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Abstract
Private information about prospective borrowers produced by a bank can affect

rival lenders due to a "winner’s curse" effect. Strategic interaction between banks
with respect to the intensity of costly information production results in endoge-
nous credit cycles, periodic "credit crunches." Empirical tests are constructed
based on parameterizing public information about relative bank performance that
is at the root of banks’ beliefs about rival banks’ behavior. Consistent with the
theory, we find that the relative performance of rival banks has predictive power
for subsequent lending in the credit card market, where we can identify the main
competitors. At the macroeconomic level, we show that the relative bank perfor-
mance of commercial and industrial loans is an autonomous source of macroeco-
nomic fluctuations. We also find that the relative bank performance is a priced
risk factor for both banks and nonfinancial firms. The factor-coefficients for non-

financial firms are decreasing with size.
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1 Introduction

In this paper we show that periodic credit crunches, swings between high and low credit alloca-
tions, are an inherent part of banking due to the way banks compete for borrowers. The amount
of information that banks produce about potential borrowers, and the amount of credit banks
are willing to extend, varies through time due to strategic interaction between competing banks.
Credit cycles can occur without any change in the macroeconomic environment. We investigate this
amplification mechanism and provide empirical evidence that bank credit cycles are an important
autonomous part of business cycle dynamics. Extensive empirical tests of the model are presented,
based on parameterizing the public information that is the basis for banks’ beliefs about rivals’
strategies. These information measures concern rival banks’ relative performance, encapsulated in
a Performance Difference Index (PDI). The empirical behavior of U.S. bank credit card lending,
commercial and industrial lending, and bank profitability, are consistent with the model. Bank
credit cycles are a systematic risk. We find that, consistent with this, the PDI is a priced factor
in an asset pricing model of bank stock returns. Most importantly, the PDI is a priced factor for
non-financial firms as well, and increasingly so as firm size declines.

Changes in bank credit allocation, sometimes called "credit crunches," appear to be an impor-
tant part of macroeconomic dynamics. Bank lending is procyclical.! Rather than change the price
of loans, the interest rate, banks sometimes ration credit.”? A dramatic example in the U.S. is
the period shortly after the Basel Accord was agreed in 1988, during which time the share of U.S.
total bank assets composed of commercial and industrial loans fell from about 22.5 percent in 1989
to less than 16 percent in 1994. At the same time, the share of assets invested in government
securities increased from just over 15 percent to almost 25 percent.®> More generally, it has been
noted that banks vary their lending standards or credit standards.

Bank “lending standards” or “credit standards” are the criteria by which banks determine and
rank loan applicants’ risks of loss due to default, and according to which a bank then makes its
lending decisions. While not observable, there is a variety of evidence showing that while lend-

ing rates are sticky, banks do, in fact, change their lending standards.* The most direct evidence

'See Lown, Morgan and Rohatgi (2000), Jordan, Peek, and Rosengren (2002), and Lown and Morgan (2002).
’Bank loan rates are sticky. Berger and Udell (1992) regress loan rate premiums against open market rates

and control variables and find evidence of “stickiness.” (Also, see Berger and Udell (1992) for references to the
prior literature.) With respect to credit card rates, in particular, Ausubel (1991) has also argued that they are

“exceptionally sticky relative to the cost of funds” (p. 50).
#See Keeton (1994) and Furfine (2001). This episode is the focus of the empirical literature on credit crunches.

See Bernanke and Lown (1991), Hall (1993), Berger and Udell (1994), Haubrich and Wachtel (1993), Hancock and
Wilcox (1994), Brinkman and Horvitz (1995), Peek and Rosengren (1995), and Beatty and Gron (2001). Gorton and
Winton (2002) provide a brief survey of the credit crunch literature.

*In the absence of detailed information about banks’ internal workings, it is not exactly clear what is meant
by the term "lending standards." It can refer to all the elements that go into making a credit decision, including
credit scoring models, the lending culture, the number of loan officers and their seniortiy and experience, the banks’

heirarchy of decision-making, and so on.



comes from the Federal Reserve System’s Senior Loan Officer Opinion Survey on Bank Lending
Practices.” Banks are asked whether their "credit standards" for approving loans (excluding merger
and acquisition-related loans) have “tightened considerably, tightened somewhat, remained basi-
cally unchanged, eased somewhat, or eased considerably.” Lown and Morgan (2001) examine this
survey evidence and note that, except for 1982, every recession was preceded by a sharp spike in the
percentage of banks reporting a tightening of lending standards. Other evidence that bank lending
standards change is econometric. Asea and Blomberg (1998) examined a large panel data set of
bank loan terms over the period 1977 to 1993 and “demonstrate that banks change their lending
standards - from tightness-to laxity-systematically over the cycle” (p. 89), and they conclude that
cycles in bank lending standards are important in explaining aggregate economic activity.

In a macroeconomic context changes in the Fed Lending Standards Index (the percentage of
respondents reporting tightening) Granger-causes changes in output, loans, and the federal funds
rate, but the macroeconomic variables are not successful in explaining variation in the lending
standards index. The Lending Standards Index is exogenous with respect to the other variables
in the Vector Autoregression system. See Lown and Morgan (2001, 2002) and Lown, Morgan
and Rohatgi (2000).% The analysis in this paper is aimed at explaining the forces that cause
lending standards to change and, in particular, to explaining how this can happen independently
of macroeconomic variables.

When competing with each other to lend, banks produce information about potential borrowers
in an environment where they do not know how much information is being produced by rival bank

7 We study a model of bank competition in which banks collude to set high loan rates

lenders.
(hence loan rates are sticky), and they implicitly agree not to (over-) invest in costly information
production about prospective borrowers.® A bank can strategically produce more information than

its rivals and then select the better borrowers, leaving unknowing rivals with adversely selected loan

®The survey is conducted quarterly and covers major banks from all parts of the U.S., accounting for between 60
and 70 percent of commercial and industrial loans in the U.S. The Federal Reserve System’s “Senior Loan Officer
Opinion Survey on Bank Lending Practices” was initiated in 1964, but results were only made public starting in 1967.
Between 1984:1 and 1990:1 the question concerning lending standards was dropped. See Schreft and Owens (1991).

Current survey results are available at <http://www.federalreserve.gov/boarddocs/SnLoanSurvey/>.
®They also find that changes in bank lending standards matter much more for the volume of bank loans and

aggregate output than do commercial loan rates, consistent with the finding that loan rates do not move as much as

would be dictated by market rates.
"Broecker (1990) observed that the information asymmetry also affects the banks themselves and means that

banks compete with each other in a special way. In Broecker’s (1990) model, banks use noisy, independent, credit
worthiness tests to assess the riskiness of potential borrowers. Because the tests are imperfect, banks may mistakenly
grant credit to high-risk borrowers who they would otherwise reject. As the number of banks increases, the likelihood
that an applicant will pass the test of at least one bank rises. Banks face an inherent winner’s curse problem in this

setting. In Broecker’s model banks do not behave strategically in a dynamic way.
8Strategic interaction between banks seems natural because banking is highly concentrated. Entry into banking

is restricted by governments. In developed economies the share of the largest five banks in total bank deposits ranges
from a high of 81.7% in Holland to a low of 26.3% in the United States. See the Group of Ten (2001). In less

developed economies, bank concentration is typically much higher (see Beck, Demirguc-Kunt, and Levine (2003)).



portfolios. Unlike standard models of imperfect competition, following Green and Porter (1984),
there are no price wars among banks since banks do not change their loan rates. However, as in
Green and Porter (1984), intertemporal incentives to maintain the collusive arrangement requires
periods of "punishment." Here these correspond to credit crunches. In a credit crunch all banks
increase their costly information production intensity, that is, they raise their "lending standards,"
and stop making loans to some borrowers who previously received loans. These swings in credit
availability are caused by banks’ changing beliefs, based on public information about rivals, about
the viability of the collusive arrangement.

Empirically testing models of repeated strategic interaction of firms has focused on price wars.
See Reiss and Wolak (2003) and Bresnahan (1989) for surveys of the literature. However, our model
predicts there are "information production wars." Since information production is unobservable,
we can not follow the usual empirical strategy. We propose a new method for testing the model,
which we believe to be of independent interest. Our approach tests a general implication of any
equilibrium of the model with imperfect competition by identifying the relevant public information
and its relation with "information production wars"—credit crunches. In theory, to detect deviations
by rivals, banks must look at two sources of public information: the number of loans made in a
period by each rival and the default performance of each rivals’ loan portfolio. We argue that
the relative performance of other banks is the public information relevant for each bank’s decisions
about the choice of the level of information production. More importantly, the use of relative
bank performance empirically distinguishes our theory from a general learning story, which would
predict past bank performance matters for bank credit decisions.

Broadly, the empirical analysis is in three parts. First, we examine a narrow category of loans,
U.S. credit card lending, where there are a small number of banks that appear to dominate the
market.  Since it is not clear which banks are rivals, we first analyze this lending market by
examining banks pairwise. If the PDI increases, banks should reduce their lending and increase
their information production resulting in fewer loan losses in the next quarter. We also examine
bank profitability, using stock returns. Second, we analyze macroeconomic time series, including
the Lending Standard Survey Index. We form an aggregate bank Performance Difference Index
(PDI) based on the absolute value of the differences on all commercial and industrial loans of
the largest 200 banks. If beliefs are, in fact, based on this information, then we should be able
to explain (in the sense of Granger causality) the time series of Fed’s Lending Standard Survey
responses (the percentage of banks reporting "tightening" their standards) in Lown and Morgan
(2001). Thirdly, if credit crunches are endogenous, and a systematic risk, then they should be a
priced factor in an asset pricing model of stock returns. Therefore, our final test is to ask whether
the parameterization of banks’ relevant histories is a priced risk factor in a four factor Fama-French
asset pricing setting. We look at banks and nonfinancial firms by size, as credit crunches have
larger effects on smaller firms. We find all the evidence to be consistent with the theory.

Other relevant work includes Rajan (1994). He argues that fluctuations in credit availability by



banks are driven by bank managers’ concerns for their reputations (due to bank managers having
short horizons), and that consequently bank managers are influenced by the credit policies of other
banks. Managers’ reputations suffer if they fail to expand credit while other banks are doing so,
implying that expansions lead to significant increases in losses on loans subsequently.’ We test
Rajan’s idea in the empirical section. Two related theoretical models are provided by Dell’ Ariccia
and Marquez (2004) and Ruckes (2003). These papers show a link between lending standards
and information asymmetry among banks, driven by exogenous changes in the macroeconomy.
As distinct from these models, the fluctuation of banks’ lending behavior in our paper is purely
driven by the strategic interactions between banks instead of an exogenously changing economic
environment.

We proceed in Section 2 to describe the stage game for bank lending competition, and we study
the existence of stage Nash equilibrium and the model’s implications for lending standards. The
stage game is a prelude to considering the infinitely repeated game, the subject of Section 3. In

Section 4, we carry out empirical tests. Section 5 concludes the paper.

2 The Lending Market Stage GGame

In this section we set forth the model and analyze the lending market stage game.

Suppose (without loss of generality) that there are two banks in the market competing to lend,
as follows. There are N potential borrowers in the credit market. Each of the potential borrowers
is one of two types, good or bad. Good types’ projects succeed with probability p,, and bad types’
projects succeed with probability py, where p, > p, > 0. Potential borrowers, sometimes also
referred to below as “applicants,” do not know their own type. At the beginning of the period
potential borrowers apply simultaneously to each bank for a loan. There is no application fee. The
probability of an applicant being a bad type is A, which is common knowledge.!’ Each applicant
can accept at most one loan offer, and if a loan is granted, the borrower invests in a one period
project which will yield a return of X < oo if the project succeeds and returns 0 otherwise. A
borrower whose project succeeds will use the return X to repay the loan, i.e., a borrower’s realized
cash flow is verifiable.

Banks are risk-neutral. They can raise funds at some interest rate, assumed to be zero. After
receiving the loan applications, a bank can use a costly technology to produce information about
the applicant’s type. The credit worthiness testing results in determining the type of an applicant,

but there is a per applicant cost of ¢ > 0. Banks can test any proportion of their applicants. Let

9However, as pointed out by Weinberg (1995), the data on the growth rate of total loans and loan charge-offs in
the United States from 1950 to 1992 do not show the pattern of increases in the amount of lending being followed by

increases in loan losses.
10We will hold X fixed throughout the analysis, but this is to clarify the mechanism that is our focus. It is natural

to think of A\ as being time-varying, representing other business cycle shocks outside the model, and we could easily

incorporate this. But it would obscure the cyclical effects that are purely due to bank competition.



n; denote the number of applicants that are tested by bank i. We say that the more applicants
that a bank tests, i.e., using the costly information production technology, the higher are its credit

1 If a bank switches from not using the credit worthiness test to using it, we

or lending standards.
say that the bank has raised its lending or credit standards. We assume that neither bank observes
the other bank’s credit standards, i.e., each bank is unaware of how many applicants the other bank
tests. Results of the tests are the private information of the testing bank.

Since the bank borrowing rate is zero, when a bank charges F' (to be repaid at the end of
the period) for one unit of loan, the bank’s expected return from lending to an applicant will be

AppF 4+ (1 — A)pgF’ — 1 in the case of no credit worthiness testing.
e Assumption 1: p, X > 1, pp X < 1, and App X + (1 — A\)p, X > 1.

Assumption 1 means that there exists some interest rate, X, that allows a bank to earn positive
profits from lending to a good type project ex ante, but there does not exist an interest rate at
which a bank can make positive profits from lending to a bad type project ex ante. (Given the
loan size being normalized to 1, the face value of the loan F' uniquely determines the interest rate,
and later on we refer to F' as the “loan interest rate.”) It is also possible for banks to profit from
lending to both types of applicants without discriminating between the types.

Each bank first chooses some (could be zero, could be all) applicants to test, then, depending
on the test results, decides whether to make a loan offer for each applicant, and if yes, at what
interest rate. We formally define the stage strategy of each bank in Appendix 1.

We assume that banks do not observe each other’s interest rates or the identities of applicants
offered loans. At the end of the period only final loan portfolio sizes and outcomes are publicly
observable. Banks cannot communicate with each other.

Figure 1 shows the timing of moves in the one period game.

2.1 Stage Nash Equilibrium

We now turn to study Nash equilibrium, and the conditions for the existence of Nash equilibrium,
in the lending market stage game. We provide a condition under which the only Nash equilibrium
that exists is one in which neither bank conducts credit worthiness testing and both banks earn
zero profits.

First we will study the Nash equilibrium in which no bank conducts credit worthiness testing.

We have the following results.

Proposition 1 If and only if ¢ > )\;—;\()l(p%m) there exists a symmetric Nash equilibrium in which

no bank conducts credit worthiness testing and both banks earn zero profits.

"magine that banks always produce some minimal amount of information about loan applicants. We ignore
this base amount of information, however, and focus only on the situation where banks choose to produce more
information than this base level. So, we interpret the credit worthiness test as the additional information produced,

beyond the normal information production.



‘ Banks choose to test or not, and then make
Nature decides the loan and interest rate offers, contingent on ‘
types of the firms. test results, if the test was used. Next period starts.
>
Firms apply to Applicants that receive Successful Borrowers with
both banks for loan offers choose to borrowers invest in successful projects
loans. accept or not. their projects. repay loans.

Figure 1: The Timing of the Stage Game

The proof is in Appendix 2.

Proposition 1 says that if the cost of testing each loan applicant is sufficiently high, i.e., ¢ >
’\)Ezl%_—j‘()l(’i%{)z), then the there exists a Nash equilibrium in which no bank conducts credit worthiness
testing and neither bank earns positive profits.

: . A=) (pg—ps)
e Assumption 2: ¢ > N (= Npe
Assumption 2 guarantees the existence of the stage symmetric Nash equilibrium. At the same
time, this assumption implies that the optimal payoffs for the banks are reached when no credit
worthiness testing are conducted (as we will show in a moment).

Now consider the case where both banks test at least some applicants.

Proposition 2 There is no symmetric Nash equilibrium in which both banks test at least some of

the applicants.

The proof is in Appendix 2.'? Intuitively, after the banks test some of the applicants, they will
compete with each other for the good type applicants, which will drive the post-test profit to zero.
However, since there is a test cost, ex-ante the banks’ profits will be negative.

Our conclusion with regard to the stage game in the lending market is that, without mixed
strategies, the only Nash equilibrium that exists is the equilibrium in which neither bank conducts
credit worthiness testing, and both banks earn zero profits.

It is straightforward to characterize the optimal payoffs that the two banks receive in the stage

game. If a bank does not conduct credit worthiness testing on an individual applicant and charges

12Banks could play more general mixed strategies. For example, banks could mix between testing ni applicants

and testing no applicants. We do not delve into these strategies.



F, then the expected payoff from a loan to that individual applicant is:
T =AppF + (1 = N)pgF' — 1,

which is maximized at F' = X. If a bank conducts credit worthiness testing on an individual

applicant and charges F', then the expected payoff from a loan to that individual applicant is:
7= (L= N(pF — 1) —c,

which also is maximized at, say, F' = X. It is easy to check that 7’ < 7 with F' = X under

Assumption 2.

3 Repeated Competition

In the stage game, we have already shown that banks earn zero profits without testing, and the
optimal payoffs for banks are reached when there is no costly credit worthiness test being used.
Setting a (collusive) loan interest rate of F' = X would be the most profitable case for both banks.
In repeated competition banks will try to collude to charge F' = X without conducting credit
worthiness testing. When the banks collude by offering a profitable interest rate to the applicants
without testing, there is an incentive for each bank to undercut the interest rate in order to get more
applicants. In order to generate intertemporal incentives to support the collusion on a high interest
rate, banks need to punish each other to prevent deviation in undercutting interest rates, which
can be monitored by looking at the loan portfolio size of each bank. However, a high interest rate
generates incentives for banks to conduct credit worthiness testing and get higher quality applicants
while manipulating the loan portfolio size. To see this, let us look at the following example.

By undercutting the interest rate offered to an applicant without credit worthiness testing, the

expected payoff from this loan to the bank is:
T =App '+ (1 — N)pg, F' — 1.

Alternatively, the bank can test the applicant, undercut the interest rate if it is a good type, and
undercut the interest rate to another untested applicant if the tested one turns out to be a bad

type (this way the bank always gets one applicant for sure); the expected payoff to the bank is:
= AAppF + (1 = NpgF — 1]+ (1 = N)(pF — 1) —c.
We can show:
T —m=X1-N(ps — ) F —c,

which is increasing with F. Therefore, when F is high enough, banks will have incentive to produce
information while manipulating the loan portfolio size through interest rates.
Formally, we consider sequential equilibria in which banks’ strategies will depend on public

information. In general, banks can base their strategies on all available information, both public



and private. However, if one bank’s strategy only depends on public information, the other bank
can not do better by making its strategy dependent on both public information and its private
information. The class of sequential equilibria (see Kreps and Wilson (1982)) that depends only
on public information is called “Perfect Public Equilibria” (PPE). See Fudenberg, Levine, and
Maskin (1994). The available public information at the end of each period is the number of loans
that each bank made (D;;) and the number of those loans that defaulted (x;;).

We formalize the game in Appendix 1, and we restrict attention to symmetric PPE (SPPE)
(defined below). Aside from seeing how the repeated game works, the main point is the demon-
stration that because banks have two actions that they can use to compete (i.e., changing lending
rates and increasing information production), banks’ beliefs must be based on the history of banks’

portfolio sizes as well as banks’ loan default performances.

3.1 Symmetric Perfect Public Equilibrium

We now examine symmetric PPE (SPPE) in which asymmetric play is allowed after the first period
stage game is played symmetrically.'> We focus on demonstrating that the banks’ continuation
play depends on the history of the number of loans made by each bank and on the number of loan
defaults in each bank’s portfolio. These results then motivate the empirical analysis.

Any perfect public equilibrium payoff for bank i can, as discussed in Appendix 1, be factored into
a first-period stage payoff 7; (depending on the stage strategies of both banks) and a continuation
payoff function u; (depending on the public history). Let s; be the stage strategy for bank 4, an
SPPE is defined as follows:

Definition: A Symmetric Perfect Public Equilibrium (SPPE) is a Perfect Public Equilib-
rium that can be decomposed into the first period stage strategies and continuation value functions

(s1, S2,u1,uz) such that:
51 = 82 and ul(DlaDQaXIaX2) = U2(D2,D1,X2,X1)-

According to the definition, the stage game strategies are the same, but the continuation strate-
gies can differ. In particular, note that the continuation value functions for Bank 1 and Bank 2 are
symmetric in that if we exchange the loan portfolio sizes and loan performances, the continuation
values will also be exchanged. In such an SPPE, the expected payoff for the two banks are the
same, but asymmetric play is allowed after the first period, for asymmetric realizations of loan
portfolio size and loan performance.

At a profitable interest rate, if a bank makes more loans than its rival, then the continuation
value of Bank 1 should be lower, to eliminate the incentive of the banks to deviate by undercutting

interest rates to get more loans. However, when there is credit worthiness testing, it may not

13We can prove that there does not exist any symmetric PPE in a strict sense (i.e., both banks behave the same
way in the stage game and in the continuation game) other than the one in which the stage Nash equilibrium is

played every period. The proof is available on request.



be true that making more loans is always better. A bank can deviate by testing, “raising credit
standards,” resulting in the other bank lending to the bad type applicants rejected by the first
bank. This is the strategic use of the winner’s curse by one bank against its rival. Due to that
possibility, we will show that loan performance (number of defaults in each bank portfolio) will also

affect the continuation value.

Proposition 3 In any SPPE, in which neither bank tests any applicant and both banks make loan
offers to all applicants at the same interest rate F,, if ¢ < AN(1—=X)(pg—pp)Fu, then the continuation

value functions cannot only depend on the number of loans made by each bank.

The proof is in Appendix 2. The proof involves finding a deviating strategy such that the
expected continuation payoffs are the same for both banks while there is a stage gain by conducting
credit worthiness testing. The proposition says that banks’ loan performances (i.e., number of
defaults) matters in an SPPE with banks charging the same interest rate (high enough) to all the
applicants and conducting no credit worthiness testing. With the possibility of credit worthiness
testing, variation in loan portfolio sizes is not enough to detect deviation through credit worthiness
testing. The case with both banks offering loans to only a subset of the applicants without using

the test is covered in the following corollary.

Corollary 1 In any SPPE, in which neither bank tests any applicant and in which each bank
makes loan offers to a subset 2 < N, < N of applicants at the same interest rate F,, if ¢ <
A1 = X)(pg — pv)Fa, then the continuation value functions cannot only depend on the number of

loans made by each bank.
The proof is in Appendix 2. The case with N, = 1 is covered by the next corollary.

Corollary 2 In any SPPE, in which neither bank tests any applicant and in which each bank makes

loan offers to a subset N, < N of applicants at different interest rates, denoted by a vector F, if

¢ < HEN1 = N)(pg — pp) min{F,}, then the continuation value functions cannot only depend on

the number of loans made by each bank.

The proof is in Appendix 2.

The conclusion is that when the banks want to avoid costly credit worthiness testing on the
equilibrium path, then it is not possible for the two banks to collude on a high loan interest rate in
a SPPE without looking at each other’s loan performances. The possibility of deviating by using
credit worthiness testing while manipulating the loan size, and the resulting winner’s curse effect,
makes both banks’ strategies sensitive to each others’ past loan performances, even though there
is an i.i.d. distribution of borrower types over time.

As we have shown, banks’ strategies depend on the public histories of banks’ loan portfolio
performance and size. However, the theory does not provide details on how the public histories are

linked to bank beliefs and strategies. To help understand this issue for later empirical tests, let us



