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Costly Information Production Equilibria
in the Bank Credit Market with
Applications to Credit Rationing

Anjan V. Thakor and Richard Callaway*

I. Introduction

In this paper, we explore the nature of equilibria in an asymmetrically in-
formed bank credit market in which credit applicants know their own (intrinsic)
default risks, but potential lenders can discover these default risks only by ex-
pending resources to produce information. The resolution of informational
asymmetries in the capital market is, in the contemporary view, considered a
very important function served by financial intermediaries like commercial banks
and, in the opinion of some, even the primary justification for their existence
[17]. We, therefore, focus on how the presence of asymmetric information—in
particular, the response of (expected) profit-maximizing banks to it—affects the
equilibrium prices and quantities of credit offered in the banking system.!

We consider an economy containing a ‘‘lemons’’ credit market [1]. Our
analytical approach resembles the Stiglitz [25] and Viscusi [29] screening para-
digm (which is an alternative to the signaling model developed by Spence [23],
[24] and Ross [20]). However, the analogy is not exact since, unlike their model,
the information production decision rests with the potential lender rather than the
credit applicant. Our formal analysis deals with the commercial credit market,
but extension to consumer credit is easy. There are J industries and N/ firms in
industry j. At time zero, nature reveals its state and the (random) cash needs of
firms become known. Firms then decide whether they need credit, and if they do,
how many banks they should approach. Approaching a greater number of banks
may be beneficial because it could increase the likelihood of getting a ‘‘better’’
price.2 However, the search and applications process also consumes real firm

* Both authors, Indiana University. The authors greatly acknowledge with thanks the helpful
comments of Milton Harris, Stuart Greenbaum, George Kanatas, and two anonymous referees.

! For convenience, we refer to all primary lenders as ‘‘banks,’’ but our usage subsumes other
types of depository financial institutions as well. In the next section, we will introduce a secondary
credit source—the bond market—which is more expensive for firms to access.

2 If a bank rations an applicant, it is equivalent to the bank’s offering an infinite interest rate to
that applicant. Thus, a firm’s search for the best price may also include its attempt to escape ration-
ing, although we prove later that when banks do not have perfect information about each other’s
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resources, and, thus, the firm must balance this cost against the expected price
benefit in choosing the number of banks to approach. After receiving all applica-
tions, each bank knows its own portfolio of potential borrowers and this deter-
mines, for each applicant, the bank’s cost of producing information about that
applicant. This process of determining the cost function of producing informa-
tion is formally portrayed in Section II.

Knowledge of the portfolio of applications received by each bank—and
thus its cost functions for information production—may be disseminated in the
economy either with perfect accuracy or with (perhaps considerable) noise. We
consider both cases and find that the resulting equilibria possess surprising prop-
erties, even when the usual competitivity condition of unrestricted entry into the
banking system is presumed to hold.

In Section III, we address the case in which perfect information about the
applications portfolio of every bank is freely available to all. We prove that a
Nash equilibrium exists and has the following characteristics:

(1) As long as a firm applies to one or more banks, only one bank will offer it
credit, regardless of the number of banks approached.

(2) Every bank will act as a perfectly discriminating monopolist in pricing its
credit, and this (optimal) pricing policy will be unaffected by the number
of banks in the system. Thus, banks could earn long run ‘‘excess*‘ profits
even in the absence of barriers to entry.

(3) Although a firm applying for credit will be denied credit by all but one
bank, there is no net rationing in the sense that every credit applicant’s
needs are accommodated within the banking system as a whole.

In the interest of expositional continuity, proofs of all theorems in this and the
following sections are presented in the Appendix.

The more realistic case in which banks can assign only (nondegenerate) sub-
jective probability distributions over the applications portfolios of other banks is
analyzed in Section IV, and the equilibrium is shown to display the following
properties:

(1) A firm applying to more than one bank may be offered credit by more than
one bank.

(2) If an applicant is offered credit by more than one bank, each bank offering
credit earns a negative expected profit with respect to that applicant.

(3) If a firm applies to only one bank for credit, the bank’s pricing policy is
that of-a perfectly discriminating monopolist, as in the previous case.

(4) It is possible that an applicant will be denied credit by every bank it has
approached, and, thus, there can be net rationing within the banking sys-
tem as a whole. In fact, the probability of an applicant’s being rationed out
of the system is an increasing function of the number of banks from whom
the applicant requests credit.

applications portfolios, an applicant’s strategy of approaching a larger number of banks to increase
the probability of being granted credit is actually counterproductive.
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Two significant points emerge from this analysis. First, we learn that the
economist’s intuition that unfettered entry will inevitably drive monopoly rents
to zero through an appropriate price effect may not be valid in a world of imper-
fect information. Secondly, as we discuss in Section V, our model yields a novel
insight into the credit rationing phenomenon. The type of net rationing that arises
in the case of noisy information dissemination is radically different from the type
of rationing discussed in the extant literature [2]. In our model, banks may ration
credit without even attempting to process an application, in spite of the fact that
all relevant information about the applicant can be acquired. Thus, on a practical
note our analysis provides a clear economic rationale for the commonly encoun-
tered—but often vaguely understood—Ilament by bankers that they simply do
not have the time to process all loan applications the way they should, and, there-
fore, occasionally deny credit to potentially worthwhile applicants. Our conclud-
ing remarks, with suggestions for further extensions, are presented in Section V1.

Il.  Asymmetric Information Production Costs
among Lenders

In this section, we develop a model that explains why different banks may
have different information production costs with respect to the same loan appli-
cant.

Suppose there are M banks in the economy, so that bank m is a member of
the vector, M = {1, ..., M}. Let there be J industries, so that industry j is an
element of the vector, J = {1, ..., J}, and let N/ be the number of firms (poten-
tial credit applicants) in industry j.3 Initially, all banks start with no assets or
liabilities on their balance sheets, and the cash needs of every firm are unknown.

The economy opens (at time zero) with the realization of some random state
of nature, and upon observing this state each firm knows whether it needs credit
or not. Without loss of generality, assume that every firm that needs credit ap-
plies for a $1 loan with a one-period maturity. Thus, if N, is the number of firms
from industry j that apply to bank m for credit, the maximum possible size of that
bank’s loan portfolio is $ X}; N;,,. Define N, = (Ny,, ..., Njy, ..., Nyp,). Since
a firm may apply to more than one bank, if N; (<N/) is the total number of credit
applicants,

(1) ;ij =N Vjel
) ij < Nj Vjeld

Our analysis hinges, in part, on the assumptions listed below.
Assumption 1. The industry to which a credit applicant belongs is costlessly
known to all.

3 We implicitly assume J >> M, although the assumption can be easily relaxed.
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Assumption 2. The default probabilities of credit applicants in industry j are
uniformly distributed over the interval, [ e ) j+] C (0, 1), and this information,
for each j € J, is freely available to all. Further, 8 = 1—¢;, where €; is positive
and arbitrarily close to zero for every j.

Assumption 3. The specific default probability of any particular applicant is
unknown a priori to all potential lenders. However, the correct default probabil-
ity of firm k in industry j can be identified by bank m by investing an amount,
d)]‘(N im)» in information production. Further, ad>j"(N im)/ N < 0.

Assumption 4. After all the applications are received, every bank knows the
identity of the other banks that each of its applicants has approached for credit.
Noiseless information about the exact composition of every other bank’s applica-
tions portfolio may or may not be available to each bank, however.

Assumption 5. The bank credit market effectively opens only once. That is,
once every bank announces the list of applicants it will lend to, no bank can add
to its list, and no bank can engage in additional information production. How-
ever, if more than one bank agrees to lend to a particular applicant, the banks can
compete—on the basis of price—for that applicant’s business.

Assumption 6. When banks bid against each other, the prices bid by the
other banks are unknown to participants in the bidding process. Each bank can
submit at most one bid, and the bidding involves a fixed, known cost of C for
each bank. Each bank, however, has the option of submitting its price bid after
the customer has informed it which other banks have agreed to lend to it.

Assumption 7. Every applicant has access to the bond market for the neces-
sary credit. However, the total cost of flotation and information production in-
curred (and borne by the borrower in equilibrium) for any applicant, d>j" (b),
exceeds the maximum cost of information production for that applicant in the
bank credit market.4

Assumption 8. All borrowers and lenders are risk neutral.

The first two assumptions are similar to Akerlof’s [1] rational expectations
assumption—the average quality is known. Allowing 3} to be arbitrarily close
to one means that we admit the possibility of there being ‘‘real lemons’’ in each
industry. This stipulation is a key assumption in our analysis, because, as later
discussions will clarify, it tends to induce banks to produce information. As-
sumption 3 ensures that the equilibrium need not be degenerate, as Akerlof [1]
suggested it might. The possibility of costly information production has been
explored elsewhere too—for instance, by Stiglitz [25] and Viscusi [29] in the
context of labor market equilibria, and by Campbell and Kracaw [6], [7] in stud-
ying capital market equilibria. The assumption that the information production
cost is declining in N;,, is motivated by economies of scale in the production of
information—the larger the number of applications a bank receives from an in-
dustry, the lower is each applicant’s (per unit) share of the ‘‘fixed’’ cost of infor-
mation generation about that industry. Note that the precise definition of ‘‘indus-
try”’ is irrelevant here; all that we need is a classification of firms into different

4 These costs are expressed in percentage terms, as a fraction of the size of the debt issue. For
simplicity, it is assumed that, unlike the bank credit market, these costs are independent of the pool of
borrowers being currently evaluated in the bond market. Moreover, d)," (b) is known costlessly and
without error to all.
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risk classes, so that the default probabilities of the firms in a given risk class are
systematically related by some common underlying factors.5

The fourth, fifth, sixth, and seventh assumptions have an important bearing
on the prices and quantities of credit offered by banks, as subsequent sections
will highlight. Assumption 6, in particular, needs some explanation. In our
model, it is crucial to keep the bidding process secret, because otherwise, banks
that do not produce information may be able to learn an applicant’s default prob-
ability by simply observing the price quoted by a bank that has produced the
necessary information. Incentives for costly information generation would then
be destroyed. For a similar observation, in the context of informationally effi-
cient securities market, see [10] and [11]. The rationale for permitting each bank
to submit only one bid is also related to this possibility. If an initially uninformed
bank is allowed to bid a possibly unlimited number of times against a bank that
has acquired costly information, the former could deduce the latter’s information
set, even if bidding is done in secrecy, as long as the applicant reveals the iden-
tity of the bank quoting the lowest price at the end of every bid. Assumption 6
precludes such a phenomenon. However, the assumption also gives each bank
the flexibility of deciding on the price it wants to quote after observing how many
banks are interested in pursuing the applicant’s business. Thus, a bank that has
not produced information about an applicant but has included the applicant in its
initial list could ‘‘save’’ itself the cost, C, of participating in the bidding process
for that applicant if it perceives the probability of securing the applicant’s busi-
ness as ‘‘negligible.’’ It can do this by simply refusing to extend credit, because
Assumption 5 rules out only the banks’ adding to their initial Iists, not deleting
from them. The assumption that bidding involves a fixed cost owes its justifica-
tion to the fact that banks invariably must incur expenses on paperwork and labor
in keeping a loan application on the books and in negotiating terms with the
applicant, in addition to whatever expenses may have been incurred in initially
producing information about the applicant. This assumption of a nonzero bidding
cost also plays an important role in our analysis. Finally, the risk neutrality as-
sumption is made for analytical convenience and can be relaxed, at the expense
of increased complexity, without substantially affecting the results.

How does a firm that needs credit decide how many banks it should ap-
proach? In the usual analyses of perfectly competitive equilibria, such a question
is of no relevance because each firm is guaranteed a unique fair price. However,
in our model the number of banks the firm applies to may affect every bank’s
perception of the firm’s demand function and, thus, could affect the prices of-
fered to the firm. Moreover, even ignoring possibly discriminating monopolistic-
type behavior by banks, there may be another reason for a firm to approach nu-
merous banks. Since the matrix of information production cost functions for a
particular bank is a priori unknown, no firm (or bank) knows ex ante which bank
will be able to produce the relevant information about its risk characteristics at
the lowest cost. If banks engage in some variant of cost-plus pricing, a firm can

‘e

5 This type of approach is reminiscent of the
Miller [18].

risk classes’’ assumption of Modigliani and
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increase the probability of receiving a low price by applying to a larger number
of banks.6

An obvious constraint on a firm’s propensity to apply for credit to the entire
universe of banks in the economy is imposed by the real resources consumed in
submitting applications. These resources would, at the very least, include the
man-hours expended in preparing applications per standard bank requirements,
and may also include the costs of paperwork, contact hours, etc. Thus, the opti-
mal subset of banks, *M j" (C M), approached by firm k in industry j, will satisfy

k
*M. e argmin (S; + g
(3) j Mt c M_{ j ( )}
subject to
<k . (ek ok k(ckyask sk

“4) 5 = f min {S7, S ()} dQ; (1M}, 8]
where

3k = default probability of firm k in industry j

14 : N, > (0,1), is a strictly increasing convex function representing

the real resource cost of applying for credit;, N, = {1, 2,...}
is the set of positive integers

S k(b) = interest rate paid by the firm in the bond market
S k
Q Cl.,)

the minimum price offered the firm in the bank credit market’

subjective conditional cumulative distribution function assigned
by the firm to the minimum price in the bank credit market.

In specifying a default probability 8%, we assume that the firm uses the
credit it acquires at time zero to invest in a risky project that results in an end-of-
period (time one) wealth of Z* with probability (1 — 8") and zero wealth with
probability & ¥ for the firm. In the subsequent analysis, it is assumed that

zj > (1 +Sj(b)) Yk, j.

Thus, for bank m

5) N, = 2 1{*Mk}(m)

6 For other analyses of markets in which search behavior on the part of buyers is optimal, see
[21], [15], and [19].

7 The terms *‘firms’’ and ‘‘credit applicants’’ are used somewhat interchangeably, but it should
be noted that while all credit applicants are firms, the actual pool of applicants is generally only a
subset of the universe of firms in the economy.
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+

where

1 ifm e *1_\4_]"

I =
© {*5_4}"}(’") 0 otherwise .

Banks are not assumed to know a priori either the random cash needs of
firms or their subjective distribution functions, Q j"(. .,.). This means that N im isa
random variable for each bank. Consequently, the information production cost
functions for any given applicant generally will not be the same for all banks, and
these cost functions will be unknown ex ante. In the subsequent sections, this
structure forms the basis of our analysis of bank credit market equilibria.

lll.  Credit Market Equilibrium with Perfect Information about
Applications Portfolios

In this section, we assume that after all the credit applications are received
by banks, every bank knows not only its own applications portfolio, but also the
applications portfolio of every other bank in the economy. In addition to the eight
permanent assumptions listed in the previous section, we need the following as-
sumptions.

Assumption 9. All banks face a perfectly elastic supply schedule for de-
posits. That is, any bank can purchase any quantity of deposits instantaneously at
a market determined riskless interest rate, r.8

Assumption 10. The interest rate posted by a bank may act as a screening
device but not as an incentive device.

The assumption that the deposit supply function is perfectly elastic is stan-
dard in models of financial institutions, particularly those dealing with credit ra-
tioning. Of course, in light of the recent emergence of liability management as an
issue of substantial concern for depository financial institutions, this assumption
is apparently unpalatable. However, the introduction of a rising marginal cost of
funds for the bank could result in a trivial ‘‘quantity rationing’’ equilibrium in
which the bank refuses to extend credit simply because its cost of funds, beyond
some point, exceeds the maximum possible price the credit applicant can pay.
Assumption 10 implies that the default probability of any specific credit applicant
is not altered by the price it has to pay for credit. This is in contrast to Stiglitz and
Weiss’s [26] assumption that a bank’s posted price could influence the character-
istics of the investment financed with the funds borrowed from the bank. Also
note that our model’s specification differs from the model appearing in the recent
paper by Stiglitz and Weiss [27] in which the borrower has an effort-supply deci-
sion that can affect returns in the ‘‘good’’ state, and a project-selection decision
that can, in addition, influence the probability of occurrence of the good state.

8 This assumption implies that deposit insurance is complete and the probability of any default
on the part of the FDIC is zero.
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Our exploration of the properties of the equilibrium in this setting proceeds
in two steps. First, we show that it is generally not optimal for any (expected)
profit-maximizing bank to randomly assign default probabilities to its credit ap-
plicants and price its credit without investing in information production. In those
cases in which randomization is preferrable to costly information production,
banks prefer to ration credit rather than to lend without acquiring information.
Then, we prove that in a Nash equilibrium one obtains in this economy, each
bank generally grants credit to only a subset of its credit applicants and acts as a
perfectly discriminating monopolist in pricing its credit. Although the actual
price charged by a bank for credit may differ from the stated interest rate on the
proposed loan, we will use the terms ‘‘price’’ and ‘‘interest rate’’ interchange-
ably henceforth.? First, we define equilibrium.

Definition of Equilibrium. An equilibrium satisfied the following condi-
tions:

(i) Each firm chooses the number of banks it should approach in a manner
that minimizes its expected cost of borrowing.

(i) Each bank maximizes its expected profit in choosing whether or not to
produce information about an applicant. This choice is made after the
bank has noted the number of banks the applicant has approached, and
the applications portfolio of each of those banks, if it is observable.

(iii) If a bank’s strategy of maximizing expected profit entails not producing
information about an applicant, the bank will decide whether or not to bid
for the applicant’s business after observing how many of the banks ap-
proached by the applicants are interested in pursuing its business.

(iv) At the end of the bidding process, each bank will quote a vector of prices
for its applicants so as to maximize its expected profit on each applica-
tion.

Thus, the economy is characterized by four discrete points in time prior to
the actual disbursement of credit. At the first point, firms submit credit applica-
tions to banks; at the second point, each bank decides which of its applicants it
should produce information about; this is followed by the information production
phase preceding the third point at which each bank announces a list of applicants
to whom it will lend, but does not declare prices; finally, after a ‘‘negotiation’’ or
bidding phase, each bank submits to each applicant, at the fourth point, the price
of its credit and applicants in turn determine the banks from whom they will
borrow. Without loss of generality, it will be assumed that the single period de-
scribing the maturity of each loan is substantially longer than the cumulative time
that elapses from the point at which applications are submitted to the point of
actual credit extension. For discounting purposes then, the model is single pe-

9 That is, we assume that the interest rates we deal with are real prices rather than nominal rates.
For bank loans, a divergence between the loan interest rate and the effective price of the loan is often
caused either by items unrelated to the loan being subsumed in the interest rate, or by a part of the
price being reflected in parameters other than the interest rate. For instance, on the one hand, the
interest rate may include some portion of the fee charged by the bank for making forward commit-
ments to the borrower, and, on the other hand, the bank could reduce the interest rate by requmng the
borrower to keep a compensating balance.
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i
riod, with time zero denoting the date on which the applicant borrows and time
one denoting the contractually agreed upon repayment date.

Recall that Assumption 7 implies that ¢ }(b) exceeds the minimum cost of

information production in the bank credit market. Let us now make that assump-
tion more precise by specifying

) of ) = (1-87) (£(1)) + L)) + &f(1,,) + L

where L? and L} are positive constants for any fixed j, {( lf ) is the search and
applications cost incurred by the applicant in applying to one bank, and & *(1,,)
is the cost of information production for the applicant, namely firm & in industry

With these preliminaries, we can explore the incentives of banks to produce
information about applicants, when information about the applications portfolios
of other banks is costlessly available.

Theorem 1. When perfect information about applications portfolios is freely
available,

(i) a bank will prefer to produce information about an applicant rather than
‘‘randomize,’’ if it is the only bank the applicant has approached or if it
believes that no other bank will agree to extend the applicant credit; and

(ii) a bank will prefer to ration credit rather than produce costly information or
‘‘randomize’’ and offer credit to an applicant if it believes (with probabil-
ity one) that another bank will extend the applicant credit.

Essentially, the theorem says that a bank, if it wishes to extend credit, will
have a preference for generating costly information rather than announcing a uni-
form nondiscriminating price for all applicants from a given industry. As in Ak-
erlof’s model [1], the posting of an imperfect information-based common price
induces an adverse selection mechanism that forces out applicants of superior
quality (low default probability). Recognizing this, the bank offering such a price
responds by making the price high enough to provide it with a risk-adjusted re-
turn that is adequate even if only borrowers with the maximum possible default
probability accept credit. (See equation (A-10) in the Appendix in which *D }is
very large because & is close to 1. Crossmultiplying, it can be seen that
>"Dj"(l — ;") is the bank’s expected payoff on a borrower with default probabil-
ity 6;*). This means that in spite of the sorting effect of prices, a bank following a
‘‘randomization’’ strategy can earn a positive expected profit as long as cross-
sectionally the maximum default probability is below one and no other bank pur-
sues the applicant’s business. But, in this case, the bank can earn a higher ex-
pected profit by investing in information acquisition. A pivotal assumption lead-
ing to this result is that 8" is arbitrarily close to one. The reasoning behind this is
transparent—the lower the maximum default probability in the population of
credit applicants, the better is the quality of those who accept credit at the nondis-
criminating price, and, consequently, the higher is the bank’s expected profit
from ‘‘randomizing’’ relative to the expected profit from costly information pro-
duction. In the case in which there is at least one other bank interested in extend-
ing the applicant credit, the gains from randomization diminish as the cost of
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bidding, C, rises. Again, with sufficiently high 8} and C, the randomization
alternative is rendered unprofitable.

To examine the properties of credit market equilibrium in this setting, we
need a few more preliminaries.

For bank m, define
W E{j|ij>0,j edlcd

-—m

and

O ={ilieliN, >N, VheMhtmcCW,

Recall thatN m > N, implies d) (Njm) < 4)] (N h)Vk LetV, (C W,) be the
set of 1ndustr1es about which bank m produces 1nformat10n and letTr"= {k|me
*M ]"} be the set of firms within industry j from which bank m recelves applica-
tions. Thus, if £ is the counting measure, then §(I/") = N,,. Define U (cIm
as the set of firms within industry j about which bank m produces 1nformat10n
Suppose we allow bank m to offer credit only to firms within industry j that are
members of U/" and to concern 1tse1f with only those industries that belong to
.10 Define S (m) = {S"(m)|k e UJ"; jeV,,} as the set of interest rates posted
by bank m for firm k from 1ndustry Js "and o, =UmYV,,S(m)) as the informa-
tion production and pricing strategies for bank m. The space = (w,, ..., 0,
., w,,) then describes the strategic behavior of the entire banking system.
(Throughout, stars (*) will be used to denote optimal (profit-maximizing)
values.) Assume W, and V,, are nonempty for at least some m € M. Further, for
every m € M, assume that the set {jljeJ; N = Ny, he M, h# m}isempty.!!
With (Q*\w ) = (of, ..., 0f 4, u),;,“ﬂ, ..., @), the notation
[H"(m)I(Q*\w )] will be used to denote bank m’s expected profit conditional
upon the rest of the banks in the credit market adopting their optimal strategies.
Thus, bank m solves the following maximization program

=k
Maximi I (m| (Q*\ o,
®) e 122 kezu}"[ ol )

m m
ICT

S

S(my e RS

10 If bank m is the only bank that will ultimately offer these applicants credit, and if for all other
applicants there will be at least one other bank in the picture, then Theorem 1 validates this supposi-
tion. This line of reasonmg will be formalized in Theorem 2.

11 This assumption is not crucial to the analysis, but its relaxation makes the analytrcs unneces-
sarily complex. In the subsequent discussion—notably in the proof of Theorem 2—we ignore the
possibility of two banks having exactly the same number of applicants from one industry. Conceptu-
ally, dealing with this possibility is not difficult, but it considerably lengthens the formal exposition
and calls for some rather ad hoc assumptions regarding ‘tie breaking’’ rules.
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L
—

where

) ﬁj"(m) E{(1-84(1 + $5m)| 85} — (R + &Fm)

E{.} = expectation operator

R ., = [0, ), the feasible set of reals in which the interest rate
offered to any firm can take values
B(m) = £(S(m)
0
RO™ = X R.o»), R.o) =R, Vy
ved{l,...,0(m}

and ¢ j"(m) is as it was defined in the proof of Theorem 1.

The solution to the above maximization program and the nature of the re-
sulting equilibrium are the subjects of the next theorem.

Theorem 2. When perfect information about all applications portfolios is
costlessly available to all, a Nash equilibrium exists in which

(i) every applicant receives an offer of credit from only one bank, irrespec-
tive of how many banks it applies to

(ii) some banks earn positive expected profits and some banks may earn zero
profits

(iii) firm k in industry j pays a rate of interest 1 + Sj"(b) =Lk — e;, where
e;(€(0, L}))) is an arbitrarily small positive scalar.

To understand the economic intuition behind this theorem, note that a Nash
equilibrium is being discussed. Thus, the question asked is whether it is optimal
for a bank to follow some prescribed strategy, if all other banks adopt the same
strategy. Now every bank knows that when two or more banks pursue an appli-
cant’s business, all the competing banks suffer a loss, regardless of which bank
actually wins the bid. Consequently, every bank confronted with direct competi-
tion for an applicant’s business will want to avoid that applicant. But when this
happens, the applicant is left with no creditors, and the first bank to reenter the
competition can earn positive profits. It is natural to think of this entrant as the
bank with the lowest cost for the applicant, because it has the least to lose (the
loss being the sum of the information production cost and the bidding cost) in
case some other bank also decides to follow suit. However, once the least cost
bank is committed to offering the applicant credit, it is suboptimal for any other
bank to reenter the picture, since doing so would yield a negative expected profit.
Of course, ex ante rationality on the part of banks obviates the need for such a
sequence of events; all banks will anticipate these events and the equilibrium
sketched in the theorem will result.

Corollary. When perfect information about applications portfolios is freely
available ex post, every firm applies to only one bank.

Proof. Since the rate offered by a bank does not depend on that bank’s infor-
mation production cost function, which specific bank offers the firm credit is
irrelevant from the firm’s point of view. Since {(.) is increasing in its argument,
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the only reason for the firm to approach more than one bank would be to mini-
mize the probability of being rationed. But, by Theorem 2 the firm can avoid
being rationed even if it applies to only one bank.
The mechanism described in the proof of Theorem 2 does look somewhat
complex, but is fairly intuitive, as the following simple illustration shows.
Illustration. Suppose there are three banks I, II, and III, and two industries,

A and B. Let there be five credit applicants, a,, . . . , ds, from industry A and
six applicants, b, . . . , bs, from industry B. Let the applications portfolios of
the three banks be given by the following table.
Industry

Bank A B

I ay b1, by, bg

I a,, ag, as b,, bg

If a, 8 by, bs, by, bs

In this case, the equilibrium loan portfolios of banks I, II, and III will be (a,),
(ay, as, as; by, be), and (ay; by, b, by, bs), respectively.

Discussion of Equilibrium. An interesting property of the equilibrium is that
it maximizes the expected profits of the banking system as a whole. Thus, al-
though banks are assumed not to collude, as long as they have perfect informa-
tion about each other’s applications portfolios they behave as if they were collud-
ing, and, in equilibrium, information is produced only by those banks with the
greatest comparative advantage. Consequently, the equilibrium is Pareto optimal
in the (restricted) sense that the total resources expended in resolving the infor-
mational asymmetry problem are minimized.

A second property of some note is that the entire pool of credit applicants is
““covered’’ by the banking system. That is, no applicant is compelled to access
the bond market. Thus, while there could be rationing in the ‘‘small”’—the de-
nial of credit to the applicant by some but not all of the banks approached—there
is no rationing in the ‘‘large.”’ But, given that no firm will apply to more than
one bank, in equilibrium there is rationing neither in the ‘‘small’’ nor in the
“‘large.”” This highlights another efficiency property of the equilibrium, namely
that the total resources consumed by firms in the search and applications process
are also minimized.

Note that the equilibrium characterized in Theorem 2 implies that if some
entrepreneurs were to observe the excess profits earned by some banks and enter
the system to share in those gains, they would not benefit from disturbing the
implicitly enforced *‘allocation mechanism’” that determines which banks should
produce information about and lend to which applicants. Thus, all new entrants
will find it optimal to *‘conform,’” and free entry will fail to drive expected prof-
its of the banking industry as a whole to zero. To sharpen the intuition behind this
argument, recall that the model implies that each firm will choose on a purely
random basis the bank it should apply to and will ignore any spatial distribution
considerations. A new entering bank will, therefore, be unable to ascertain pre-
cisely ex ante whether it will earn a zero profit (§(*U™) = 0 VjeVi)ora
positive expected profit (§(*U/") >0 for some j € V,*) in equilibrium. The ratio
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of the number of banks that earn positive expected profits to the number of banks
that earn zero profits will, of course, depend on the size of the banking system
relative to the size of the pool of potential credit applicants. As a result, new
banks will keep entering the system and the size of the banking sector will keep
growing until it is so large relative to the expected credit demands of borrowers
that the cost of establishing a new bank is exactly equal to the present value of the
expected marginal expected profit for a new entrant.!2 But, even after the bank-
ing system attains its maximum potential size, the total industry expected profits
will be positive in equilibrium. Clearly, each individual bank’s slice of the pie
will generally diminish as the banking system is augmented in size, simply be-
cause there will be a larger number of banks earning zero profits. However, in
equilibrium every bank that does offer credit earns a positive expected profit re-
gardless of how many banks there are in the system.

It is easy to see that in the absence of information asymmetries we would get
the classical result that a long run competitive equilibrium involves zero expected
profits for all banks. Thus, the real culprit responsible for sustaining the feasibil-
ity of noncompetitive pricing in this model is the fact that the lender’s optimal
response to the informational asymmetry is to generate the required information
at a cost. As mentioned before, in such a setting, if more than one bank produces
information about an applicant, no bank bidding for the applicant’s business is
able to recoup its cost of information production. Consequently, it is optimal for
banks to devise an implicit allocation rule to avoid this problem. It turns out that
an allocation rule that works is the one described in Theorem 2—only one bank
produces information about and offers credit to a particular applicant. And, when
that happens, the bank ends up in a monopoly situation with respect to that appli-
cant. This discussion also points out that the ‘‘excess profits’’ equilibrium de-
scribed here is unlikely to occur in the usual ‘‘goods’ industries such as grocery
stores or hardware shops. Sellers in these industries do not care who their cus-
tomers are, and, thus, producing costly information about them is ruled out.
What is unique about a bank is that the identity of the borrower is all-important.
This induces banks to expend resources in discovering these identities, and has
the effect of creating natural incentives for restricting competition (to keep a
‘‘reasonable’’ bound on information generation costs).

These observations should be viewed as complementing recent develop-
ments in the economics of information, particularly the papers included in [28].
The basic theme of these papers is that the conventional (full information equilib-
rium) notion of markets clearing at a single price with all individuals and firms
viewing themselves as price takers is questionable if the imperfections of infor-
mation are seriously addressd. More specifically, however, it is perhaps more
instructive to compare our model with those of Stiglitz [25] and Viscusi [29]. In
proposing a theory of screening, Stiglitz [25] considers groups of individuals
indexed by different levels of ability and demonstrates the existence of multiple
equilibria, as well as the possibility of nonexistence of equilibria when the indi-
viduals themselves have the choice of revealing their a priori unknown abilities
to prospective employers at a cost. In Viscusi’s [29] model, it is the firm that has

12 Note that this argument holds even if the cost of establishing a new bank is zero.
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something to reveal to its prospective employees, namely the hazard involved in
the job. Properties of the market unraveling process are explored under the as-
sumption that the revelation (certification) is costly for the firm. In both models,
therefore, the option of costly information production rests with the entity whose
characteristic is unknown to the rest of the market. This is where our approach is
different. In our model, it is the bank, rather than the credit applicant, that de-
cides whether information about the applicant’s default probability should be
generated at a cost. The fact that our equilibrium has some unusual properties is
largely predicated upon this crucial distinction. For instance, if credit applicants
could have the necessary information produced on their own, perhaps through an
independent accreditation agency, many of the problems we allude to could
probably be avoided. However, a serious problem with outside accreditation is
the credibility of the information-producing agency itself, particularly in view of
the transfer payments that could take place between the agency and the credit
applicants. 13

Thus far, the cost of negotiations for a bank during the bidding phase has
played an important role in the analysis. The implications of letting this cost be
zero are explored in the following theorem.

Theorem 3. If C = 0, multiple (Nash) equilibria are feasible. One of these
equilibria is the one described in Theorem 2. The other is one in which every
bank

(i) produces costly information about and extends credit to those applicants for
which it represents the only bank approached for credit, and

(ii)extends credit without producing information to all of its applicants who
have approached at least one other bank.

This theorem highlights the significance of assuming a positive C. With C
= 0, if every firm applies to more than one bank, no bank in the economy may
produce costly information. Consequently, a single price, based on a knowledge
of only the cross-sectional distribution of default probabilities, will be announced
by every bank, and by adverse selection ‘‘superior quality’’ firms will exit the
banking sector and access the bond market.

An obviously restrictive (and somewhat unrealistic) assumption employed
in this section is that perfect information about applications portfolios is freely
available to all banks. We, therefore, relax this assumption in the next section.

IV. Credit Market Equilibrium with Noisy Information about
Applications Portfolios

Assume that after all applications are received, although each bank knows
its own portfolio of applications as well as the identity of other banks each of its
applicants has approached, it has only noisy information about the portfolios of
those banks.

13 The fact that banks do invest substantial resources in credit evaluation should be viewed as an
optimal response to their inability to obtain all relevant information from centralized information
production agencies.
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Suppose bank m is faced with an application from firm k in industry j. As-
sume that this firm has also applied to numerous other banks, and bank m knows
the identities of these banks but does not precisely know the composition of their
applications portfolios. Let *M j" be the set of banks this applicant has ap-
proached, and define

Aj’.‘ = [*A_/Ijl.‘\m] = {nlh € *A_/I]'.‘, hm}.
In this setting, bank m can assign only (subjective) probabilities over the events
that the other banks from whom the applicant has requested credit will indeed
extend credit. Let v, represent bank m’s assessment of the probability that bank
h will offer this applicant credit, and define

'f]hEl—T]h.

Clearly, the equilibrium sketched in Theorem 2 will not be attainable here.
Our final theorem analyzes the properties of equilibrium under noisy information
about applications portfolios.

Theorem 4. In the absence of noiseless dissemination of information about
the applications portfolios of banks,

(1) a credit applicant increases the probability of being rationed out of the
entire banking system by applying to a larger number of banks,

(ii) the smaller the number of banks to whom a firm applies, the higher is the
probability that at least one of those banks will produce information about
it and offer credit, and

(iii) ex post, some banks may earn positive expected profits, some negative
expected profits, and some zero profits.

Discussion of Equilibrium. Since equilibrium in our model is defined as a situa-
tion in which each bank has chosen its strategies so as to maximize its expected
profit, it may appear paradoxical that some banks could earn negative expected
profits. For reconciliation, note that equilibrium is defined in an ex ante sense
with every bank taking expectations with respect to two random outcomes.

The first random outcome is the number of banks that eventually elect to bid
for the applicant’s business, and the second is the amount of repayment actually
made by the borrower when the loan matures, conditional on loan disbursement
occurring in the first place. The above theorem says that ex post, the realization
of the first random event for some bank may be such that the expenses incurred
by it in information production and bidding exceed the expected profits on lend-
ing at the contractually agreed upon prices that emerge at the end of the bidding
process.

A significant implication of the theorem is that uncertainty about applica-
tions portfolios has a potentially substantive impact on the nature of equilibrium.
No longer do we have the efficiency result that information will be produced only
by those banks that have the greatest comparative advantage. This departure re-
sults because, obviously, no bank knows with certainty how its information pro-
duction cost functions compare with those of other banks.
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Another noteworthy point is that now there can be rationing in the ‘‘large’’
in the sense that an applicant may be denied credit by every bank it approaches.
The reason that a firm may apply to numerous banks in spite of the fact that
applying increases the probability of getting rationed as well as the cost of apply-
ing, is that applying also improves the firm’s chances of getting a ‘‘bargain’’
price. For instance, by Theorem 4, if the applicant is fortuitously offered credit
by more than one information-producing bank, the applicant must pay only a rate
of interest equal to R(1 — &%) —1, and, therefore, need not bear even the cost of
information production, ¢ #(.). This result means that search behavior on the part
of firms truly may be optimal.!4 Consequently, the total resources consumed by
firms in the search and applications process are not necessarily minimized.

It is difficult to say anything definitive about the total expected profits of the
banking system in this model. All that can be asserted is that in equilibrium not
every bank generally can be guaranteed a zero expected profit, even if the bank-
ing system were to grow large in the usual competitive sense. Of course, as men-
tioned before, some banks may even earn negative expected profits. With no
initial capital, this will lead to bankruptcy for the bank, and in our model the
FDIC will settle all claims against the bank. This makes it clear that the FDIC’s
liability is greater in this regime than in the previous one. In other words, if the
deposit insurance premium is unaffected, the FDIC bears a part of the cost cre-
ated by the externality of noisy applications portfolio information. Note, how-
ever, that credit applicants could be better off with noisy information, and, thus,
there could be conflicts of interest between the FDIC and the credit applicants. In
fact, if the FDIC’s share of the cost is ultimately passed on to the taxpayers, one
effect of the noisy portfolio information is the creation of a transfer payment
from the general public to the credit applicants. !5

Given the lost efficiency induced by a lack of perfect information about ap-
plications portfolios, an important question is whether banks have an incentive to
eliminate this loss by voluntarily exchanging information about each other’s
portfolios, contingent perhaps on some unanimously accepted side-payments
structure that allows the least-cost bank to lend and share its profits with the
others. The answer is no, except under rather special circumstances. The reason
is that for such an arrangement to be feasible for any applicant, every bank ap-
proached by the applicant should agree to participate. This will be difficult to
achieve, because a bank that has a positive profit expectation without sharing
information will refuse to participate, unless it can be guaranteed a higher com-
pensation with information sharing. A substantial reward for information sharing
will be possible if the customer has approached just a few banks (so that there are
fewer banks dividing the ‘‘excess’’ profits). In that case, however, each bank’s
expectation of profit without sharing information is also high (see equation ( A-
23) in the proof of Theorem 4 in the Appendix). Thus, in the absence of ad hoc

14 How many banks a firm actually applies to will presumably depend, in part, on the spread
between R(1 —3F) ~'and 1 + S¥(b) — {(1X) —e,.

15 A similar argument has been made for the loan guarantees provided by the federal govern-
ment to the Chrysler Corporation. Since at best Chrysler bears only a portion of the cost of these
stock-option type guarantees (the cost borne by Chrysler being the restrictions imposed on it in ex-
change for the guarantees), there is a transfer payment from the taxpayers to Chrysler.
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restrictions, ensuring the existence of private incentives for portfolio information
sharing in the general case does not seem within reach.

In the next section, we relate the preceding discussion to the existing litera-
ture on credit rationing.

V. Applications to Credit Rationing

A rich menu of papers deals with credit rationing by financial institutions. In
the earlier literature, it was argued that non-price rationing is completely incon-
sistent with profit-maximizing bank behavior [22]. This result led to the emer-
gence of models designed to demonstrate the rationality—from a profit-maxim-
izing standpoint—of credit rationing by banks. Examples of such efforts are the
papers by Fried and Howitt [9], Jaffee [12], Jaffee and Modigliani [13], Jaffee
and Russell [14], Koskela [16], and most recently, Stiglitz and Weiss [26].

Although these papers invoke different scenarios to justify the existence of
credit rationing as a profit-maximizing strategy on the part of lenders, all the
papers deal with rationing equilibria in which lenders first assess credit applicants
on the basis of all relevant and feasible criteria and then decide to refuse credit to
some, irrespective of the price they offer to pay for the credit. For instance, Jaf-
fee and Modigliani make the ‘‘complete information’’ assumption that the lender
knows the probability distribution of the wealth to be generated by the credit
applicant’s investment. They then show that if there are two groups of credit
applicants with access to identical investments, credit may be denied to the appli-
cants with the lower demand elasticity, unless the lender can act as a perfectly
discriminating monopolist. However, since the absence of monopolisic pricing
behavior must be exogenously imposed as an assumption on the model to justify
rationing, rather than being derived endogenously within a broader framework,
the insights provided by their analysis are somewhat limited. At the other ex-
treme, in two excellent papers, Jaffee and Russell [14] and Stiglitz and Weiss
[26] consider an imperfect information world in which lenders know that credit
applicants with heterogeneous default characteristics exist, but are unable to
identify or control a specific applicant’s characteristics. Thus, imperfections in
information, and particularly the inability of lenders to rectify these imperfec-
tions, play an important role in engendering rationing.

The informational structure we employ is intermediate between the above
two extremes. Like Jaffee and Russell [14] and Stiglitz and Weiss [26], we as-
sume that information about the characteristics of credit applicants is imperfect,
but we also permit lenders to have the option of removing this imperfection at a
cost. In turn, this altered specification gives rise to the possibility of a type of
rationing that is routinely practiced by numerous lenders, but has been excluded
in the existing discussions of credit rationing. Lenders—particularly depository
financial institutions—often do not thoroughly investigate all the credit applica-
tions they receive. Rather, they adopt a seemingly ad hoc screening procedure to
sort out a priori unacceptable applications and then proceed to evaluate the re-
maining applications. Thus, two types of rationing may occur. A subset of the
pool of applicants may be denied credit without ever being seriously considered
and, subsequently, some of the remaining applicants—who are throroughly in-
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vestigated if possible—may be denied credit because the lender determines that
the extension of credit to them is unprofitable at any price.!¢ The extant credit
rationing literature has focused on the latter type of rationing, whereas we have
analyzed the rationale for the former type of rationing.

VI. Concluding Remarks

The importance of imperfections in information in explaining the existence
of financial intermediaries has received growing support over the last few years.
Some examples are the papers by Bhattacharya [5], Diamond [8], and Leland
and Pyle [17]. To the best of our knowledge, however, the model developed in
this paper represents the first attempt at exploring the implications of informa-
tional asymmetries for the nature of equilibria in the credit markets, although the
Stiglitz-Viscusi screening paradigm has been applied in a capital market context
by Campbell and Kracaw [6], [7].

The reader may question the somewhat stylized setting we have employed.
While some assumptions may be eliminated without risking analytical intracta-
bility, most of the economic structure of the model is necessitated by the need to
simplify a highly complex problem without losing its essence. The issues we
have attempted to deal with are not easily amenable to simple modeling, particu-
larly because of the difficult game-theoretic considerations involved. The major-
ity of our seemingly abstract assumptions are, therefore, designed to ensure that
the essential features of the problem are not obscured in a maze of tangential
details.

A promising extension of our analysis would be to make it multiperiod. As a
conjecture, at least some of the serious problems we have alluded to could be
avoided if a bank and a firm established an implicit contract with a built-in inter-
temporal penalty/reward structure that assured the bank that it would be able to
recoup its investments in information production, and assured the firm a competi-
tive price. Such a model could provide an endogenous justification for the simul-
taneous existence of spot and forward bank credit markets, and could also facili-
tate an understanding of the pricing of loan commitments under imperfect (or
costly) information.

16 Of course, in our model only the first type of rationing can occur. A more complete analysis
would allow both types of rationing to exist. More valuable insights may perhaps be gleaned from
such an attempt.
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Appendix

Proof of Theorem 1. Define 11 "(m) as the expected proﬁt earned by bank m
by lending to firm k from mdustry J- For notational convenience let d) (m) be the
shorthand way of writing <1> (Njn), and let S/ k (m) be the rate of mterest charged
by bank m to firm k from mdustry J.

Consider a bank D. We consider three possible cases:

(1) Bank D assumes that at least one other bank produces the necessary infor-
mation to discover the probability of default & j" and agrees to lend to this
applicant.

(2) Bank D assumes that no other bank will offer this applicant credit.

(3) Bank D assumes that if some other bank offers this applicant credit, it will
do so without producing information about & ]-".

Case 1. Suppose bank D decides not to produce information and knows that
bank A will produce the necessary information and then offer the applicant
credit. Let §; k (D) be the rate of interest chosen by bank D and S; k(A) the rate of
interest offered by bank A. Bank D’s expected profit can then be expressed as

P (applicant borrows from bank D) [1 — )\][ + Sj (D)]}

=k
- II. D) =
(A-1) A — (1 + r) P(applicant borrows from bank D) —

where
P = probability measure
and
A

applicant’s expected default probability, conditional on the applicant
borrowing from bank D.

Note that since there is more than one bank bidding for the applicant’s business,
each bank must bear the cost of participating in the bidding process, C. Rewrit-
ing (A-1) we get

[P(1+ S;‘(D) <1+ S;‘(A))] [1_>\][1 + S;‘(D)]}

(A-2) TI;‘(D) - k k
— A+ P(L+SD) < 1+5@)-

Now, once bank A observes another bank bidding for the applicant’s busi-
ness, it will treat its own information production cost, ¢ j" (A), as a sunk cost, and
it will not be reflected in its rate of interest. Thus,

(A-3) 1+ s}."(A) =1+ r)(l—S;‘)_l

where the tilde indicates a random variable. DefineR = 1+rand 1 + Sj"(D) =
D j" . It can then be verified that

A4 P( > 1-R(D})') = [R D (1-8])] [P} (8] -8 )]"'

249



and
(A-5) 1-\ = [D]’.‘(l-ajf) + R| [21)}’.‘]‘
Thus, substituting (A-4) and (A-5) in (A-2) we get
[Rz—(D’.‘(l-af) 2] [2D’f(8.*_af)]‘1 }
~ e nfr-D(1-57)] ey -] -cf

From bank D’s perspective the optimal rate of interest, *D is obtained by set-
ting 61'["(D)/6D" =0.Itis

(A-7) *Dj’f = R(l_ajf)—l .

a6 D) = {

Substituting (A-7) in (A-6) gives us bank D’s maximum expected profitas — C.
If bank D decides to produce information, by (A-3) its optimal interest rate
will be (1+r(1-— 81") -1, and its resulting expected profit will be
- d) (m) — C, regardless of whether it secures the applicants business or not.
Case 2. If bank D is the only bank offermg credit to the applicant, and
decides to randomize, its expected profit is given by

o) {[P(Dj’.‘ <1+ Sjk(b))][l—)\] D;‘ }
J

(A-8

) —(1+7 P(Dj’.‘ <1+ sf(b))
where
(A-9) 1+ Sjk(b) = [R+ ¢ (b)] [1- j"]“

Repeating the analysis done previously, we get the optimal interest rate
Kk [p2 4 k27172 +1-1
(A-10) *D; = [R - &, (b)] [1—5j] .
With this rate, bank D’s expected profit is
+ 2k 21172) (st s—\—1
(A-11) (I—Sj)(R - [R —d)j.(b)] )(aj -aj) > 0.

Let us now compute bank D’s expected profit if it produces information.
Since there is no other bank in the picture, bank D can charge a rate as high as

L+ 5B - (1) — e,

(R + ¢j"(b)) (1 —aj")"—g(l’.‘) s

J J’

1 + S = Dj’.‘
(A-12)

Note that to be assured of getting the applicant’s business, bank D could charge a
rate as highas 1+ § j"(b) —e;. However, if ¢; is extremely small, the applicant

250



would be better off directly accessing the bond market without expending any
resources in searching and applying in the banking system. Thus, in the long run
firms will opt to issue bonds rather than apply for bank loans, unless the rate
charged within the banking system is such that each firm finds it cheaper to take a
bank loan under the assumption that it applies to only one bank. Note that the
applications received by bank m from industry j constitute a random sample from
the sample of 1ndustry j firms. Thus, the actual average default probability of the
bank’s industry j applicants will be a random variable, 82, with E(37) = 8

(3 /" +8;7)/2. Using this fact, the minimum profit bank 'D can expect to make
prior to producmg information, is

Aa-13) T} = o) - of (1) - (¢(1f) + ) (1-5) -

Comparing (A-11) and (A-13), we see that bank D will prefer to produce
information rather than ‘‘randomize’’ in this case if

(1-3) (§(1’.‘) + L))+ L - (g(l’.‘) +e)(1-3)

> (1-5) (R~ [F a0 ) 57 -5)

J

(A-14)

This inequality will hold because 8 is arbitrarily close to one.

Case 3. When there is another bank offering the applicant credit without
producing information, and bank D itself does not produce information, suppose
bank D perceives the probability of securing the applicant’s business as g.

Then, its expected profit is
Tk 2 K2 +\2 k +
s D = q{Z - D (1—8}. ) — 2R [z - Dj(l—é‘)j )]}

{2D(8 a)} -C

where Z=R + d>j" (b). From the first-order condition aﬁjk (D)/ aDj" =0, we
get the optimal interest rate

(A-16) Dj’.‘* = [R*- -9, NORREN 5}.*)“,

and with this the bank’s expected profit is
A1) q(1-8) (R - [RP-/®)’]'?) (8 -8,)"" - C.

i
Again, with 1 — § j+ confined to an arbitrarily small (positive) neighborhood of
zero, this expression will be negative, indicating that bank D would prefer not to
bid for the applicant’s business.
Now, if bank D decides to produce information, its expected profit will be
(with the expectation taken prior to the information production decision)

ﬁ;‘(p) = P[R(1-8)7" < R(1-87)7"] (1-8/) [R(1-8))7"]

—RP[R(l-aj")“ < R(l—8j+)_1] - C- 4)]."(0) :
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recalling that R(1 — 8;) ~!is the optimal rate of interest for a bank that random-
izes when it knows there is another information-producing bank extending credit
to the applicant, and R(1 — 8}) ~!is the optimal rate for an information-produc-
ing bank when it faces competition. Thus,

ﬁjk(D) = - kD) - C.

Proof of Theorem 2. To examine the properties of the solution to (8), we
first specify (2*\w,,). Consider the following structure for this strategy space.

Pick an arbitrary bank, m + 1. Identify the sets W,,,, and V2 ;. Assume
that the bank will produce information about and offer credit to all its applicants
from industries that belong to V3, |, assuming for the moment that £(V2, ) >
0. Define Vi, =W, \V9, | = {jljeW,,,j¢ V3, }, and fix some j e
V) ... We are assuming that £V}, ) > 0;otherwise, V¥, | = W, and *Um
= I/". For this industry j, tabulate the sets T} V h € M, and calulate &I Vhe
M. Choose the bank &, such that g(_T]ho) > g(_Tjh) V heM,h# hy Then, for
each remaining bank (other than 4,) compute

= {Hh e ol e .

and find a bank #, such that §(z’j"l) > §(fj”) VheM,h# hy h+#h,. Continue
in this manner until a set *T/"+! = {klh e MY k¢ Tho, k ¢ Ik, .. .}is
found such that

g(*z;"“) > g(*zj’.’) VheMhsh,heth,. .. hztm+l.

The last inequality should be viewed as an equality with zero if "‘Tjerl is the null
set. Finally, let V2, = {jI€(*T/"*!) >0V je V), } and assume that bank
m + 1 will produce information about every industry je V9, , U V2, |, and offer
credit to those firms in industry j which belong to *U i 1 where

m+ 1 . 0 . m+1\ _
(A-18) *U™*! L Viely, §(Ij ) = Nim
-18) =j - spm+1 v i V2 . E*Tm+1 <N
=j JE Yo ( =j ) = Yjm -

So we assume a strategy space ({2*\w ), where element m + 1 of the space
is oty = (Vo *Umt, S¥(m+ 1), with Vi = VO, UV2,,, *Um+!
given by (A-18) and S*(m + 1) = {*Sk(m + l)lke_Tj’"”,jeﬂ’m}
where
) 1+S].k(b)—§(ljl.‘)—ej ifk e *g]’."“,j e V.,
*Sj (m+1) =

e otherwise .

Let w, be bank m’s best reply strategy, given ((*\w,,). Note that bank m
will produce information about and offer credit to all of its applicants who, given
(2*\w,,), will be denied credit by every other bank in the economy if bank im’s
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expected return from lending to these applicants exceeds the cost. It is obvious
that if the sets V¥ (= VUV 2) and *U/" (defined implicitly in (A-18) by replac-
ing m + 1 by m) have positive counting measure, those credit applicants who are
members of *U, j € V%, will be denied credit by every bank except m. Thus,
bank m faces no competitive threat from within the banking system with respect
to these applicants. If it charges an applicant from this group a rate of interest of
1+ Sk(b) — (1% — e, its expected profit (for that applicant) will be

ij(m) = (1+ 85 - (1) - ¢)(1-8)) — (R + ok om).

[d);((ljm) - d)jk(m)] + L} l c(1;'() [81{(_81‘_]

+LJ(‘)(1_81 ) - ej(l—sjk)
> 0.

It remains to be shown that bank m will not want to offer credit to any of its
applicants who are not members of *U, j € V *. This conclusion follows from
Theorem 1 which tells us that if bank m produces information or randomizes and
then enters into a bidding process with some other bank (which, by our assump-
tions regarding (2*\w,,), will offer credit to the applicant), expected profit for
bank m will be negative.

Finally, note that the procedure described above ensures that every credit
applicant, as long as it applies to at least one bank, will be offered credit within
the banking system. Moreover, the only banks that earn zero profits are those for
which§(*U") = 0V jeV k.

Proof of Theorem 3. The fact that the equilibrium characterized in Theorem
2 is feasible even with C = 0 is self-evident from an examination of the proof. In
Theorem 1 it was proved that if an applicant requests credit from only one bank,
that bank’s welfare is maximized by producing information about that applicant
and extending it credit. This establishes claim (i). To see why claim (ii) holds,
recall from Theorem 1 that when other banks extend an applicant credit without
producing information, a given bank’s expected profit from randomizing (with C
= 0) and offering the applicant credit is

+ 2k 271172\ (s s—
q(1-8]) (R = [ =&/ ®7]'°) (87 -3;) > 0,
where ¢ is the bank’s perceived (subjective) probability of securing the appli-
cant’s business. The bank’s expected profit from producing information in this
case is

- ¢j"(.) < 0.

Thus, if a bank assumes that the other banks from which the applicant has
requested credit will agree to lend without producing information, the bank’s
own best reply strategy is to lend without producing information rather than ra-
tion credit or acquire costly information and offer credit.
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Proof of Theorem 4. We must consider three cases:
(1) Bank m produces information about firm & and offers it credit.

(2) Bank m randomizes and offers credit to firm k. If other banks offer credit
to the applicant, they produce information and do so.

(3) Bank m randomizes and offers credit to firm k. Other banks that partici-
pate in bidding also randomize.

Case 1. If bank m agrees to produce information about firm £ and lend to it,
the bank’s expected profit will be

T m) = {[E{(l = 87) (1457 () | 87)} = (R + & 0m)) = €] PO}

(A-19) ; . <
! + [E{(1-8) (145! () | 8)} = (R + &} (m)] P,
where

S}k(m ) = minimum possible rate bank m can offer the applicant,

S j" (m

max) = maximum feasible rate bank m can offer the applicant,

P, = probability that at least one bank, other than m,will extend credit
to the applicant,
Pl = 1 - Po.

As we argued previously, when there is another bank bidding for the applicant’s
business, bank m will be willing to offer a rate as low as

(A-20) 1+Sjk(m ) = R(I—Sjk)_'

min

and when there is no other bank in the picture, bank m will charge a rate as high
as

1+Sjk(mmax) =1+ sj?‘(b) - g(lj’.‘) e,

(R + d)jk(b)) (1-8}.")“ - :;(1’.‘) —e. .

J J

(A-21)

Substituting (A-20) and (A-21) in (A-19) gives us
—k k T k k
(A-22) T (m) = pl{q)j ) — (I—Sj) (C(lj) + ej)} — &/ (m) — P,C..
Making the appropriate substitution for P, we can now get the following neces-

sary condition for bank m to produce the relevant information and extend credit
to this applicant

ajem < f [T, [ {6/® - (1-8) (2(1) + )}

he AF
J

-{1- I c-

k
heAj

(A-23)
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It is obvious that the quantity inside the curly brackets in the first term is positive.
The above inequality tells us that as the credit applicant approaches a larger num-
ber of banks (and &(A j") increases), it becomes progressively more difficult to
satisfy (A-23) and, therefore, increasingly unlikely that bank m will extend credit
to the applicant. Clearly, this reasoning is valid for every other bank this appli-
cant has approached. Consequently, the probability of the applicant being ra-
tioned by every bank rises with the number of banks it applies to. (Note that
beyond some point, (A-23) may be violated for every m*eM . k. The credit appli-
cant, however, does not know each bank’s ,, and, therefore in determmmg the
set *M kit will have to assign its own subjective probabilities as proxies for the
y's.)

Case 2. If bank m randomizes and other banks produce information, bank
m’s expected profit will be

—k + 1/2 -\—-1

Aa-24) T = P, (1-8]) (R - (R =&/ ®)}"?) (3] =8) 7" = P,C.
A necessary condition for the bank to desire participation in the bidding process
in this case is that the above expression be positive. That is,
Aa-25) P (1-8) (R - {R* =&/ ®)"}'?) (3] -8, )" > P,C.
With & j+ close to one, this inequality will be violated. Note, however, that the
greater the number of banks the firm applies to, the smaller will be P, and the
higher will be P, and the easier it will be to violate (A-25). Thus, we reach the
same conclusion as in Case 1—a firm increases the probability of getting ra-
tioned by requesting credit from a larger number of banks.

Case 3. If all banks randomize, bank m’s expected profit will be

&30 Tom = p[a (1-57) (& - (€ -of 0%} ) (o -5) ' = ]

(A-27) + P [(1-8].*) (R - {R ¢ ) }“2) (3, —a.‘)"] .

J

A necessary condition for bank m to bid for the applicant’s business is
[P + P] (1-8]) (R - {RP—of®)’}'"?) (3 -8) " > P,C.

Again, as in the previous cases, a violation of this inequality will occur with &;
close to one, if the firm applies to numerous banks for credit. The reason is that
in this case, a high P, will make the right-hand side large, whereas a high 8
will depress the left-hand side.

To examine bank m’s incentive to produce information in preference to ran-
domizing and offering credit, we compare (A-23) with (A-24) and (A-26). The
former comparison yields the condition

(A-28) P, [¢Jf‘(b) - (1-3) (g(l}’.‘) +e)
~ (1-8) (R - {R2—¢}‘(b)2}”2) (8}.* —8.‘)“] > ¢;‘(m) ,

J
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and the latter comparison gives us

A-29) P [6/®) - (1-5) (¢(1f) + ¢)]
[+ P [0-) (R~ ) 58] > et

Thus, a high P, (fewer banks applied to) coupled with a high d;" ensures that
banks prefer to generate costly information. If P, is low, banks will prefer to
randomize. However, our earlier analysis shows that in this case banks choose
rationing credit over bidding without information acquisition. Therefore, as the
applicant approaches a smaller number of banks, each bank has a stronger incen-
tive to produce information and extend credit to it.

The above arguments establish claims (i) and (ii). As for claim (iii), note
that ex post it is possible that every applicant to which a bank extends credit may
also be offered credit by some other bank. In this case, the bank’s expected profit
will obviously be negative. By the same token, expected profits for some banks
may be positive (if a sufficiently large proportion of the applicants to whom they
offer credit are denied credit by all other banks), and for some zero.
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