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Carmen Matutes and Xavier Vives*
Universitat Autdnoma de Barcelona

COMPETITION FOR DEPOSITS, RISK
OF FAILURE, AND REGULATION IN BANKING

Abstract

We develop a model of banking competition
for deposits based on modern financial inter-
mediation theory and industrial organization
analysis. The standard demand deposit contract
makes banks vulnerable to failure and introdu-
ces (endogenous) expectations based vertical
differentiation. A multiplicy problem and intro-
duce the possibility of confidence crises. It is
found that “excessive" competition is not res-
ponsible for the fragility of unregulated banking
(the multiplicity problem) but nevertheless
compatition is socially excessive at benchmark
market equilibria. Our frmanework allows us to
disentangle the effects of failure perceptions on
rivalry. We find that a safer bank will command
a higher margin and market share, and that ina
symmetric equilibrium the possibility of failure
softens competition. Further, fair and risk-ba-
sed deposit insurance, even in the absence of
moral hazard problems, induces competition
above uninsured market levels introducing a ra-
tionale for deposit rate regulation. Our analysis
provides a framework to assess the welfare tra-
de-offs associated with deposit insurance, unco-
vering positive effects, like extending the mar-
ket an minimizing frictions, beyond well-known
stabilizing consequences.

Keywords: Banking competition, risk of failu-
re, network externalities, vertical differentia-
tion, financial intermediation, deposit insurance,
rate regulation.

I. Introduction

The purpose of this paper is to analyze some
relevant issues in banking competition, including
the implications of the possibility of bankruptcy
in rivalry, the impact on competition of deposi-
tors' expectations, the connections between
the potential fragility of unregulated banking
and “excessive" competition, and the role of
deposit insurance and rate regulation. In the
process we also make a methodological contri-
bution to the modeling of banking competition,
particularly on the deposit side, by bringing to-
gether various strands of the literature, namely
modern financial intermediation theories and
industrial organization analysis.

Episodes of widespread failures and runs are
recurrent in the history of banking, having in-
fluenced heavily successive regulation. In this
respect, competition for depositors has tradi-
tionally been considered a source of instability
problems, runs, and excessive risk taking well

* We are grateful to Patrick Bokon, Ramén Caminal, Pierre-André Chiappori, Jean Dermine, Mathias Dewatripont, Kai-Uwe Kihn, Paul
Klemperer, Jorge Padilla, Jean Charles Rochet, and Josef Sakovics for helpful comments. The research reported in this paper has been
supported by the Fundacién Banco Bilbao Yizcaya Further partial support has been provided by the Spanish Ministry of Education th-

rough CCYT zrants PB 87-0340 and P2 89-0074,
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before deposit insurance was established ().
The solution to these problems has been one of
the main objectives of regulation. Regulatory
measures like rate regulation, the lender of last
resort and deposit insurance have been widely
implemented. Deposit rate regulation was sta-
blished in the US during the 1930's and in Euro-
pe at different times. In fact, rates have remai-
ned regulated in most countries until recently.
Sometimes govenments (specially in Europe) ha-
ve encouraged collusive agreements among
banks in the belief that this would promote sta-
bility (2). In the US, the creation of a lender of
last resort, via the introduction of the Federal
Reserve System (1914) and ultimately the esta-
blishment of deposit insurance (1934) have pro-
vided stability to the system. Indeed, regulation
(which also included direct restrictions on
banks' operations) (3) succeeded in preventing
bank runs, and limiting the number of failures
between 1940 and 1980. In this period, from
about a total of 13,500, only 299 insured com-
mercial banks failed, and mostly as a result a
fraud, as opposed to 9,106 between 1930 and
1922, when the number of banks was less than
24,500 in 1930 (Jaffee (1989)).

Deregulation in banking was fostered by the
entry in the 1970's of money market mutual
funds offering high yields to investors (combi-
ned with the disintermediation process).

Banks and thrifts were increasingly allowed
to compete in deposit rates (by the end of

| See Sprague (1910) and Friedman and Schwartz (1965).
2 See Baltensperger and Dermine (1987) and Vives (1991).

1983, all depository institutions could freely set
the rates paid on all deposits) and other restric-
tions were relaxed. The 1980's have witnessed
a substantial increase in bank failures, including
the thrifs dsbhacle, straining the cafety net and
triggering a debate over banking regulation (4).
Existing proposals of reform apart from impro-
ved accounting and supervision, include “na-
rrow bank" proposals (100% reserve require-
ment in the extreme) and changing the deposit
insurance system towards risk based premiums
and limiting its coverage (5). Rate regulation has
been set aside as a regulatory tool, the empha-
sis being replaced by the forcus on establishing
limits to deposit insurance, which is now seen
by some practiciones as the main cause of ex-
cessive rate rivalry. (6)

Regulatory reforms (and proposals for re-
form) follow one another and yet the mechanism
by which “excessive competition for depositors
exist or may be destabilizing is far from clear. It
is therefore important to understand the links
between competiton and the potential fragility or
instability of the banking sector. It is essential to
analyze the impact of the possibility of failure of a
bank on the behavior of depositors in a context
where they receive competing rate offers. Only
then the implications of deposit insurance on
competition can be understood and the potential
need of rate regulation assessed.

In this paper we take as a starting point the
elements of the intermediation theories advan-

3 Basic regulation is contained in the Pepper-McFadden Act (1927) and in the Banking Act (1933) (Glass-Steagall), the latter separating
commercial from investment banking.

4 The mounting losses accumulated in the S&L crisis provide a good example. The Federal Savings and Loans Insurance Corporation (FS-
LIC) created in 1934 became insolvent Furthermore, the crisis affects commercial banks as well: between 1985 and 1988 almost twice as
many banks (698) as S&L (357) closed because of financial difficulties (Jaffee(1989)). _ 5. See for example, Boot and Greenbaum (1991)
for a summary of existent proposals of reforms and new proposals.

¢ Deposit insurance “subsidises uneconomical banking practices and destroys the market's ability properly to price deposit and loan rates”
and cnzsurzges “depesit rates that are too high and lending rates that are too low-giver the level of risk- just to win business" (Eurome-
ney (p.33, US Banking, February, 1991)).
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ced by Diamond (1984) and Diamond and Dyb-
vig (1983) and buld a competiton model of ban-
king inspired in moder industrial organization
analysis (product differentiation and network
externaiities in particular). We consider that fi-
nancial intermediaries emerge as a response to
the imperfections and incompleteness of finan-
cial markets arising mainly from asymmetric in-
formation problems. Banks serve many func-
tions, among them facilitating transactions and
portfolio management, but it is their special role
as intermediaries between lenders and borro-
wers under asymmetric information which lea-
ves them vulnerable to confidence crises. (7) In-
deed, banks take advantage of their superiority
in minimizing incentive trasaction costs in moni-
toring loans but have to offer a standard de-
mand deposit contract to lenders, not contin-
gent on the realized portfolio of the bank, since
depositors can not monitor the returns of the
bank. Confidence crises are not unique to ban-
king but it is in this sector when they are more
prominent and where they might cause larger
negative externalities.

We do not pretend to build a comprehensi-
ve model of banking competition. Some impor-
tant aspects, such as competition on the asset
side and the moral hazard problem associated
with taking too much risk in certain limited lia-
bility contexts, are not addressed (8). For the
most part, banks in our paper bear the full cost
of bankruptcy, abstracting thus from limited lia-
bility issues. This way we simplify the analysis
and isolate the interaction of competition for
deposits and failure risk.

The ingredients of our model include diffe-
rentiation, asymmetric information, economies
of scale and rational depositors. First, product
differentiation is pervasive in retail banking as

competition on the number and location of
branches and ATM networks shows. Further-
more, parametrized product differentiation
allows comparative statics exercises with res-
pect 1o Uhe degiee o imarket power and enri-
ches considerably the welfare and public policy
analysis. Next, any banking model should incor-
porate the fact the investors do not observe
the returns obtained by borrowers. As a result,
a standard debt contract, with nonpecuniary pe-
nalties a la Diamond (1984) or monitoring 4 la
Gale-Hellwig (1985) is required for incentive
purposes. Economies of scale are at the core of
banks activity as intermediaries. Banks invest in
risky projects which require the funds of many
depositors (minimum size); there may also exist
benefits to diversification (though empirical evi-
dence suggest that they are exhausted at relati-
vely small sizes). Finally, depositors are assumed
to be rational and have homogeneous beliefs.

Our research program starts by looking at
free banking competition in a contest where
banks can fail and then examine the implications
of deposit insurance and i1aie regulation. Our
analysis uncovers that the quality of a bank (its
probability of success) is endogenously determi-
ned by depositors' expectations which create a
vertically differentiated structure (9) and which
may result in a multiplicity of equilibria (including
corner or “naturla monopoly” equilibria where
one bank is out of the market) or even no ban-
king (“systemic confidence crisis”). Quality is en-
dogenous, yet it is fragile because of the self-fulfi-
lling character of expectations. The efeect of the
margin of the bank on its failure probability is the
first mechanism through which different possible
depositors' expectations become self-fulfilling: a
bank which is perceived safer will command a
higher margin, which in turn will make the bank
actually safer. Economies of scale (minimum size

7 Apart from the leading contributions of Diamond and Dybvig (1983) and Bryant (1980) to the bank run/confidence crisis literature see
also Posiewaite and Vives (1587), jacklin and Bhattacharya (1988) and Aghion, Boltior: and Dewatripont (1988).
¥ For an analysis of theses issues see Genotte and Pyle (1990) and Genotza (1990).
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inverstments and diversification economies) rein-
force this mechanism and contribute to the mul-
tiplicity problem. For example, a bank which is
perceived safer commands a higher market share
which makes the bank actually safer because of
better divesification. In fact, a bank can be un-
derstood as a network: a larger bank with more
depositors will be letter diversified and will have
a lower probability of failure (higher quality).
Our model, can be understood also as a genera-
lization of the standard network externalities
model to a situation where margins, as well as
market share, influence quality (probability of
success) (10).

The root of the multiplicity of equilibria lies
in the coordination problem which arises from
the interplay of the standard deposit contract
and the expectations of depositors and not
from “excessive” competition. A monopoly
bank could suffer from instability. This is in line
with the results of Diamond and Dybvig (1983),
although in our case instead of runs we have
no-banking equilibria. However, we find that
when banks are direct competitors, even thoug
the possibility of failure softens rivalry, they
tend to compete excessively: by lowering rates
social welfare could be increased via a reduc-
tion of the probability of failure, which is costly
given the presence of bankruptcy penalties as-
sociated to incentive contracts. Our results are
also in line with those of Yanelle (1989, 1991)
who studies a model of endogenous financial in-
termediation with double-sided competition.
She finds also multiple equilibria in different ex-
tensive form multistage games.

A consequence of our analysis is that higher
levels of product differentiation (friction) and

hence market power are not necessarily detri-
mental from a welfare point of view. Indeed,
higher margins do tend to decrease failure pro-
babilities and may compensate the increased
market fricdon. 1ne introducton of fair and
risk based deposit insurance, even in the absen-
ce of moral hazard problems, will induce fiercer
competition since depositors will not “dis-
count" the rates offered by banks (anyway they
will be paid back). Excessive competition would
be aggravated with flat insurance premiums.
However, deposit insurance does prevent the
occurrence of systemic confidence crisis, mini-
mizes frictions (transport costs), and tends to
extend the market by increasing the incentive
to deposit (althoug, by insuring that all banks
are active, may preclude the realization of desi-
rable diversification economies). Our model
thus allows the analysis of the welfare trade-offs
involved in deposit insurance and provides a ra-
tionale for deposit rate regulation (11).

Section 2 introduces the model. Section 3
examines banking rivalry with given perceptions
of depositors. Section 4 characterizes the equi-
libria of the model. Section 5 studies equilibria
with deposit insurance and explores the welfare
implications of insurance and rate regulation.
Concluding remarks close the paper.

2. The model

Risk neutral banks raise money from deposi-
tors, offering them a standard demand deposit
contract, and invest the proccedings giving lc-
ans to firms. Depositors can not invest directly
in firms' projects. In this sense we take the ne-
ed of financial intermediation for granted.

? See Gabszewicz and Thisse (1979) and Shaked and Sutton (1983) for an analysis of vertical differentiation. Gehrig (1990) has also studied
vertical differentiation aspects of intermediated markets in the presence of search costs of trading partners.
10 See, for example, Katz and Shapiro (1985) and Farrell and Saloner (1985, 1989) for examples of network extarnalities models and Dyb-

ving and Sgatt {1983) for an sarly adeption externalities model.

!l Bhattacharya (1982) also provides a rationale for interest rate restrictions.
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The features of the model are as follows:

i. Differentiation. This is introduced via a

standar Hotelling model. Depositors are
uniformly distributed on a unit segment
i0,1;. There are two banks: bank a is loca-
ted at 0 and bank b is located at |. Deposi-
tors are risk neutral, have an inelastic
supply of one unit of funds with a reserva-
tion value v (the return of a risk free outsi-
de opportunity), and face linear transport
costs at rate t (t 2 0). They have to decide
whether to deposit in a bank or keep their
endowment, and in the former case in
what bank to deposit.

ii. Incentive contracts and price competition.

.,

Depositors do not observe the returns of
the bank. Bank i offers a fixed (gross) rate
r; to its customers according to a standard
debt contract with nonpecuniary ban-
kruptcy penalties similar as in Diamond
(1984). If the bank fails (that is, the reve-
nue obtained by the banks does not cover
the face value of debt) it declares ban-
kruptcy. In this case we make the simplif-
ying assumption that depositors do not
receive anything and that the funds left
are frozen by the govenment (12). The
bank suffers an endogenous nenpecuniary
penalty which leaves it indifferent with
respect to the case which it had to pay
the posted rate. If bank i quotes a rate r;
per depositor and intends to pay z, it suf-
fers a nonpecuniary penalty equal to
8(z) = max {r;—z 0).

Investment. Bank i can invest the proce-
eds of its deposits in entrepreneurial pro-
jects. Let n, represent the deposit market
share (and the total amount of funds at

the disposal) of bank i. Denote by R, the
non-negative (random) return of a unit of
funds invested by bank i when the bank
invests nj. It is assumed that ER, = R,
where R > v is a posidve constant (inde-
pendent of n). R;- R is distributed accor-
ding to a distribution function F(.; n;)
which is of class C? (on both arguments)
with support on [0,,6,], © 2 = R. The
bank can also invest in reserves (with no
return). Bank i, investing n; declares ban-
kruptcy when revenues can not cover
payment obligations: R; < r;.

Assuming the bank invest all its funds, and gi-
ven the standard debt contract the expected
profits of bank i can be written simply as Em;
= (R—) n; This is so since expected revenue
equals E{R; n;}, with ER; = R, and expected
deposit costs equal n;r;, given the bankruptcy
penalty a la Diamond. Given our assumptions
the bank always invests all deposits in risky
loans (and nothing at the risk free rate v).

iv Diversification and size. We say that a
bank needs a minimum size to be viable
whenever an investment project needs
the funds of a (small but positive) propor-
tion of total funds s to be financed. A bank
needs then to atract at leat a market sha-
re of s. Otherwise the bank can not invest
and it is not viable. For convenience and
simplicity of exposition we adopt the con-
vention that in the presence of minimum
size investments bank i setting rate r; <R
fails with probability one only if n, = C. Gi-
ven r; the probability of failure of bank i is
given by F(r—R; n) (with F(riR; 0) = |
with a minimum size requirement). Notice
that the probability of failure is decreasing
in the expected net revenue per unit of

12 Alernatively we could suppose that the bank keeps the income it has obtained and suffers a larger endogenous nonpecuniary penalty (r;
per unit deposited whanaver the bank fails and 0 otherwise) which leaves it again indifferent with respact to the case where it had to

pay the posted rate.
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funds R—r;. It is reasonable to suppose
that a bank by investing more can diver-
sify anyway some of the risk it faces. We
say that diversification economies exist if
F, F, will denote the partial derivate of F
with respect to the it argument) is negati-
ve whenever the bank makes non-negati-
ve expected net revenue: R—r; 2 0 In this
case the probability of failure is decreasing
in the market share of the bank n;.

v The extensive form we consider is as fo-
llows (see Figure |). Depositors are endo-
wed with homogeneous prior beliefs (°p,,
ep,) about the probabilities of success of
banks. Banks, knowing these beliefs. set
deposit rates. In turn, depositors, upon
observing the rates offered, choose which
bank to patronize. Consumers deposit in
the bank which offers the higher expected
return net of success p, and p, the market
share of bank i is given by n, = /2 + (p;r-
Pr)/2t, j # i provided Piri-pjFj is in the in-
terval [-t, t] and p;ri-tn; 2 v, I= a,b. If piri-
pjfj is in the interval [, t] but pritn; < v,
then some consumers in the middle of the
interval are not served (do not deposit)
and banks do not compete directly with
one another but have local monopolies. If
Pir—Pyrj is not in the interval [, t], then all
consumers prefer the bank with higher ex-
pected return and the other bank is left
out of the market. Banks invest the funds
collected, returns are obtained, and, ex-
cept in case of failure, deposit payments
are made. In equilibrium depositors* ex-
pectations are fulfulled, that is, ¢p, = |-
F(ri—R; n{). where r} and n denote equili-
brium magnitudes. The model therefore
has a rational expectations flavor.

1 }
P rn n Inv.
Fig. |

Returns Payments

od also as perfect Bayesian equilibria (PBE) of a
game with Bayesian depositors having (degene-
rate) point prior beliefs (°p,, ®py) which are
constant out of the equilibrium path (and fulfi-
lled in equilibrium, obviously). If depositors ex-
pect (equilibrium) rates r* to obtain and banks
set those rates then at a PBE necessarily the
point initial expectations are confirmed. Other-
wise, if banks set different rates (which is a zero
probability event), Bayesian consistency does
not impose any restriction on the updating of
beliefs. Our model would call then for deposi-
tors not to modifiy their initial beliefs (13).

We could term the situation considered pa-
rametric perceptions since in this case banks ta-
ke as given the perceived probabilities of failure
of depositors. In Appendix Il we consider anot-
her extensive form (ucdating rule) according to
which banks can influence the expectations of
depositors with their choice of deposit rates.
The insights derived from this alternative exten-
sive form are similar to the ones derived from
the parametric specification but the model is
less tractable (see the discussion in Appendix li
for a comparison of results between the two
approaches).

An example satisfying our assumptions with
uniform distributions, and which will be used
subsequently, is the following. Given n; > 0, R-R
is uniformly distributed on [-0, @], where O =
B—(B—o)n; ., and R > B > o > 0. Note that R; is
symmetrically distributed around its mean R.

1} Twwe requirements must be fulffilied at a PBE (1) beliefs must be consistant, that is (°p,, %) must equal the trus p-obabilites of success,
and (2) banks must maximize expected profits taking into account the updating rule followed by depositors.






The probability of success of a bank with a mar-
ket share of n which offers a deposit rate r is gi-
ven then by p = 1/2 + (R—r)/2(B——)n). provi-
ded n>0 (equal to zero if n = 0 and projects
need a minimum size). Furthermore, these ars
diversification economies since F, is negative
when r <R.

In the next section we examine competition
among banks for given fixed perceptions. In sec-
tion 4 we close the model by endogenizing per-
ceptions and consider the equilibria of the ga-
me.

3 Bank competition with given
depositors‘ perceptions

In this section we consider fixed perceptions
(paPy) of depositors and examine possible out-
comes of rate competition among banks. Given
a rate r, such that p,R 2 p,r,-t. (which insures
that bank a is not out of the market), the opti-
mum response by bank a is very much similar to
the typical Hotelling model. The optimum res-
ponse is easily seen to be r,=B, (r;)=(p,R-
t+pyry,)/(2p,). It can be checked that it never
pays for bank a to price out of the market bank
b setting a rate r,= (p,rytt) /p,(14). The higher
Py the larger the deposit rate set by firm a (see
Figure 2). This is because the higher p, the lo-
wer becomes a‘' s market share for a given r,
and hence it is not as costly to attract an addi-
tional customer (the increase in r, must be paid
to a smaller consumer base). Instead, an increa-
se in p, has an ambiguous impact; on one hand,
a slight increase in r, attracts a larger number of
new consumers the larger is p, and thus a hig-
her p, provides bank a with an incentive to of-
fer a larger deposit rate. On the other hand, a
larger p, means that, for any given r,, bank a en-
joys a larger market share and hence increasing

r, becomes mor costly; that is, bank a becomes
a fat cat in the terminology of Fudenberg and
Tirole (1984) (see Figure 3). If p,=p,=p, and gi-
ven a market of fixed size, the market share fat
cat eifect vanishes, and increasing p makes
banks more aggressive.

4 The discontinuous Houeliing best response function, when one firm captures the hintertand of the other firmi, does not arise here since

banks are located at the extremes of the segment
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The following propesition and associated Ta-
ble | give the equilibria of our modified (because
of failure probabilities) Hotelling game accor-
ding to different regions of parameters (see Ap-
pendix | for a complete statement and proof of
Proposition |).

Proposition |. Given p, =p, =0:

I. When pR <v, i = ab, there is no active
banking.

Il. When pyR < vand p,R > v, bank a is a na-
tural monopoly (with blockaded entry).

. WhenpR2vi=ab:

(i) If (ppytpp)R>(2v+3t)., banks compete. If
the difference in perceptions of success of
banks is small relative to the transport cost
(3=>R(py-py)) then there is a unique interior
equilibrium, in which the safer bank (2) enjoys a
higher margin and market share. Otherwise
(3t<R(p,-py)), bank a enjoys a natural monopoly
(with impeded entry).

(ii) If 2(t+v)>(p,+pp)R. banks have local mo-
nopolies.

(i) Otherwise, there are multiple “touching
markets" equilibria, with all the market being
served.

Let us focus first in the symmetric case,
P:=P,=P, to understand the parameter regions
inducing different equilibria (see Figure 4). Sup-
pose that the parameters R and t are such that
with p = | the equilibruium is of the competiti-
ve type. Then when p is very low both banks
are out of the market since they can not offer
an expected return larger than the reservation
value v. For larger p's banks enjoy local mono-
polies (LM) since their potential market areas
do not overlap. Further increases in p make the

market areas of the rivals just “touch” (TM) as
in Salop's kinked equilibrium (Salop (1979) and
Economides (1984)). For still larger p's banks
compete dlrecdy (DC). It is interesting to not-
<e that the margin X = R-r. is not monotone in
p: the possibility of failure has an ambiguous im-
pact on margins depending on the type of equi-
librium. The margin increases over the regions
of LM (x = (R/2)-v/2p) -and also TM (x = R-
(v+t/2)/p)- and decreases in the region of DC
(x = t/p). A monopoly bank which is considered
safer can offer lower rates. A bank facing com-
petition (of equal perceived soundedness) will
become more aggressive, as we have argued,
when the perception of success increases simul-
taneously for both institutions. Nevertheless
the margin with DC is always larger than the
margin with LM whenever probabilities of suc-
cess are larger than |/2 (this must be the case
with symmetric distributions).

Proposition | highlights the importance of
the perceptions of depositors in banking com-
petition. Identify now the “reputation” or “qua-
lity” of a bank with its perceived probability of
success. This introduces vertical differentiation
in banking competition: if all banks were to of-
fer the same rates, and there were no other dif-
ferentation elements, depositors would prefer
the safer ones. A natural monopoly structure (a
natural oligopoly in a market with m banks) may
thus emerge. This is a situation where only a
few firms can survive in the market despite the
fact that fixed costs may be low and entry free.
Essentially, strong price competition among high
quality firms may leave no room for lovrer qua-
lity products.

In our duopoly model, two types of natural
monopoly situations may emerge. In the first,
one bank, say b, is perceived as of sufficiently
low quality that it cannot attract depositors, in-
dependently of the behavior of bank a (case I,
natural monoply with blockaded entry , NM
(BE) region in Figure 4). The second situation is






one where bank b could earn positive profits as
a monopolist, but the high quality bank drives it
out of the market (case lll (i), natural monopoly
with impeded entry, NM (IE) region in Figure 4).

Since our model incorporates horizontal dif-
ferentiation as well, the possibility of one bank
driving its rival out in equilibrium depends on
the magnitude of the transportation cost. Only
when the transportation cost is low relative to
the difference in the quality of banks, may such
an equilibrium arise. Indeed, when 3t/R > p,-py.,
both firms share the market and directly com-
pete with one another (case lll (i) interior equi-
librium; region DC in Figure 4).

I5 This need not be the case in the touching markets case Iil (ii).

When banks are direct competitors the safer
bank (a, when p,>p,) enjoys a higher margin and
market share (15). The safer bank setting a lo-
wer deposit rate can attract a larger market
share (the fat cat effect we have referred to be-
fore). Interpreting the fixed perceptions of de-
positors as corresponding to a case where
banks a and b are entering a new market which
is small compared to the set of markets already
served (and therefore the business in this new
market does not affect the overall failure proba-
bility of the institutions), a larger bank (which is
more diversified and therefore safer) captures a
larger fraction of the new market while offering
a lower deposit rate than a smaller rival (16).

1§ Further, in this interpretation, the condition stated in the vertical differentiation literature (eg. Shaked and Sutton (1983)) for the emer-
gence of a natural oligopoly seems to be satisfied: the burden of the increase in quality (increase in the customer base to profit from di-
versification economies) falls basically on fixed costs (investment in the branch network, ATM systems and promotion).






An initial advantage may therefore snowball
showing the banking market a tendency to-
wards concentration.

4. Equilibrium characterization

Given perceptions p, i = a,b Proposition |
characterizes possible equilibria in deposit rates.
An equilibrium of the game requires depositors
perceptions to be self-fuffilling: the probabilities
of success must satisfy p;, = | - F(r=R; n), i =
a,b, where n, is the outcome of price competi-
tion among banks taking parametrically the pro-
babilities of success p, as in Proposition |. Seve-
ral types of equilibria may arise.

Proposition 2. Apart from equilibria of the
local monopoly or touching markets type, pos-
sible equilibria are as follows:

(i) Interior symmetric equilibruium. When it
exists it is unique and is characterized by x*=R-
r*=t/p* (with 2p*R > 3t + 2v). The success pro-
bability p* and the equilibrium margin x* are in-
dependent of R. Provided p*<|, p* and x*
increase with t

(i) Interior asymmetric equilibria (where the
safer bank has a higher margin and market sha-
re).

(iij) Corner asymmetric equilibria: ni > 0,
n=0, i # j. These are always possible when the-
re is minimum size investment provided the
monopoly (rational expectations) equilibrium
exists (it involves necessarily pi>0, p;=0, i # .

(iv) No banking equilibruium: n;=0 (and
p;=0), i = ab. It is always an equilibrium with
minimum size investments.

Proof:

(i) From Proposition !, we know that if thera
is a symmetric equilibrium then R-r*=t/p*. Furi-

hermore, p* must be the true probability of
success. Therefore, p*= |-F(r* - R; 1/2). Let us
now define x as R-r. It is clear then that an
equilibrium exists and it is unique if the system
of equations:

(1) p= 1-F(-x 172).
() x=tp

has a unique solution, x*, p*. Notice that, sin-
ce the probability of failure decreases with the
margin, (I) defines p as an increasing function of
X. On the other hand, from (2) x is a decreasing
function of p; furthermore, from (2), when p =
0, x is infinity, Hence, (1) and (2) intersect only
once. Hence the equilibrium exists and it is uni-
que provided that consumers derive non-negati-
ve surplus; from Proposition |, we know that
this requires 2p*R>3t + 2v. Furthermore, notice
that (2) implies that x =t if p = |. Therefore, in
equilibrium p*<1 if 1- F(-t; 1/2) < I.

The comparative statics properties of this
equilibrium are easily derived. Totally differen-
tiating (1) and (2) we obtain:

dp*/dR= dx*/dR=0, thus dr*/dR=1,

dp*/dt=(pF,)/(p? + F; t)> 0, and
c¥/de=p/(p2+F,£)>0, thus dr¥/dt<0,

(i) See the example at the end of the proof.
Furthermore, asymmetric interior equilibria ha-
ve to satisfy Proposition | (i) and therefore the
safer bank has a higher margin and market sha-
re.

(iii) If the monopoly (rational expectations)
equilibrium exists then ¢p,=0 is self-fulfilling and
there is a positive p, which is also self-fulfilling.
Indeed, if ¢p,=0, then bank a is indifferent about
the rate to set and n,=0. It follows that p,=0
since the bank nacds a positive market share to
invest.
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(iv) Let ¢p;=0, i = a,b. Then banks have no
customers for any interest rates offered. In con-
sequence, n=0, i = a,b, and the probability of
failure of any bank is one provided a minimum
investment is needed.

In the uniform example equilibria of the type
(i), (ii), (iii) and (iv) obtain simultaneously (with
(iii) and (iv) obtaining provided a minimum bank
size is needed). Symmetric local monopoly (and
hence, the natural monopoly equilibrium) and
“touching markets* equilibria may also arise. Fi-
gure 5 shows the region of existence in (Rt)
space for all these equilibria when B=4, «=2,
and v=1.

Remark: At the benchmark symmetric inte-
rior equilibrium (i) when R increases the margin
stays constant and depositors appropriate the
increased expected returns. Further, an increa-
sed friction in the imarkei (increased i) raises
margins and probabilities of success. Enhanced
market power makes failure less likely.

An striking fact is that, in contrast with the
typical Hotelling competition case (even modi-
fied as in Proposition | with some fixed proba-
bilities of failure) where equilibria are unique-
except possibly in the touching markets region-,
there is in general a multiplicity of equlibria. The
main root of the multiplicity is the self-fulfilling
character of expectations of depositors in the
presence of the standard deposit contract. A
bank with high perceived quality (probability of
success) sets a lower rate and commands a lar-
ger market share which may sustain and make
self-fulfilling the initial belief. This may happen
even in the absence of diversification economies
and minimum size projects as the following
example shows.

Example. Assume that there are no diversifi-
cation economies or minimum size projects and
that R takes the values, R}, R, and R; with pro-
babilities (), 0, and ¢ respectively, and has ex-
pected value R >R,. There are parameter cons-
tellations for which a symmetric interior
equilibrium with p;= 0 coexists with a symme-
tric interior equlibria of the type p, = 0 4 0.
and py = og(17).

Economies of scale are additional driving for-
ces behind the multiplicity of equilibria. In the
presence of diversification economies an initial
advantage in depositors' perception ca be made
self-fulfilling because the effect of the increased
margin and market share commanded are rein-

I7 For example, both equilibria coexist when R;=2R,=4R |, (;=i/4 and o=1/2, L.I2R| < 3t < L.3IR and 9R, > 4v + 2t However, we ha-
ve checked that this can not be the case with returns following uniform distributions,






forced by the reduced failured probability asso-
ciated to a larger institution. This effect may in-
duce induce corner equilibria driving a bank out
of the market. Further, if a minimum market
share is needed to invest the non-banking equi-
librium and corner equlibria (the latter under
regularity conditions) always exist. The conse-
quence is that typically equilibria of the type (i),
(i), (iii) and (iv) in Proposition 2 obtain simulta-
neously as we have seen with the uniform
example.

The coordination problem and the multipli-
city of equilibria are akin to situations encoun-
tered in the network externalities literature
where the self-fulfilling character of expecta-
tions induces the possibility of multiple equili-
bria (see, for example, Katz and Shapiro (1985),
Farell and Saloner (1985, 1989)). A bank can be
understood as a network in which when more
consumers join everyone benefits and where
the network needs a minimum size to be viable.
Indeed, in the presence of diversification econo-
mies a larger bank has, ceteris paribus, a lower
probability of failure {i18). Our model involves a
generalization of the usual network externalities
situation to a case where the quality of the pro-
duct of a firm (19).

Expectation-driven equilibria are not uncom-
mon in the banking literature. The non-banking
equilibrium in our model is reminiscent of the
“bad" equilibrium, our confidence crisis, in the
bank runs literature (Diamond and Dybyvig
(1983)). These authors show that the optimum
deposit contract between the banks and risk
averse depositors, who face private liquidity
risk, involves a fixed payment to early withdra-
wals. This deposit contract has a good equili-
brium which realizes optimum risk sharing, but

also has a bad equilibrium in which all deposi-
tors panic, withdraw their funds and the bank
collapses. This may happen to an otherwise
sound bank. In the bad equilibrium (0,0) of our
model depositors anticinata that hanks ara not
viable and do not deposit in either bank. Ban-
king may not get started even when it is the
only way of linking lenders and borrowers. Rat-
her than a “run* what the coordination pro-
blem implies is the potential nonviability of
banks. Further, in our setting we also obtain the
possibility of an “instituion confidence crisis®,
that is the situation where depositors mistrut
one of the banks making it not viable. With mi-
nimum size projects this tituation arises because
of depositors mistrust and not because of ac-
tions of the rival bank. Equilibria can not be of
the natural monopoly with impeded entry type
(with one bank out of the market because of
competition from the rival bank). Equilibria can
not be of the natural monopoly with impeded
entry type (with one bank out of the market ba-
cause of competition from the rival bank). Inde-
ed, when n=0, the p;=0 and the expected re-
turn that bank i can promise depositors is ze-=
and therefore the bank is left out of the market
(as in 1I(i) in Proposition |: natural monopoly
with blockaded entry).

In summary, equilibria may be multiple due
to a coordination problem among depositors
which makes different levels of confidence pos-
sible in equilibrium (self-fulfilling). A basic me-
chanism is through the margin: a bnak which is
perceived unsafe must offer higher rates than
the safer bank and this in turn (via a margin re-
duction) makes the first bank actually unsafe.
This basic mechanism is reinforced in the pre-
sence of network effects (diversification econo-
mies and/or minimum size projects). The outco-

18 Furthermore, the branch and ATM systems alto involve a network externality with which we do not deal in this paper.
19 It can be easily seen that in our generalized framework incentives to become compatible may differ from the standard network externa-
litias model. For example, asymmetric compatible equilibria may =xist without the need to invoque a converter (as in Farell and Saloner

(1989)).
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me is a multiplicity of eugilibria in which banks
have different levels of quality. Nevertheless,
quality, endogenously determined in the mar-
ket, may be fragile since it is based on the ex-
pecmadons of depositers. It is worth remarking
that behind the multiplicity issue there is not
“excessive competition* since the described
mechanisms are at work with a single bank fa-
cing no competition.

5. Regulation. Deposit Insurance
and Welfare

Up to now we have considered a free ban-
king context with no regulation. We deal in this
section with two common types of public inter-
vention in banking markets, deposit insurance
and rate regulation, and assess their welfare im-
pact in the context of our model. We stydy first
the best case for deposit insurance, with fair
and risk based pricing, and evaluate the welfare
trade-offs which involves. We then briefly exa-
mine the effects of flat pricing of insurance, and
consider at the end of the section rate regula-
tion.

Fair and risk-based deposit insurance

Suppose that there is a deposit insurance
fund (DIF) run by the governmente which fully
insures deposits, at a fair price, and that can
monitor the solvency of the bank at a cost K.
The DIF guarantees that the banks‘ posted rates
will be honoured (provided they are less than
R). The DIF finances the deposit insurance with
a bank specific tax on net revenue or financial
margin (with a linear rate which is contingent

on the quoted rates and market shares), and th-
roug auditing and monitoring, enforces the pay-
met of residual funds in a state of bakruptcy and
of posted rates otherwise. The DIF covers the
difference with pusted rates in case of ban-
kruptcy. The optimum incentive contract (to
minimize the expected cost of monitoring given
a certain expected return for depositors) is a
standard deb contract a la Gale-Hellwig (1985)
with the difference that here the DIF instead of
depositors, who do not have monitoring capabi-
lities, monitor the bank (20). Notice that now
incentives are provided to the banks with moni-
toring instead of nonpecuniary penalties.

The sequence of events is as follows. Bank i
quotes rate r;, obtains a market share j; and ma-
kes its investments. Returns from investments
are obtained. If the bank declares bankruptcy
then the DIF monitors the returns at a cost K
and pays (ri-R) per unit of funds deposited while
the bank pays R, Otherwise the bank pays the
posted rate to depositors and a linear tax on the
realized financial margin. The tax is contingent
on r; and n;, and the d cost of monro-
ring bank i is then (1-p)K. (See Figure 6).

FIGURA 6

We focus on a case where the insurance
premium is anticipated by the banks when set-
ting interest rates (21). That is, a bank knows

3 If a minimum size investment is needed and for given deposit rates a bank does not obtain the minimum market share to operate the
DIF has the power to uniformly tax the agents in the economy in order to obtain funds to inject the minimum capital required by the
bank to invest and operate. This can be interpreted as a lender of last resort facility of the DIF,

2l Chan, Greenbaum and Thakor (1991) show that in the presence of privats information and moral hazard, perfect competition and fair
deposit insurance may be incompatible with one another. The reason is than riskier banks do not have incentives to reveal that they are
high risk so as to pay a lower prenium and earn positve (raiher than zero) expected profi. It is worth emphasizing that in our mods!
fair insurance is possible; the main reason is that a riskier bank cannot hide its type since the rate that it sets is cbservable. (Otherwise,






that if it takes a more risky poition it has to pay
for it, i.e., banks take into account the riskiness
of their positions since a higher probability of
failure translates into higher taxes. In this way
both with and without deposit insurance banks
maximize expected returns with full considera-
tion of the costs of bankruptcy. In consequence,
insurance does not introduce limited liability in
the model and we can isolate the impact of in-
surance on competition for deposits. We then
consider briefly the possibility of flat insurance
premia, and hence allow the insurance system
to introduce limited liability. Contrasting the
impact of insurance under these two alternative
assumptions allows us to disentangle the va-
riour ways in which insurance operates.

Given how we have modelled the DIF, ex-
pected profits to the bank are:

(1 - ) E{Rer; | ri<RiD)n;

If bank i fails the DIF has to pay r-R; per unit
of funds deposited. If the DIFS sets a tax rate
which corresponds to a fair insurance premium:

T, E {Rer; | ri<Ri}m; = E {r:-R; | r>R}m,

Thus, when the insurance premium is antici-
pated, expected profits to the bank are Em=(R-
r)n,. Notice that a bank never has incentives to
set a rate larger than R and that for rates r; less
than R expected profits are always positive.

In case of failure the bank pays R, and the
DIF r-R;. Nevertheless, banks have to be provi-
ded incentives to pay the posted deposit rate
whenever they can and whatever funds they ha-
ve otherwise. The tax on profits does not ac-
complish this since it implies a levy only when
profits are positive. Incentives to the bank are

provided via monitoring at the cost K. The total
expected incentive (monitoring) cost is ((I-

Pa)*+(1-pu))K.

Depositors now wiii be paid back for sure
and, from their point of view, ¢p;=1, i=a,b. This
means that the equilibrium is like in the classical
Hotelling model, with firms maximizing Em;=(R-
ron;, and the multiplicity of equilibria is elimina-
ted. Hence:

Proposition 3. With fairly priced deposit
insurance, equilibria are as
follows:

(i) If R>v+3t/2 then there is a unique symme-
tric equilibrium R-rPl=t.

(i) If R<t+v then there is 2 symmetric local
monopoly equilibrium with rP'=(R+v)/2 and
n=(R-v)/2t.

(iii) If v+t < R < v+3t/2 then there is a sym-
metric touching markets equilibrium with
rPl=y+t/2. Asymmetric TM equilibria also exist.

Deposit insurance rules out the possibility of
vertical differentitation across banks. That is,
depositors perceive the quality of both banks to
the same (®p=I) because the DIF guarantees
that posted rates will be honoured. As a result,
insurance eliminates the multiplicity of equilibria
associated to the market solution cutting th-
rough the multiple self-fulfilling expectations,
but does it increase welfare!?

First, it is clear that DI improves upon the
situations where the market fails and both
banks are not viable in the presence of mini-
mum size investments (stabilization effect).
This is reminiscent of Diamont and Dybvig

since we do not assume a perfecdy compeutive structure it is unciear whether there would be a schedule such that it was both incentive

compatible and fairly priced).
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(1983) where deposit insurance (backed by go-
vernment) is an institution which prevents the
bad equilibrium from obtaining. Second, (ex-
cept in the TM region) the DIF implies that a
symmetric equilibrium prevails and hence, gi-
ven the number of consumers who deposit,
total transportation cost is minimized (unifor-
mization effect). However, there may be costs
associated to the uniformization effect in
terms of lost diversification economies. Inde-
ed, welfare may decrease when Dl is imposed
if the market outcome was a corner equili-
brium; this case may arise when diversification
economies are so important in reducing ban-
kruptcy costs and relative to the unit transpor-
tation cost, that concentration of depositors in
a single bank may outweigh the benefits of re-
duced total transportation costs implied by DI.
Next, insurance has a market extension effect:
the certainty of being paid back incentives con-
sumers to deposit, given posted rates. Finally,
there is the issue of how deposit insurance
(DI) changes the equilibrium rates (competi-
tion effect) and Uws the residual probability of
failure, and whether this may cancel out the
market expansion effect. Results are as fo-
llows. When the market outcome is one of lo-
cal monopolies, introducing DI necessarily in-
volves both an increase in the margin and in
the number of consumers served (22), decrea-
sing the probabilities of failure, and improving
welfare. If, on the other hand, without insuran-
ce the market outcome involves direct compe-
tition and the equilibrium is symmetric, Dl en-
haces competition, i.e., rates are higher, and
this causes an increase in the residual probabi-
lity of failure (23). It is worth to remark that
such an increase of competition occurs in the
absence of moral hazard and limited liability.

In summary, deposit insurance involves seve-
ral trade-offs in welfare terms. On the positive
side it avoids systemic confidence crises and mi-
nimizes frictions (transport costs), and may ex-
tend the market. (Notice however that if depo-
sit insurance is limited and partial, as argued in
recent proposals of reform in the US, the ex-
pectations game among depositors, main source
of the potential instability of the system, is
reinstated). On the negative side, it may avoid
desirable concentration of deposits in one bank
(preventing the full realization of diversification
economies) and may make banks more aggressi-
ve (increasing failure probabilities). The follo-
wing proposition makes clear that the market
extension and the minimization of transport
costs effects of deposit insurance improve al-
ways expected gross surplus EGS (gross of ban-
kruptcy costs). The probabilities of failure will
decrease in a local monopolies regime but in-
crease with direct competition. the outcome is
thus ambiguous (and in the context of our mo-
delling will depend on the relative deadweight
losses -DWYL- with and without deposit insu-
rance: monitoring cost versus nonpecuniary pe-
nalties).

Table Il gives the welfare magnitudes both
with and without a deposit insurance fund
(DIF). ERG stands for expected revenue of go-
vernment. Without DIF the ERG consists of
the residual funds that failed banks have (and
which are assumed not to be payed out to de-
positors) and the DWL are the nonpecuniary
penalties associated to failure. With DIF both
magnitudes are equal to the expected costs of
monitoring. Notice that in both cases banks
bear the full cost of failure, that is, limited lia-
bility is obviated

2 Reall that if with DI equilibrium is moved from the local monopolies region to direct competition the margin increases according to the

comment following Proposition 1.

B When without DI there is an asymmetric interior equilibrium, the bank which is at a disadvantage in this case may set a lower deposit
rate when Dl is introduced This happens since the vertical differentiation generated by the expectations of depositors in the uninzursd
instance may force the lower quality bank to compets more aggressively.
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TABLE II: Welfare

ETS = EGS - DWL = ECS + ERG + En — DWL
EGS = (n,+ny) (R—v) (n,2+n,2)t/2
en = (R—ryn,+ (R—Trp)ny

Without DIF
ECS: n,(p,r,—v) +ny(pyro—v) —t(n,2+n,2)/2
ERG: n,E{R,Ir,>R }+ngE{RyIr, >Ry}

DWL: n,(I-p)r,#ny(1-pp)ry—(n E{RIr, >R }+n E(Ry,
Ir>Ry})

With DIF

ny(rv)+np () ~t(n,24+np2)/2
~(I-p)+(I-pu))K

=((I-p) +(I-pp))K

Proposition 4. If we focus on symmetric equi-
libria in the TM region, deposit insurance com-
mands a higher level of gross expected surplus
EGS (gross of bankruptcy costs) than any mar-
ket equilibrium.

Proof: Recall that EGS=(n,+n,)(R—v)-DVVL-
(n,2+n,2)t/2. In a symmetric situation this equals
2n(R-v)-tn?, which is increasing in n for
R-v>nt. If the DI equilibrium involves
n,=n,=1/2 then it attains the maximum EGS
possible for a given DWL since transport cost is
minimized and (from Proposition 3) R>v+t and
it is optimum to serve the whole market. If
2nPl<| at the DI equilibrium in the local mono-
poly region (with nP'=(R-v)/2t) then necessarily
(p*a+p*b)/2<R<v+t and therefore any market
equilibrium involves (see Proposition [11iji)) lo-
cal monopolies with ni=(p;R-v)/2t. It follows
that nf <nP!, i=a,b. Therefore (n,+ny)% is larger

and this is always better since again 2n(R—v)—tn?
is increasing in n for R—v > nt and nP'=(R—v)/2t.
Q.ED.

Flat insurance pricing

In practice insurance premiums are not risk-
based but flat. We can analyze flat premiums as-
suming that banks take parametrically the tax
rate and than in equilibrium this tax rate is set
so as to maintain budget balance of the DIF. In
this case, because banks do not anticipate that
setting a higher rate involves a higher insurance
premium, insurance convexifies the profit func-
tion of banks dues to the limited liability effect.
Consider the case with no diversification eco-
nomies. With a parametric tax rate ! the expec-
ted profits of bank i are given by:

((1-T)E(R—r; I r; <R))m;

The first order condition for profit maximi-
zation is easily seen to be:

((1=)E(R—r; | r, <R))2t — (1=7) py ;= 0

Denote symmetric interior equilibrium rates
by r,=rPl. We have that (|-T)E(R— 0! | FDI<R)
= R—rD! since the tax rate is such that the pre-
mium is fair. Therefore, the FOC can be rewrit-
ten:R—f0! = (1-1)pFPit. The equilibrium margin
is then less than t, which is the equilibrium mar-
gin with anticipated risk-based deposit insuran-
ce at the symmetric interior equilibrium. VWhen
banks do not anticipate the cost of setting hig-
her rates, deposit insurance induces firms to ta-
ke larger amount of risk by setting higher rates.

Diversification economies enhance rivalry
provided that unit expected returns are increa-
sing in. This is the case in the uniform example
we have been considering. The intuition is that
with diversification economies, an increase in
posted rates generates 2 larger increase in reve-
nue in case of success.
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In summary, whenever symmetric interior
equilibria coexist for the cases of a free market,
risk based deposit insurance, and flat deposit in-
surance (and there are no diversification econo-
mies) we have: r-PI>rfFDI>r* and correspon-
dingly |-p™I>1—pPl > |—p*, That is, flat deposit
insurance induces more aggressive behavior and
higher failure probability than risk-based deposit
insurance, which in turn is at a higher level than
uninsured competition.

The welfare implications are immediate. Flat
deposit insurance is dominated by risk-based
deposit insurance since it saves on monitoring
costs by inducing more prudent behavior on
banks (recall that the monitoring costs equal
2(l-p)K.

Excessive competition and rate
regulation

We have argued before (section 4) that “ex-
cessive” competition could not be blamed for
the fragility ~* banking (multiplicity problem) in
an unregulated context. However, when banks
compete directly (benchmark interior symme-
tric equilibrium) there is “excesive' competition
in the sense that lower rates would improve so-
cial welfare. A first indication that market com-
petition may be excessive is that, contrary to
the case where the probability of failure is zero,
an increase in the friction in the market (as re-
presented by t) can be beneficial for social wel-
fare. In the classical Hotelling model and increa-
se in the transport cost rate t always decreases
total surplus since it increases total transporta-
tion cost. However, when failure is a possibility,
an increase in t will increase the margin and re-
duce the probability of failure. In the uniform
example it is easily seen that the decrease in the

M Indeed, in the case we consider (see Table II)
ETS=R—v-t/4 - QWL and DWL = U_P)"_E{Rl.’_' I Dﬂ;n}

probability of failure more than compensates
the increase in transport costs in terms of total
welfare if t is small (24).

The preceding analysis of deposit insurance
makes clear that -quite independently of the
moral hazard problem posed by the nonobser-
vability of investment of banks in a context of li-
mited liability, which we have assumed away-
deposit insurance may accentuate excessive
competition, inducing higher failure rates than
benchmark market equilibria. Our model sug-
gests thus a rationale for setting ceilings on de-
posit rates both in a free banking context and in
the presence of deposit insurance.

Proposition 5. Suppose that banks compete
directly (symmetric interior equilibria obtain),
then:

(i) Deposit insurance makes banks more ag-
gressive and induces higher failure rates than
unregulated competition.

(i) Without deposit insurance, social welfare
is increased by setting the smallest deposit rate
ceiling such that the expected return to deposi-
tors induces everyone to deposit (that is, equal
v+t/2).

(iii) With deposit insurance, social welfare is
increased setting a deposit rate ceiling equal to
the rate which induces everyone to deposit
(v+t/2).

Proof: (i) As argued in Proposition 3(i).
(i) Unconstrained banks set a deposit rate r*

higher than v+t/2. By constraining them to gi-
ving the minimal expected return v+t/2 such

Further, in the uniform eample when t=0, p*=1/2, dp*/dt= 2/(B+0) and dDWL/dt= —(1+R/(8+0)) < 0.
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that the whole market is still served bankruptcy
costs DWL(r)=(1-p)r—E{R 5 | r>Rp} are lower
sinde DWL is increasing in r (DWL'=1-p > 0).

(iii) Unconstrained banks would set a deposit
rate equal to R—t > v+t/2. By constraining them
to v+t/2 the whole market is still served and
the monitoring costs (DWL) 2(I—p)K = 2K
F(r-R;1/2) are lower.

Q.ED.

The conclusion that rate ceilings weakly in-
crease welfare is dependent upon the fact that
consumer surplus, government net revenues
and banks' profits have the same weight in the
social welfare function. Indeed, in our model
the rates paid to depositors are just a transfer
from the welfare point of view given that the
supply of funds is inelastic. There is no aggrega-
te loss to reduce the payment to depositors. If
bank's profits are given a weight & < | in the
welfare function, (which would then be
W=ECS+ERG+8En) for & small rate floors may
improve weiiare. The intuition is clear: 3 < | in-
troduces a trade-off between the costs of failu-
re (increased by high deposit rates) and consu-
mer surplus. Indeed, when there is no insurance
and § = 0 the deadweight loss induced by non-
pecuniary penalties disappears from the welfare
function and only consumer surplus matters.
Optimal rates would then be high (subject per-
haps to a zero profit constraint for banks). The
case = | has been dealt with in Proposition 5
and tilts the trade-off in favor of limited rates
since higher rates are only a transfer from
banks to depositors and increase failure proba-
bilities.

With no insurance, and in a symmetric equili-
brium, the proposed welfare function achieves a
maximum when the deposit rate is such that
the associated probability of success is exactly
8(25). Since at the market equilibrium i* =
R-t/p, it is clear that when r* < R-t/§, the equili-
brium rate is lower than the one which maximi-
zes welfare and that optimal regulation calls for
a rate floor r' (such that p(r'-R;1/2)=0) (less
than R so that banks make nonnegative profits).
On the other hand, if the equilibrium rate exce-
eds R-t/d a rate ceiling, r, such that p(r*-
R;1/2)=3 if r* > v+t/2 or r"= v+t/2 otherwise
improves welfare. A similar argument applies
when there is insurance (26).

6. Concluding Remarks

The theory of competition.among financial
intermediaries seems to be at an unsatisfactory
stage. The standard approach to banking com-
petition, the Klein-Monti model, reduces to
standard Cournot (or Bertrand) competition in
a context where the opportunity cosr of funds
is given by a competitive interbank or bond
market. Financial intermediation is exogenously
given and asymmetric information problems
which are at the origin of banking assumed
away. In this context runs or stability problems
do not arise (27). The traditional industrial or-
ganization approach to banking, the Structure-
Conduct-Performance paradigm, suffers from
similar problems mising important specificities
of the banking sector (28).

Recently there have been important contri-
butions to the theory of financial intermediation

5 Ata symmetric equilibrium we have ECS=pr - v - t/4, EGS= E(R, | R, < r} and En = R—r. It is easily seen that W' = p—0 and W' <0

% In this case, ECS=r - v - t/4, EGS= -2(1-p) K and Ex = R—r, We have then W' = |-2K f{r—R;1/2)}-5 and W™ < 0 provided f>0. The equi-
librium deposit rate is t, while (when W"<0) the rate which maximizes the social welfare function is such that f{rR;:1/2) = (I - 8)/ (2K).

T See Baltensperger (1980) and Santomero (1984) for a survey of theories of the banking firm. Dermine (1986) introduces the possibility
of failure in the Kiein-Mont model without introducing depositors expectations,

1 See, for ;ample, Hahnan (1991) for a summary of the approach in modern terms.






by Diamond (1984), Bryant (1980), and Dia-
mond and Dybvig (1983), which build on asym-
metric information problems, but do not model
explicity competition among financial interme-
diaries. Yvhen ihis is done (a la Bertrand) some
problems arise: financial intermediation may not
increase social welfare and the banking industry
may be characterized by a zero-rent monopoly
structure (Yanelle (1991), or equilibrium may
fail to exist (Smith (1984)) (29).

We have developed in the present paper a
framework that brings together different strands
of the literature to study competition in the
banking sector. Building on modern theories of
financial intermediation we have established a
bridge with industrial organization analysis provi-
ding a foundation for the understanding of ban-
king competition. From a methodological point
of view we have incorporated incentive pro-
blems in the modelling of competition among fi-
nancial intermediaries yielding connections with
industrial organization concepts such as network
externalities and vertical differentiation. In other
words, we nhave explored the links between in-
centive and competition theories in the context
of financial intermediation. Further, we have as-
sumed the bank offer (horizontally) differentia-
ted products, or that there is friction in the
market. Location, service variables and custo-
mer specific relations are pervasive in retail ban-
king. Competition 2 la Bertrand with identical
products tends to yield in general, and in parti-
cular in banking, counterintuitive results.

We have found that the pessibility of failure,
with the standard deposit contract at its root,
(endogenously) introduces vertical differentia-
tion and that this is an important determinant

of competition. As it is well known, vertical dif-
ferentiation may entail natural monopoly or oli-
gopoly structures. A bank resembles a network
and many different outcomes of the competitive
process aie pussivie Uspending on Uie Expecta-
tions of depositors, which become key to the
explanation of the fragility of banking.

Deposit insurance turns out to be a mixed
blessing. It avoids systemic confidence crisis
but even if it is fair and risk based and in the
absence of moral hazard problems it may in-
crease failure probabilities by inducing excessi-
ve competition. On the other hand it will mini-
mize frictions and may enlarge the market.
Further, a deposit rate ceiling would increase
social welfare whenever banks compete di-

rectly.

In consequence, with respect to the current
policy debate on reforming deposit insurance
in the US our model would caution against its
limitation, in order to preserve its stability ro-
le, and would point out that even in the best
of the worlds (with fair and risk based pre-
miums) deposit insurance may induce excessi-
ve competition (above an uninsured context).
Rate regulation may be a necessary comple-
ment to deposit insurance. This is not to say
that we advocate the reinstatement of rate re-
gulation. As it is well known, rate regulation
has other costs not contemplated in the pre-
sent paper, among them, the tendency to ove-
rinvest in services and the possibility of regula-
tory capture (Vives (1991)). These costs
should certainly be considered in the present
policy debate, Our analysis suggest however
that if deposit insurance is deemed necessary,
rate regulation does have some benefits.

B See also Broecker (i990) for an interesting model of the effects of credit-worthiness tasts on interbank competition.
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APPENDIX |
Proposition 1. Given p, 2 p, 2 0;

i. YYhen pyR<v, i=a,b, then both banks are
out of the market.

Il. When p,R<v and p,R<v then bank b is out
of the market and bank a has a positive market
share. If p,R < 2t + v then bank a sets
r,=(p,R+v)/2p, and n,=(p,R—v)/2t. Otherwise,
r,=(v+t)/p, and n,=1.

lIl. When p;R 2 v, i=a,b:

(i) If (py+py)R>(2v+3t) then banks compete.
If 3cR(p,—pyp) there is a unique interior equili-
brium: R—r;=t/p;+R(p—p))/3p;, and both banks
have a positive market share n;=1/2+(p—p)R/ét,
n, 2 np > 0, i=a,b. Otherwise (3t<R(p,—ps)).
n,=| and n,=0, with r,=(p,R+t)/p,.

(ii) If 2(t+v)>(p,+pp)R banks have local mo-
nopolies and r,=(R/2)+(v/2p)), n=(p,R-v)/2t.

(iii) Iif 2(t+v) < (p,+pp)R<(2v+3t)then there
are multiple “touching markets” equilibria,
all with n,,n =1, of the form p,r,= y(v+t/2) and
Perp=2v+t—y(2v+t)/2, where 7 is in the interval
[(3v+2t—pyR)/(2v+t), (v+p,R)/(2v+t)] when pa
<((5v+6t)/3R)-2p,/3 and in the interval
[2(2v+p,R)/((2v+t)3), 2(3t+4v—p,R)/((2v+1)3)]
otherwise.

Proof:

I- If p; < v/R, firm i cannot atract depositors
and earn positive expected profits. Thus, when
p;< VIR, bank i is out of the market.

ll- The expected profits of firm i are En;=n,
(R—py), where:

i = (P if (irev)/e < (vprd)/e (1)
(Pir—pjry+t)/2¢, otherwise. (2)

From (1) and (2) it is clear that when py<
v/R, then n, is defined as in (1), since by setting
r,= (v+t)/p, firm a can attract all depositors.
Maximizing a's profits when n, is given by (I)

aare mbagto,
TFS Wuali.

r+, = (p,R+v)/2p, and n,*= ((p, R—v)/2t,
when p,R < 2t+v
re, = (t+v)/p, and n,*= |, otherwise

lll- Next, let both p, and p, exceed v/R. If
both firms maximize the profit function and
market shares are defined by (1), they set rates
equal to:

r, = (PaR+v)/2p,

rb = (PR+V)12p,

As a result, n*= (p;R—v)/2t

Notice than n,+ny<| when (p,+py)R< 2(t+v).

Hence, when (p,+py) < 2(t+v)/R, the equili-
brium rates and market shares are as in (jii).

If both firms maximize profits when market
shares are defined by (2), from the first order
conditions the unique solutis is:

R—r= t/pt R (p—p,)/3p;, which implies n;=1/2
+(prp)R/6t, i=ab.

It can be easily checked that these rates are

global best responses. Thus they define an equi-
librium when:

a) O<ni<| and n,+n,=1,

b) the marginal consumer derives a non-ne-
gative surplus.

It can be easily checked that a) holds when
P.—Pp<3t/R, and b) when (3t+2v)/R<(p,+py).






Thus, when both conditions hold, firms are di-
rect competitors and the equilibrium is uniquely
defined.

If, on the other hand, 3t/R<p,—p,, the firm a
can attract all depositors. Since firm b has zero
fixed cost it will increase the rate it offers up to
R. If we maximize a's profits as in (2) given that
firm b sets a rate R, we obtain that a's best res-
ponse is ((p,*+py)R—t)/2p,. However, at this rate
n, exceeds |; thus, a's best response is
(pyR+t)/p,. This completes the proof of case (i).

We next consider case (jii) where, 2(t+v)/R
<p,tpp<(2v+3t)/R and v/R<py.

Firms cannot be direct competitors since the
marginal consumer would derive a negative sur-
plus at the candidate equilibrium rates. On the
other hand, if they both maximize the profit
function defined as if they had a local monopoly,
the sum of the market shares which obtains ex-
ceeds |. Thus, at least one of the firms maximi-
zes its profits at the kink of the supply curve for
deposits it faces. YWe next prove that the rates
in (ii) define an equilibrium and that no other
rates do.

First we consider the case where
(Sv+6t-2Rp,)/3<Rp,. Let p,r,=7(v+t/2). Then,
firm b has three options:

i) setting the rate that corresponds to the
kink of the supply of deposits to firm b, given
the rate set by its rival, i.e. the equilibrium can-
didate, rb,,

ii) maximizing its profit function as in (1),

rp! = (pp R+v)/2py,

iii) maximizing its profit function as in (2),
rbl= (Pb R—t)n +(2V+'t)']’f4

It can be easily checked that rye<ry!. Thus,
rp! is not feasible. Likewise, it can be shown
that rp¢ exceeds r.2 whanever y < (4v+3t —
Rppt)2/3(2v+t)=ymax. Thus, we have shown that

ry© is the best reply to the candidate rate set by
firma.

Given that firm b sats rp firm a) has three
options as well:

i) setting the rate which corresponds to the
kind of the supply of deposits to firm a, given
the rate set by its rival, i.e. the candidate to
equilibrium, r,5,

ii) maximizing its profit function as in (I),
ra'=(p,R+v)/2p,,

iii) maximizing its profit function as in (2),
r,2=(p,R-t)/2+(2v+t)(2—)/4.

As before, one can check that when ¥ < Y.,
and (Sv+6t—2Rp.?)/3 < Rp,®, r,! exceeds r,°.
The latter in turn exceeds r,2 when
P, *R+v2)/(2v+t)= Yoin < V. Thus, the rates defi-
ned in the proposition are equilibrium rates.
That other equilibria are not possible follows
from noticing that if v exceeds 7., then r.2
and r,! are feasible, anc i v is less than Yo,






then r,2 is feasible. Furthermore, we have alre-
ady shown that both firms cannot set rates so
as to satisfy the first order conditions.

Let us now consider the case where
Rp,e<(5v+6t—2Rp,)/3. Once again, it can be ea-
sily shown that r,! exceeds r,¢ when (p,+py)R
is larger than 3v+2t Likewise, if v is less than
Y'mx=  (v+Rp,®)/(2v+t) and Rp,<
(5v+6t-2Rp,%))/3, then ry2<r.c. In addition,
when firm b sets the candidate rate, r,°<r,!,
provided y is less than ¥*.,,. Similarly, r,.2<r.c,
provided y exceeds the minimum value stated in
the proposition, and Rp,2<(Sv+6t—2Rp,¢)/3. Ine-
xistence of other equilibria is proven as in the
previous case.

Q.ED.

APPENDIX 1

We explore market equilibria and the impli-
cations of deposit insurance when banks can in-
fluence depositors perceptions. Bank set rates;
depositors, having observed the rates offered,
form rational perceptions about the probability
of failure, or the market share of each bank, and
choose whether to deposit and in which bank.
That is, given (r,ry), depositors expect p; =
I-F(R—r;;n), where n; is the outcome of the ex-
pectations game induced on depositors. Once
deposits are made, banks make their invest-
ments. Returns are realized and interest is paid
if the bank does not fail. We term this game va-
riable perceptions, as opposed to the parame-
tric percepiions case considered in the text.

This expectations game may have multiple
equilibria. In particular, notice that if a positive
probability of success requires a minimum size,
then no banking or one of the banks left with
no clients are always possible: if a depositor be-
lieves that nobody will deposit in one bank, the

best she can do is not to deposit in this bank
either. If she were the only one to deposit, the
expected return would be zero. Proposition é
characterizes the set of depositor's equilibria gi-
ver {r‘,rh).

Proposition 6

Given R>r,2r>0, an expectations subgame
with multiple equilibria is induced on deposi-
tors:

(i) With minimum size investments (0,0) is al-
ways an equilibrium.

(i) With minimum size investments (I,0) is
an equilibrium if p,(r,~R;1)r.—t2v. Similarly for

©,1).

(iii) When interior equilibria (n,,I-n,) exist,
they are characterized by ¢(n,) = pp(ry—R;
I-n,)ry—p.(r,—R;n,)r,+t (2n,—-1) = 0, and
Par—th,=ppr—t(l—n,)2v. (A sufficient condition
for existence is that both (1,0) and (0,1) are
equilibria and that the marginal consumer be
willing to deposit).

(iv) There may be equilibria where not all the
market is served. (n,,0) with n,<ldefines an
equilibrium if p,(r,—R; n)r,—t n, = v. Similarly
for (0,ny). (n,,n) with n,+ny <| is an equilibrium
if both (n,,0) and (0,n) are equilibria.

Proof:

(i) Suppose that all consumers buc one belie-
ve that neither bank is able to attract deposi-
tors; this consumer does not deposit either, be-
cause she would obtain a negative expected
surplus since the bank will fail for sure, (a positi-
ve probability of success can only obtain with a
positive mass of consumers).






(ii) (1,0) is an equilibrium if and only if
P.(rsR; I)r, 2 v+t; if all depositors are with
bank a, then a single customer never deposits in
bank b; all depositors are willing to deposit in
bank a if they obtain a positive expzcted sur-
plus: p,(r,—R; )r, 2 v+t

(iii) If interior equilibria exist, market shares
are determined by the modified Hotelling sup-
plies (that is, ¢(n,) = 0) and the marginal depo-
sitor has to obtain an expected return larger
than v. If both (1,0) and (0,1) are equilibria then
9(0) 2 v and ¢(l) < —v. Interior equilibria exist
provided that the individual rationality condition
of the marginal consumer is satisfied.

(iv) It should be clear.
Q.ED.

The fact that a no banking equilibrium is al-
ways possible induces a very large multiplicity of
equilibria: any rates which give banks non-negati-
ve profits can be supported as a subgame-per-
fect equilibrium with the depositors threat of
reversion to the nonbanking (depositors) equili-
brium. Obviously, it may be argued that the
complete set of subgame-perfect equilibria is
rather unreasonable because not all equilibria
are renegotiation-proof. Indeed, one might ex-
pect that when posted rates diverge from ex-
pected rates (i.e. the candidate equilibrium ra-
tes), depositors may try to coordinate at
equilibria better than the no-banking equili-
brium. In other words, we should focus on re-
negotiation-proof equilibria (30). The deposi-
tors equilibria can not in general be Pareto
ranked (31) due to the transport cost of depo-
sitors, nevertheless they can be surplus ranked.
Consumers may thus coordinate on the surplus

maximal equilibria provided side payments are
feasible.

Proposition 7 characterizes (i) the set of sub-
game-perfact squilibria, and (ii) the interior
symmetric equilibrium under regular deposit se-
lection (we say that the selection is regular at
(r,r) if market shares depend smoothly on the
rates, that is, if n/(r,r,) is differentiable at this
point). The latter can be also be understood as
the surplus maximal equilibrium when t is im-
portant enough and diversification economies
are not very large so that for given (not very
different) rates depositors tend to patronize the
two banks with similar market shares.

Proposition 7

(i) Any pair of deposit rates (r,r,) such that
R>r, i=a,b, can be sustained as a subgame-per-
fect equilibrium.

(i) If there is a symmetric equilibrium (invol-
ving a regular depositor selection), it is charac-
terized by: R—re= (re (dp;e/dn;)-t)/(f°re — pe),
where f* is the density of R-R evaluated at
reR, and n=1/2.

Proof;

(i) Any pair of deposit rates (r,",r,") associa-
ted to nonnegative expected profits can be sus-
tained with the depositors threat of reversion
to the (n,,ny) = (0,0) equilibrium in case (r,ry)
do not equal (r,",r,).

(i) Suppose that an interior symmetric equili-
brium exists such n, that is differentiable with
(ng 1-n,) satisfying (2n—I)t — p,(r,—R; nYr,
+py(ry—R; 1-n,)r, = 0. Expected profit maximi-
zation of bank a yields a FOC:

3 Yanelle (1991) considers a similar but enlarged extensive form finds a multiplicity of equilibria, and explores several selection criteria in-

cluding pavoff-dominant and risk-dominant equilibria.

31 Obyviously, sonietimes equilibria can be ranked. For example, if p,(r,—Ril)r,—t 2 py(ry—Ri 1) 2 v, wnen (1,0) dominatas (C,1).
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dEn,/or,= (R-r,) on,/or,—n,=0
In equilibrium we neccesarily have

r,—R; n) r—p,
an,/or,= - R ) P >0
B B
on, * on, °

An interior symmetric equilibrium is charac-
terized then by:

" |9 R: 12) + 9P R: 12
i || s ; — . — t
2 [t R i

R—r=

f(—R; 1/2) r—p(rR; 1/2)

Q.ED.

If we take as a benchmark the interior sym-
metric equilibrium (under regularity conditions)
with depositors coordinating at surplus maximal
equilibria (in the depositors game for given ra-
tes offered by banks) we find that R—re=
(9p;e/an))/(pe—fere), where f¢ is the density of
R—R evaluated at reR, and n=1/2, In equili-
brium, with not too large diversification econo-
mies, necessarily pe—fere>0.(32)

The equilibrium margin can be rewritten as

r(ftp(dpfon)) t
Rr=————F——+—
p (1) P
a form appropiate to compare with the “pa-
rametric” margin R—r* = t/p".

The comparisons of margins between parame-
tric and variable depositors' perceptions is in

general ambiguous. When expectations are pa-
rametric, an increase in the deposit rate of a
bank increases its market share leaving the failu-
re perceptions constant. When banks can in-
flucnce oxpectations, an increase in the deposit
rate of a bank, in addition, tends to increase its
own perception (probability) of failure for a gi-
ven market share and, in the presence of diver-
sification economies, the failure perception
(probability) of the rival firm via the decrease in
the rivals' market share. The first effect makes
banks more cautious and the second more ag-
gressive. In the absence of diversification eco-
nomies therefore the variable perceptions equi-
librium margin is higher than the parametric
perceptions margin (just note that dp/on;=0
and p—fr>0 in the expression above). In general,
with variable perceptions equilibrium stronger
diversification economies push margins down
via the second effect described. In fact, in the
uniform example, it is possible to show that if
diversification economies are large (. smaller
than B/3), the margin is lower with variable per-
ceptions than with parametric perceptions, and
if they are zmall (o larger than B/3), the opposi-
te result obtains.

Finally, with variable perceptions, in the ab-
sence of scale economies the depositors expec-
tations game is degenerate in the sense that for
given rates there is a unique depositors' equili-
brium (given by the modified Hotelling demads).
This turns out to imply that (interior) asymme-
tric equilibria (of the whole game) can not exist.
The reason is that at an asymmetric equilibrium
either firm could mimic its rival and obtain a
market share of |/2; thus, either one firm or
the other would increase profits by setting the
same deposit rate as its rival (33).

32 This means that a bank by increasing its deposit rate increases the expectad return to depositors.

33 With thanks to Paul Klemperer for this observation and the proof. The argument is as follows: an interior equilibrium requires that
¥, 2%/, otheriz2 a will ofer x, and will get a market share of 1/2. Similarly, nyx,>x,/2 This imslies that n,>1/4n,. We havs than that
I=n,+n, 2 n+1/4n,2 | From which it follows that n,=1/2 since n+1/4n, is minimized at n,=17L
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Thus, relative to parametric perceptions, va-
riable perceptions enhance the multiplicity of
equilibria, have an ambigous impact on competi-
tion depending on the extent of diversification
economies, and eccnicmiss of scale betome the
unique source of multiple equilibria.

Deposit insurance yields the same trade-offs
in terms of welfare as with parametric percep-
tions. The only difference with respect to the
case where banks cannot influence depositors'
perceptions is in the market expansion and
competition effects. When banks deposits is
ambigous: through the threat of reversion to
the (0,0) equilibrium consumers can enforce an
interior symmetric equilibrium, while DI may
yield local monopolies and thus lower equili-
brium rates. Further, when depositors coordi-
nate at surplus maximal equilibria and a symme-
tric interior equilibrium obtains then if

diversification economies are not very impor-
tant the margin tends to be larger than in the
parametric case and therefore DI would decre-
ase margins and increase the probability of failu-
r2. The following remak summarizes the impact
of DI on competition with variable perceptions.

Remark: Whenever with and without deposit
insurance banks compete directly, deposit insu-
rance makes banks more aggressive and induces
higher failures rates than unregulated competi-
tion if diversification economies are large. The
resukt follows inmediately from the comparison
of margin in the different cases given the inver-
se relationship of margin and probability of failu-
re for a given market share (equal to 1/2 here).
Under the assumptions of the proposition the
“variable” margin is no smaller than the “para-
metric” margin, which in turn is larger than the
“deposit insurance” margin.
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