shifting effect becomes
stronger, but the slope of the relationship eventually becomes positive (in this
case fromn = 10). In all these cases, as we get close to perfect competition
the probability of bank failure converges to one. This is because wiends
to infinity, the margin between loan and deposit rates converges to zero, but
with p € (0, 1) andp(0) = a > 0, loan losses are positive with probability 1.

It turns out that the U-shaped relationship between the number of anks
and the probability of bank failure obtains for a very large set of parameter
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a -
o 40% - — 10 = ()
5 30% 4
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Figure 1

Competition and the risk of bank failure for different default correlations
This figure shows the relationship between the number of bardesd the probability of bank failurg in the
Cournot model for different values of the correlation paramgeter
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Competition and the risk of bank failure for different risk-shifting
This figure shows the relationship between the number of bargd the probability of bank failurg in the
Cournot model for different values of the risk-shifting parameéter

values. Lethyin denote the number of banks that minimigeFigure3 illus-
trates the way in which the correlation parameteand the entrepreneurial
risk-shifting parameteb determineny,in. Specifically, it shows the combina-
tions of p andb for which npin = 1,2, 3, .... For low values ofp or low
values ofb, we havenmi, = 1, so a monopolistic bank would minimize the
probability of failure. Otherwise we have a U-shaped relationship: When the
actual number of banksis below (above) the correspondingin, more (less)
competition would reducq. Higher correlatiory and higher risk-shiftindg
increasenmin, Which reaches values greater than 100 wher 1, i.e., with
perfectly correlated defaults.

It should be noted that similar results obtain for other functional forms for
the inverse demand for loamgL), such asr(L) = ¢ — dL? with 6 > 1
(to ensure concavity), and for the entrepreneurial risk-shifting funqgpi@n,
such asp(r) = a + br” with > 0. Thus, we conclude that too little
and too much competition are generally associated with higher risks of bank
failure.

Although our analysis has focused on the impact of changes in competition
within the banking sector, the results could be easily extended to a situation in
which the banking sector faces increased “outside” competition from financial
markets. In particular, suppose that entrepreneurs have the option of funding
their projects in a public debt market at an inteneger > 0. This outside
option truncates the loan demand function at theer. If the truncation is
binding, the equilibrium loan rate would lse= T, so an increase in comp-
etition coming from the financial markets would lead to a reduction in equilib-
rium loan rates. As before, the effect on the risk of bank failure would result
from the combination of a negative risk-shifting effect and a positive margin
effect, with the margin effect dominating for sufficiently small values of the
marketrater.
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Number of banks that minimize the risk of bank failure in the Cournot model

This figure shows the number of barnksj,, that minimize the probability of bank failukgin the Cournot model
for different combinations of the correlation paramgteand the risk-shifting parameter For given values of
p andb, the relationship between the number of banksd the probability of bank failurg is decreasing until
n reaches\yin, and is increasing afterward. Darker areas correspond to higher valogg,of

. Extensions
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Three extensions of the model are analyzed in this section. First, we relax
version of the model of Cournot competition in the loan market in which banks
that do not fail at any datehave the opportunity to lend to a new generation
of entrepreneurs at datet 1. This generates an endogenous franchise value
that is lost upon failure, so banks have an incentive to be prudent. Finally,
we replace the Cournot model by a circular road model of competition in the
loan market, in which loan rates are the banks’ strategic variables. In all these
extensions, our previous results on the relationship between competition and m

—+
>
@D
Q
7]
7]
c
3
©
=
o
=]
~—+
>
'9_{
o
D
©
o
@,
~—
n
)
-
@D
—n
c
<
=
)
c
=
@D
o
(7]
D
o
o
=]
o
=
D
o
o
=]
®
o
@D
-
)
o
<
>
Q
3
[3)

ap ooueg Aq 95596 1/8

(2]
the risk of bank failure remain unchanged. §
®
w
4.1 Uninsured deposits =
Without deposit insurance, the deposit rate is no longer an exogenous para-&

meter, but an endogenous variable that is derived from the depositors’ par-
ticipation constraint. Under risk-neutrality, such constraint requires that the
expected return of deposits equals a risk-free rate that we normalize to
zero.

Bank j’s payoff function becomes

020z AInr gz uo Jesn e

z(lj,1-j) =ljE[maxr(L) —d — (r(L) + )%, 0}],
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where the deposit raté satisfies the participation constraint
E [min{r (L) — (r (L) + A)x,d}] = 0.
But since
E[maxr(L) —d — (r(L) + A)x, 0}] + E[min{r (L) — (r (L) + 2)x, d}]
=r(L) = (L) +2)pr L)),
we can write
z(1j,1-)) =1;h(L),
where
h(L) =r(L) = (r(L) + Hp(r(L)).

Assuming, as before, thht(L) < 0 andh”(L) < 0, the model without deposit
insurance also has a unique symmetric equilibrium. Since the banks’ expected
payoff per unit of loan$(L) coincides with 10), equilibrium loan rates are
identical to those of the original model with= 0. However, we have a posi-

tive probability of bank failure given by

“L(p(r (L)) — vI—=p o LR(L, d)))

q(L,d) = Pr(x > R(L, d)) = @(‘b

NG
whereX(L, d) is the new bankruptcy default rate defined by
. r(by—d
L = ——"
XLd =057

Figure 4 shows the relationship between the number of bamkad the
probability of bank failureq for the cases of insured and uninsured deposits
(with the benchmark functional forms and parameter values described in Sec-
tion 3). Two results are worth mentioning. First, for any number of bamks
the probability of bank failure is lower in the model with deposit insurance
than in the model without deposit insurance. In other words, deposit insurance
increases the stability of the banking system. The reason for this is that in the
absence of deposit insurance, depositors require higher deposit rates, which
imply higher loan rates and hence riskier loans. Second, the model without
deposit insurance features the same U-shaped relationship between the
number of banks and the probability of bank failure.

4.2 A dynamic Cournot model
Consider a discrete time, infinite horizon model witidentical banks that at
each date = 0, 1, 2, ... in which they are open raise fully insured deposits at
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Competition and the risk of bank failure with insured and uninsured deposits
This figure shows the relationship between the number of bardesd the probability of bank failurg in the
Cournot model with insured and uninsured deposits.

an interest rate that is normalized to zero and comaéteCournot for loans
to the continuum of entrepreneurs described in Sedtidn

Assuming that banks are closed whenever the defaulixr&geyreater than
the bankruptcy default ratqL) defined in 9), the Bellman equation that char-
acterizes the symmetric equilibrium of the dynamic model is

Vj = rTll_axﬁ [lih(L) + @ —=qL)V], (29)
J

where < 1 is the bank shareholders’ discount factofl.) is the banks’
expected payoff per unit of loans given bg),(andq(L) is the probability of
bank failure given by 13). According to this expression, the franchise value
of a bank that is open results from maximizing with respect to its supply of
loansl; (taking as given the equilibrium supplies of the other 1 banks), an
objective function that has two terms. The first one is the discounted expected
payoff from current lendind,jh(L), and the second one is the discounted ex-
pected payoff of remaining open at the following date, which is the product of
the probability of survival (one minus the probability of failugélL)) and the
franchise valuey;.1°

It should be noted that with a single systematic risk factor, when one bank
fails, all of them fail. Thus, there is no need to consider situations, like those in
Perotti and Suaref2002), where some banks may survive while others fail, so
the surviving banks may increase their market power in the following periods.
We do not discuss what happens after such failure, implicitly assuming that
new banks enter the market. What is important for the analysis is that the failed
banks lose their franchise value.

19 seeFudenberg and Tirol1991, Chapter 4) for a proof that one-stage deviations are sufficient to characterize
subgame perfect equilibria.
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Solving the Bellman equatiori) and settind; = L /n gives the equilib-
rium aggregate lendiny, as well as the banks’ equilibrium franchise valWe
(the same for alf). As before, we assume that functional forms and parameter
values are such that the dynamic model has a unique (noncollusive) equilib-
rium for all n. Then the relationship between the equilibrium of the static and
the dynamic model is stated in the following result.

Proposition 3. Let Ls andLy denote equilibrium aggregate lending in the
static and the dynamic model, respectively, for a given number of banks
Then,q’'(Lg) < O impliesLq > Lsg, 9'(Lg) > O impliesLy < Lg, and
g’(Lq) = 0 impliesLq = Ls.

Proof. The first-order condition1(2) that characterizes the symmetric equilib-
rium of the static model is

Lsh/(Ls) + nh(Ls) - 0

Differentiating the bank’s objective function it9), we get the first-order con-
dition that characterizes the symmetric equilibrium of the dynamic model:

Lah'(Lg) +nh(Lqg) = ng'(La)V.

Hence, whem’(Lg) < 0, we haveLgh’(Lg)+nh(Lg) < Lsh’(Ls)+nh(Ls).
But sinceh’(L) < 0 andh”(L) < 0 imply that the functiorLh’(L) + nh(L)
is decreasing, it follows thdty > Ls. The second and third results are proved
in the same manner. |

The result in Propositior8 shows that there is one case, namely when
g’(Lq) = 0, in which aggregate lending, and consequently the probability of
bank failure, are the same in both the static and the dynamic model. In all other
cases we know the effect on aggregate lending, but to establish the effect on
the probability of bank failure, we need to know the form of the functjéh).
Assuming thafj(L) is U-shaped, Propositiodiimplies that when the number
of banksn is such thaty’(Lg) < 0, we haveq(Lg) < q(Ls), and when the
number of banks is such thaig’'(Lyg) > 0, we also have(Lg) < q(Ls).
Hence, in both cases the probability of bank failure is smaller in the dynamic
model than in the static model, so banks are generally safer in the model with
endogenous franchise values. It is only in the case @fithy) = O that both
probabilities coincide.

We illustrate this result for our benchmark parameterization (for which the
functionq(L) is indeed U-shaped) antl= 0.96. Figure5 shows the relation-
ship between the number of banksand the probability of bank failurg in
the static and in the dynamic model. In both cases the relationship is U-shaped,
with the curve for the static model being everywhere above the curve for the
dynamic model, except at the minimum in which they are tangent. The two
curves are also tangent whartends to infinity, because the equilibrium fran-
chise valueV tends to zero as we approach the perfect competition limit, in
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Competition and the risk of bank failure in the static and the dynamic model
This figure shows the relationship between the number of bargesd the probability of bank failurg in the
static and the dynamic Cournot model.

which case the banks’ objective function in the dynamic model coincides with
the objective function in the static model.

The tangency result implies that Figu8also shows for the dynamic model
the way in which the correlation parameterand the entrepreneurial risk-
shifting parameteb determine the effect of the number of banks on the prob-
ability of bank failure. Hence, we conclude that our results on the relationship
between competition and the probability of bank failure are robust to the intro-
duction of endogenous franchise values in our model of Cournot competition
in the loan market.

It should be noted that we are focusing on the noncooperative equilibrium
of the dynamic game, ignoring the possibility of collusive equilibria in which
banks restrict their lending under the threat of reverting to the noncoopera-
tive equilibrium if a deviation occurs. In particular,banks could sustain the
monopoly outcome if

L L V.
mljax,b’[ljh(lj +(n—1)71)+[1—q(|,- +(n—1)71)]vn} < Fl

whereV, denotes the (noncooperative) franchise value of a bank when there
aren banks in the market, and; denotes the lending of a monopoly bank

in the dynamic model. The left-hand side of this expression is the expected
payoff that bankj could obtain by deviating from the collusive equilibrium,
while the right-hand side is the expected payoff under collusion. It is well
known that as increases it is more difficult to sustain collusive equilibria.
For example, for our numerical parameterization, this condition is satisfied for
n < 74. Clearly, in this region the probability of bank failure woulddud. 1),

a constant independent iof
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4.3 A circular road model

We now examine the robustness of our results to changes in the nature of com-
petition among banks. Specifically, we consi@&aops (1979) circular road
model of price competitioR? There aren > 2 banks located symmetrically on

a circumference of unit length, and a continuum of measure 1 of entrepreneurs
distributed uniformly on this circumference. We focus on the static version of
the model, since the results for the dynamic version are similar to those ob-
tained for the model of Cournot competition.

Entrepreneurs have the investment projects described in Sdcfiofhey
are ex-ante identical except for their location on the circumference, and have
a zero reservation utility. To fund their projects they have to travel to a bank,
which involves a transport cogt per unit of distance.

To obtain the symmetric Nash equilibrium of the model of spatial compe-
tition, we first compute the demand for loans of bgnwhen it offers a loan
rater j while the remainingn — 1 banks offer the rate?! Assuming that the
transport cosp is not too high, the market will be “totally covered,” and bank
j will have two effective competitors, namely banks- 1 andj + 1. An en-
trepreneur located at distangédrom bankj and distance An — @ from bank
j + 1 will be indifferent between borrowing fromand borrowing fromj + 1
if the utility net of transport costs is the same; that is, if

1
urjy) —ud =ur) —u (ﬁ —0) .
Solving for@ in this equation yields

1 u(rj) —ur)
orj,rN =—+——F5—"—.
( ] ) n + 2/1
Taking into account the symmetric market area between hamkl bankj —1,
and the fact that each entrepreneur requires a unit loan, we get the following
demand for loans of bank

+U(rj)—U(f).

1
I(rj,ry=-
n U

(20)

Notice that forrj = r (as will be the case in a symmetric equilibrium) we have
[(r,r) = 1/n, so banks would get an equal share of the unit mass of borrowers.

This model has been used in the context of banking by, among otBeiappori, Perez-Castillo, and Verdier
(1995) andRepullo(2004). In this model, the number of banks can be endogenized by introducing a fixed cost
of entry. Since equilibrium profits are decreasing in the number of banks, an increase in competition would be
equivalent to a reduction in the cost of entry.

As in the originalSalop (1979) model, we assume that banks do not price discriminate borrowers by their
location.
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Assuming that the supply of deposits is perfectly elastic at an interest rate
that is normalized to zero, and following the same steps as in Selcpnank
j’'s payoff function may be written as

m(rj,r)=1(j,rhj),

where
X(rj)
h(rj) =/0 [rj =+ )x] dF(x; p(rj)) (21)

is bankj’s expected payoff per unit of loans, ar j) is bankj’s bankruptcy
default rate defined by

Sy —

X(rj)_rj—i—/l' (22)

Assuming, as before, that functional forms and parameter values are such

that there is a unique symmetric equilibrium, we can easily show that an in-
crease in the number of banks reduces the equilibrium loan.1@iecep’(r) >
0, this means that banks will have safer portfolios. However, as in the case of
the model of Cournot competition, this does not imply a reduction in banks’
probability of failure. To see this, observe that banks fail whenever the default
rate x is greater than the bankruptcy default rate) defined in 22). Using
the probability distribution of the default rate defined %), the probability of
bank failure is given by

_1 _ — —1,
q(r):Pr(x>?(r))=<1>((I> (PO))=Vi-p® (X(r))). 23)

NG
Since the equilibrium loan rateis a function of the number of banks the
effect ofn on the probability of bank failurg is given by
dg
dn
Butdr/dn < 0, which implies that higher competition leads to lower risk of

bank failure if and only if the slope of the functiayir) is positive.
Now, differentiating 23), we get

,,.dr
:ZQ(r)aﬁ-

() | do~? do—1(x
4 — ()[ (PO oy 1=, 9RO,

P - x(r)] (24)

Sinced’(:) > 0 (it is a normal density), the sign of (r) is the same as the
sign of the term in square brackets, which has two components. The first one
is positive, sincel®~1(p)/dp > 0 andp/(r) > 0, while the second one is
negative (wheneves < 1), sinced®~1(x)/dx > 0 andX’(r) > 0. As in the
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model of Cournot competition, the first component captures the risk-shifting
effect, while the second component captures the margin effect. Depending on
which of the two effects dominates, the impact of competition on the risk of
bank failure may be positive or negative. But, as in ProposRjame can show

that when loan defaults are imperfectly correlated, the margin effect dominates
in very competitive markets.

To illustrate what happens in less competitive markets, we resort to numer-
ical solutions. As in SectioB, we postulate the linear risk-shifting function
p(r) = a+ br, for which the expected payoff functianr) is given by (8).

For our benchmark parameterization, we take the minimum probability of
defaulta = 0.01, the loss given default parameter= 0.45, and the transport
cost parameter = 1.

As in the case of the model of Cournot competition, we get a U-shaped
relationship between the number of banksnd the probability of bank failure
g. If we let nyi, denote the number of banks that minimize the probability of
failure, Figure6 illustrates the way in which the correlation parameteand
the entrepreneurial risk-shifting paramebateterminenmi,. For low values of
p or low values ofb, we havenmin = 2, so a duopoly would minimize the
probability of failure. Higher correlatiop and higher risk-shiftind increase
Nmin, Which reaches values greater than 100 wphen 1, i.e., with perfectly
correlated defaults.

Hence, we conclude that our results remain unchanged when we replace the
Cournot model by a circular road model of competition in the loan market.

06+ .
05+ h

04+

Risk-shifting

03+

02+
01

0 1 | | M |
0 01 02 03 04 05 06 07 08 09 1
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Figure 6

Number of banks that minimize the risk of bank failure in the circular road model

This figure shows the number of bankg;, that minimize the probability of bank failurgin the circular road
model for different combinations of the correlation parametemd the risk-shifting parametéx For given

values ofp andb, the relation between the number of bankand the probability of bank failurg is decreasing
until n reachesyin, and is increasing afterward. Darker areas correspond to higher valogg,of
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The fact that the results are robust to the change of strategic variable from
quantities (loan supplies) to prices (loan rates) suggests that they are likely to
hold for a wide set of models of imperfect competition. The general conclusion

O

is that when loan defaults are imperfectly correlated, the probability of bank 2
failure is lowest in loan markets with moderate levels of competition, with §
higher probabilities of failure in either very competitive or very monopolistic 2
markets. -
o

3

. . I

. Discussion 3
This section discusses the effect of changes in the deposit rate in order to asses§

the relationship between monetary and financial stability, and the implications
of our results for the welfare maximizing competition policy in banking. To
simplify the presentation, the discussion will be conducted in the context of
the static model of Cournot competition presented in Sedtion

5.1 Monetary and financial stability
Our model may be used to discuss the relationship between monetary ands
financial stability, in particular the effect of a tightening of monetary policy
on the risk of bank failure. For this we replace the deposit rate by a risk-free
ratei, which proxies the policy rate set by the central bank. Baskpayoff
function now becomes

m(lj,1-j) =ljE[maxr(L) —i — (r(L) + 1)x,0}].

The comparative static analysis of the equilibrium effects of an increase in
the risk-free rate is not straightforward, so we illustrate them numerically.
Figure 7 shows the relationship between the number of bankexpressed
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Competition and the risk of bank failure for different risk-free rates
This figure shows the relationship between the number of bardesd the probability of bank failurg in the
Cournot model for different values of the risk-free rate
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in 1og;on) and the probability of bank failurg for three different values of
the risk-free ratej = 0, 0.01, and 0.02, with the other parameters at their
benchmark levels. In all cases the relationship is U-shaped, with higher values
of the risk-free rate associated with higher values of the probability of bank
failure. The fact that a tightening of monetary policy leads to an increase in
the probability of bank failure is explained by a combination of a positive risk-
shifting effect (that follows from the increase in the loan rgtand a positive
margin effect (that follows from the reduction in the intermediation margin
r —i). Hence, in this case the margin effect reinforces the risk-shifting effect.
Thus, the model provides a framework for understanding the historical
evidence of cases where the concern of a central bank for the solvency of the
banking system was a major factor in an excessively expansionary monetary
policy (seeGoodhart and Schoenmake995 and the references therein).

5.2 Welfare analysis
In our risk-neutral economy, social welfare may be evaluated by simply adding

the expected payoffs of entrepreneurs, bank shareholders, depositors, and the

government (as deposit insurer). In addition, we are going to assume that the
failure of the banking system entails a social @®st 0,22 which captures the
administrative costs of liquidating banks and paying back depositors, as well
as the negative externalities associated with such failure (breakup of lending
relationships, distortion of the payment system, etc.).

Since depositors are fully insured, they get a return that just covers the
opportunity cost of their funds, so their net payoff is zero. The net expected
payoff of an entreprenedrthat undertakes her project at the ratées (1 —
p(r))(a(p(r)—r)—u;, whereu; denotes her reservation utility. Hence, the net
expected payoff of the entrepreneurs that undertake their projects at thésrate

u(r)
L) - p(r))(a(p(r))—r)—/o u dG(U),

The expected payoff of bank shareholders is

X(r)
L(r)/0 [r = (@ + A)X] dF(x; p(r)).

Finally, the expected payoff of the government is

1
L(r)[( =@+ 4R pir) —a()C,

where the first term is the expected liability of the deposit insurer (the ex-
pected value of the bank losses that obtain when the defaulkriatgreater

Recall that since there is a single factor of systematic risk, if one bank fails all of them fail.
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than the bankruptcy default rafr)), and the second term is the product of
the probability of bank failure|(r) by the social cost of failur€. Adding up

the previous expressions, taking into account that the expected value of the
default rate is the probability of defauti(r ), and making use of the fact that

r =r (L), we obtain the following social welfare function:

W(L) = L[ = p(r(L))a(p(r (L)) — ipr(L))]

u(r(L))
—/ udG(u) —q(L)C. (25)
0

eoe//:sdny wouy papeojumoq

The first term in this expression is the expected return of the projects that are g

undertaken, the second term is the opportunity cost of the entrepreneurs thatm

undertake them, and the third term is the expected social cost of bank failure.
Differentiating @5) with respect to aggregate lendilhg and making use

of the definition ofu(r) in (2), the definition ofL (r) in (4), and the fact that

G(u(r(L))) = L impliesG’(u(r (L))’ (r (L)r’(L) = 1, we get

W/(L) =L [(1 = p(r(L))e’(p(r (L)) — a(p(r (L)) — 2] P'(r (L)r'(L)
+[@ = prL))rL) —ip(r (L)] —g'(L)C.

The first term in this expression is positive, singér) > 0, r’(L) < 0, and
the function(1 — p)a(p) — Ap is concave, with a slope fgp = p(0) equal
to —1 < 0.23 The second term is the expected payoff of a bank loan, which
should be positive except for large valuesrofor which it approaches the
limit —Ap(0) < 0. Finally, we have seen that(L) is generally U-shaped, so
the third term is positive (negative) for low (high) valuesLof

Since by Propositiod aggregate lending is an increasing function of the
number of banks, we conclude that the number of banks that maximizes so-
cial welfare, denoted*, is in general greater than the numimgt;, that min-
imizes the probability of bank failure, and satisfabs* /dC < 0. Moreover,
as the social cost of bank failuf@ goes up, the optimal number of banks
approachegpmin. Hence, we conclude that if bank failures generate some neg-
ative externalities, the welfare maximizing competition policy in banking will
be characterized by entry restrictions that leave banks some monopoly rents in
order to reduce their risk of failure.

Concluding Remarks

This article has investigated the effects of increased competition on the risk
of bank failure in the context of a model in which (i) banks invest in entre-
preneurial loans; (ii) the probability of default of these loans is endogenously
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To see this, use the fact that foe= 0 the first-order condition3) that characterizes the entrepreneurs’ choice of
p becomeg1 — p)a’(p) — a(p) =
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chosen by the entrepreneurs; and (iii) loan defaults are imperfectly correlated.
We show that there are two opposite effects. Tibk-shifting effecidentified

by Boyd and De Nicold2005) follows from (i) and (ii) and works as follows:
More competition leads to lower loan rates, which in turn lead to lower proba-
bilities of loan default, and hence safer banks. Teegin effecfollows from

(i) and works as follows: More competition leads to lower loan rates, and
consequently lower revenues from performing loans, which provide a buffer
against loan losses, so we have riskier banks. The results show that the risk-
shifting effect tends to dominate in monopolistic markets, whereas the margin
effect dominates in competitive markets, so a U-shaped relationship between
competition and the risk of bank failure generally obtains.

Our analysis has focused on a moral hazard model of the credit market, but
similar results could be derived for an adverse selection motestiglitz and
Weiss(1981), where the average probability of default of a loan portfolio is
increasing in the loan rate.

Finally, it should be noted that although we have assumed that banks have
no capital, allowing bank shareholders to contribute costly capital would not
change the results. To see this, suppose that in the static Cournot model bank
j funds its lending using a proportidg of capital and a proportion 4 k; of
deposits. Then the bank’s payoff at date 1 when a fractiofits loans default
would be

lj [max{(L+ 1)1 = x) + (1= )x = (1 = k), 0} = (1 + 9)ki]
=1j [max{r + kj — (r + A)x, 0} — (1 + d)kj] ,
whered > 0 denotes the cost of bank capital. From here it follows that bank

j’'s payoff function would be

(L ,kj)
7r(|j,kj,|_j)=|j |:/0 [r(L)+kj—(r(L)+/1)x]

x dF(x; p(r(L)) — 1+ 5)k1} ;

where
r(L) +k;j
r(b) +4

is the default rate for which bank fails. Differentiating the bank’s payoff
function with respect t&; gives

X(L,kj) =

om(lj,kj,1-)

S = [F(X(L,kj); p(r (L) = (1+0)] <0,
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sinceF is a cdf. Hence the solution will always be at the corker= 0, so
banks will not hold any capitet*

This result would not necessarily extend to a dynamic setup, because for suf-
ficiently high franchise values bank shareholders may want to contribute some 2

capital in order to reduce the probability of losing the francRsExploring
this in detail, however, is beyond the scope of this article.
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