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We attempt to survey the most important implications of informational asym-
melries in credit markets. First, we review the various explanations of equilib-
rium credit rationing, then we discuss their robustness if collateral and loan
size are used as signals of credit worthiness. Then we show the importance of
the modelling strategy for the conclusions derived about credit market equilibria.
Finally, we discuss the role of different contracts and conclude by suggesting

areas of further research.

1. Introduction

The purpose of this paper is to survey some
of the main implications of asymmetric infor-
mation in credit markets. The necessity of an
explicit consideration of the information
structure in analysing markets became appar-
ent with the development of the »New Infor-
mation Economics» in the 60ies and 70ies. It
turned out that several properties of the
Arrow-Debreu model do not longer hold if the
assumption of perfectly informed agents is
dropped. In particular, asymmetric informa-
tion may have the following consequences for
market equilibria:

* Written version of a lecture delivered by the first
author at the Nordic Workshop on »Asymmnetric Infor-
mation and Financial Markets» in Helsinki, February
1991, We wish to thank J. Kubitschek, Christoph Rosen-
berg, an anonynous referee and the editor for helpful
comments on an earlier draft.

12

a) An equilibrium need not exist.

b) There may exist equilibria with price dis-
persion.

¢) There may exist equilibria with rationing.

d) There may exist Pareto-inefficient equi-
libria.

Considering the special information struc-
ture of credit markets is interesting mainly for
two reasons. First, credit markets play a cru-
cial role in every modern economy, and sec-
ond there are severe information problems
particularly in this market. The first point goes
without saying and will not concern us in this
paper. At the core of the second point is the
timing of the transactions in credit markets.
The borrower gets a loan against a promise
of repayment at later points of time. When
and to what extent he honors his commit-
ments, however, is uncertain from the point
of view of the lender, and may depend on
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various factors, which are quite often under
the control of the debtor, or at least he is
better informed about them than the creditor.
As a consequence, lenders have an incentive
to take measures in order to obtain informa-
tion about borrowers, their credit worthiness,
the riskiness of their income, the actions they
take after signing the contract etc. One impli-
cation concerns the role of the loan rate of in-
terest, which traditionally has been viewed as
the price of the loan. As it turns out, it may
also serve as a screening or incentive device,
and this may prevent market clearing through
adjustment of the interest rate. This possibil-
ity of »equilibrium credit rationing»' moti-
vated much of the recent research in credit
markets with asymmetric information, since
it provided a rationale for this phenomenon
whose importance had been recognized for a
long time by economists of different persua-
sions, and in particular by adherents of the
so called »availability doctrine». The latter
holds that monetary policy can influence the
level of aggregate investment by affecting the
total volume of loans even if investment is
independent of the interest rate.?

As it happens, taking account of the asym-
metric information has improved our under-
standing of the peculiarities of credit markets
far beyond just providing an explanation of
credit rationing: The role of collateral, the
specification of loan contracts or, more fun-
damentally, the very existence of financial in-
termediaries could be explained in a novel
and, in many instances, more plausible way
than had been possible before. In the re-
mainder of this paper we shall give an over-
view over the main developments in this area
without, however, claiming complete cover-
age of all issues.

The paper is organized as follows. In the
next section we set up a simple model which
allows us to present the main approaches to
explaining equilibrium credit rationing. In sec-
tion 3 we generalize the basic model by taking
into account collateral and variable loan size.

! Henceforth, rationing means for some loan appli-
cants to receive no credit at all. Keeton (1979} defines this
as Type Il Rationing, in contrast to Type I Rationing,
where af least some borrowers get a smaller loan than they
desire at the prevailing interest rate.

* Brief surveys of the availability doctrine are found
in Baltensperger and Devinney (1985) or Clemenz (1986,
Introduction).

Section 4 contains a discussion of some prob-
lems of modelling competition between inter-
mediaries, starting with the well known exis-
tence problem posed first by Rothschild and
Stiglitz (1976) for insurance markets. We pro-
ceed by discussing some recently proposed
equilibrinm concepts in game theory and their
bearing on credit markets, and conclude this
section by demonstirating by means of a sim-
ple example the importance of the assumed
mode of competition. In section 5 we illustrate
the role of contracts in lender-borrower rela-
tionships, and section 6 contains some con-
cluding remarks and suggestions for further
research.

2. Credit Rationing Models
2.1 The Basic Credit Market Model

There are three groups of agents, namely
savers, banks and borrowers. The savers of-
fer their deposits as a function of the sure de-
posit rate of interest i to the banks, formally

(1) Ls=L, L’=0.

The borrowers, who are assumed to be risk
neutral, apply for credits lasting one period
and with a fixed loan size normalized to equal
one. These credits are used for an investment
project which, after one period, yields a ran-
dom return x with distribution function F(x)
and density function f(x).

To make things easier we assume that only
two possible outcomes can occur: Either the
project vields a return x> 1 or it yields a re-
turn equal to zero. The first case has proba-
bility g, the second therefore (1 —g), that is
F)=1-q, Fx)=1, f0)=1-g, f(x)=q.

In this special case the borrower’s expected
return is

@ & C By=qx—(1+r)
—(I-g)}{(C+B),

where r denotes the loan rate of interest, C=0
is the collateral and B=0 are borrower’s
bankruptcy costs.

The competitive banks attract savings and
grant loans at the loan rate r. Since they are
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also assumed to be risk neutral, they are max-
imizing their expected profit.

The only costs a bank has to bear are the
payments of the interest rate for deposits. In
the two outcome case described above the ex-
pected gross return of the bank is

@) pln C M=q(+nN+1—-g)(C—M),

where M =0 stands for the costs of monitor-
ing which have to be incurred if the borrower
defaults.

Perfect competition between banks implies
that in equilibrium the expected bank profit
is equal to zero, i.e. p(r, C, MY=1+1.

In what follows we shall discuss various
economic reasons for which ¢ may be a
decreasing function of the loan rate of in-
terest. If g’(r) <0, then the bank-optimal in-
terest rate r* is derived from maximizing (3)
with respect to r.

{4) %é=q+q’(r‘){l +r'—C+M)=0.

At this »bank optimal» interest rate the
negative effect of a marginal increase of » on
the probability of default is exactly equal
to its positive effect on p via increasing pay-
ments from successful borrowers. Obviously,
¢’(r=01implies that p{r, C, M) is always in-
creasing in r. On the other hand if ¢’(r}<0
a bank optimal interest rate may exist which
induces an upper limit for the deposit rate i
banks are able to offer to savers. Now, if this
deposit rate attracts a smaller volume of
deposits than credits demanded, equilibrium
credit rationing occurs,

Our aim is to investigate economically plau-
sible explanations for a positive correlation of
loan rate r and probability of default 1—g,
consistent with the assumption of rational in-
dividual behaviour.

In the following section five versions of ra-
tioning models from the relevant literature are
described. They are all based on the supposi-
tion that the borrower is better informed
about at least one factor influencing the
profitability of a loan contract. So the models
assume that before making the loan contract,
the lender cannot estimate the borrower’s
honesty, his ability, his effort in carrying out
the investment project, or the riskiness of the
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project. The last model deals with informa-
tional problems after the loan contract has
been signed. In this case the lender may not
know the actual returns of the project or
the wealth position of the borrower, who has
an incentive to declare default unless the
lender can provide appropriate incentives for
truthtelling.

2.2 Models in Literature

2.2.1 Honesty

The first approach that gives an explana-
tion for the positive correlation of loan rate
and default probability was suggested by
Jaffee and Russell (1976).

Their model differs from the other models
presented below in two aspects: First, in its
original version it is a consumption loan
model, while in all other models loans are
needed for carrying out investment projects.
And second, nobody has the possibility to pre-
vent the borrower from not paying back his
ioan. His decision depends only on his bank-
ruptey costs, which may reflect either eco-
nomic or moral costs,

In the following the idea underlying the
model of Jaffee and Russell will be presented
in its simplest version. We assume C=M=0
and two types of borrowers, which are differ-
ing only with respect to the size of their
bankruptcy costs, with B,>B,.

The fraction of »honest» borrowers ie.
those with the high costs of default B,, is B,
and a borrower only repays his liability if
1+r<B, i=1,2,

Let us now turn to the bank. It knows f,
but it cannot recognize to which group an in-
dividual customer belongs to.

By considering the expected income of the
bank one has to distinguish different possi-
bilities.

1+r if 1+r=B,
(5) pPW=<B(+n ifB<l+rsh,

0 if By<1+4r,

Equation (5) states that as long as total

repayment is smaller than the bankruptey
costs of the »dishonest» borrower all loans are
repaid. As scon as total repayment is between
the expected bankruptcy costs of the two types
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of borrowers only the honest ones honor their
commiiments. Obviously r:=B,—~1 is the
optimal interest rate for the bank if

(6) B, >pB, respectively B< %,

2

that means if the fraction of honest customers
is sufficiently small.?

2.2.2 Riskiness

Another possible explanation for the con-
nection between loan rate and default proba-
bility was suggested by Stiglitz and Weiss
(1981) and Keeton (1979).

Here as in the remaining models with asym-
metric information ex ante, borrowers are as-
sumed to use the loan for an investment pro-
ject, and to discharge their debt if they are
able to do so.

One can easily show the ideas of their model
as follows. There are two different investment
projects. The more risky one vields a return
X, with success probability g,, the less risky
project yields a return x, with probability 4.
In the case of failure both projects have a
return of zero.

Furthermore, it is assumed that 1>¢,>
g, >0,1<x<x and g, 5,>q.x,.

In the adverse selection version each inves-
tor has only one of the two projects; the frac-
tion of the »safe» projects is denoted as p.

The bank knows B, but is not able to see
which type of project a customer has.

Concerning the expected return of the bank
one has to distinguish the following cases
{again for C=0}):

By, +(1-B)q,1(1+7
if 1+r=x,

g+ fx<l+rsx.

7y p)=

Equation (7) shows that safe projects be-
come unprofitable for borrowers at a lower

3 Imagine the bank would require the foan rate ry: =

B,—1In the case of B<—§L, then only the (few) honest
Z

borrowers will fulfill the credit contract. Hence the bank’s

expected return would be lower as when requiring the
lower interest rate rir=B,~ 1.

interest rate than risky ones. Since for the
lender the safe project yields a higher expected
return than the risky one, a bank-optimal in-
terest r,:=x, — 1 exists if

@®) 5>Q1(x1_xz)
xz(Qz“%),

that is rationing is more probable if the differ-
ence between the returns is low and between
the success probabilities it is large.

In the moral hazard version each investor
has the possibility to choose between the two
projects, without the bank being able to veri-
fy his decision.

The risk neutral investor is indifferent be-
tween the projects at interest rate r* if

9 be-0+Mg=x-0+mMlq,.

For r<r‘= aXa — ghX,
q:—q,

the safe project, whereas with r>r* he de-

cides for the risky one, and 7 is the bank-

optimal loan rate if

—1 the investor takes

(10) g <gy(gx—qx)/ (g —q),

that is if with r=x, —1 the bank’s return is
lower than it is with r*,

2.2.3 Ability

In contrast to the Stiglitz-Weiss modsi,
Clemenz (1986) assumes a positive correlation
between return and success probability.

The idea is that there are different types of
investors: Investors with relatively high abili-
ty and project q,, X, and those with relative-
ly low ability and projects g,, x,. Formally it
is assumed x,>x,>1, 1>¢,>¢,>0.

Moreover, the more qualified investors can
receive a sure income A, if they refrain from
undertaking the project. Therefore they ap-
ply for credits if and only if the loan rate does
not exceed the critical rate r,, which is ob-
tained from

(11} g,0u—(0+n))=4,.

Now the bank again only knows the frac-
tion of better qualified investors B, but can-

15
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not observe the ability of the individual cus-
tomer.
The bank’s expected return then is

Bg+(1-B)g I +n

if 1+r£xZ“"ﬁ

(12) p@)= P

g1+ if xz—fg-%<1+rsxz.
2

Therefore, »* =x2-—%—1 is optimal for the
2

. A A
bank if B>, (%, —x+=2/(¢;—4) 0 —=2),
4, 4>

that is if there are enough investors with high
ability.

2.2.4 Effort

in the moral hazard version of the Clemenz
model there exists only one investment pro-
ject, which in the case of success yields a re-
turn x and in the case of default yields a re-
turn of zero (see also Watson (1984)).

The probability of success ¢, however, de-
pends on the effort e, such that an increase
of e implies an increase of gq. The effort itself
causes costs according to the cost function c(e)
witht ¢’, ¢>’>0.

The borrower, as usual assumed to be risk
neutral, maximizes his expected income

(13) g, e=q(@ix—{I1+n]—-cle

by optimal choice of his effort e. For the first
order condition one gets

(14) %a g & x—{I+N—c’e)=0.

Implicit differentiation leads to

(15) de _ g’(e)

<0.4
dr [x—(14+n]g’"—c*

That implies that the optimal effort ¢* is
decreasing in r.

The bank now maximizes its expected re-
turn through optimal choice of »*, taking into
account the borrower’s behaviour, thus

1 The sign of the term follows from the second order
condition for the above maximization problem.

i6

(16) max p(N=gqg(e)[1+r] with e=e(r

with the first order condition
g e
a7 +r= -3 (=)L
g’ or

Hence the bank-optimal interest rate decreases
with an increasing impact of e on g and of r
on e.

2.2.5. Monitoring Costs

In the models presented so far, asymmet-
ric information always existed ex ante. Wil-
liamson (1986) supposes asymmetric informa-
tion ex post, namely with respect to the
realized return of the investment project.

The model is specified as follows. All bor-
rowers are identical and have the same invest-
ment project with random return x with the
continuous distribution function F{x) and
density function f(x). The density f(x) is com-
mon knowledge, but after the project has been
carried out, only the investor is informed
about the actual realization of x, Now, if a
borrower declares his insolvency, the bank is
forced to verify this statement in order to get
the entire proceeds from the project.’

This, however, entails monitoring costs of
M=>0 to the bank. Since the insolvency is
more probable with a higher loan rate, there
can be a bank-optimal interest rate in this-
case, too. '

These statements can be shown analytical-
ly as follows: The bank maximizes its expected
return through optimal choice of r in consider-
ation of the connection between r and M
through the probability of default, thus

(18) max p(n={0—-FQ+mM{(1+r
L+r

+ fo(x)dx-F(1+r)M.
0

The first term of the r.h.s. denotes the pay-
ment to the bank if x= (1 +#). The remaining
two terms equal the lender’s expected income

$ The option to renounce monitoring and accep! the
lower amount is not optimal because then it would al-
ways be profitable for the borrower to declare insolvency.
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if the borrower defaults, In this case the bank
gets the proceeds of the project,® but it has to
incur the monitoring costs.” The first order
condition is

19 p’@H=0-FA+M~fA+nM=0.
With implicit differentiation one gets

dr _ J(1+1)
dM —f+n-rO0+nM

8

0

that is the bank-optimal loan rate r* is
decreasing in the monitoring costs M.

Four main objections have been raised
against these models which explain credit ra-
tioning endogenously. These are

a) The collateral is assumed to be exogenous.

b) The individual loan size is assumed to be
£XO0genous.

¢) The analysis is restricted to one period.

d) The type of contract between lender and
borrower is exogenous.

In the following sections we discuss these
points in more detail,

3. Collateral

In this section we examine the implications
of endogenous collateral for the possibility of
equilibrium credit rationing.

We concentrate on the model of Stiglitz and
Weiss, presented in detail in section 2.2.2. but
now with endogenous collateral. Furthermore,
following Bester {1984), the borrower is no
longer assumed to be risk neutral, but risk
averse.®

Carrying out the investment project a bor-
rower of type [ with initial wealth W has an
expected utility according to Neumann-Mor-
genstern of

¢ These are the provisions of a »standard debt con-
tract», see section 5 below,

7 For similar ideas see Gale and Hellwig (1985) and
Diamond (1984}

4 Again one gels the sign of the term under consider-
ation from the second order condition.

¥ If risk neutral borrowers are assumed, a similar ar-
gument may hold if B> 0, see Clemenz (1986), p. 103,

P

21y U, O=quW+x—(1+1)
+(1~g)u(W~C).

Thus the slope of the borrower’s indifference

curve in r- C—space is:

dr __ d-qu(W-0)

(22) ac g (W+x—{1+r)

As one can easily see this curve is negative-
ly sloped, concave, and steeper at any point
(r, C) for the riskier project. This is economi-
cally plausible too, because the borrowers with
the less risky project are more willing to pro-
vide a higher collateral for a fixed reduction
of the loan rate.

The slope of the bank’s iso-profit curve is
derived from (3) for M=0

dr 1—g,
23y —=———=
(23) ac a

which implies that the borrower’s iso-utility
curve is steeper than the bank’s iso-profit
curve at any point {r, ).

From figure 1, which shows the described
situation graphically, it is obvious that in the
case of perfect information contracts with
C'= 0 would be optimal for both, the bank and
the borrower, because of their different risk
preference. With C'>0 a Pareto improvement

far

B

t
t
|
E

refers to save projects (type 2)
— — refers to risky projects (type |)
- BaNk’s iso-profit curve for population average

Figure 1.
17
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would be possible, because a risk neutral bank
would require a smaller increase of the interest
rate for a decrease of C than the risk averse
borrower would be willing to pay. Notice that
the borrower’s risk in the case of default is
increasing in C.

Now a contract with credit rationing as
described in section 2 has to lie on the critical
iso-utility curve of the safe project at which
the borrower is indifferent between getting a
loan or being rejected.!?

Bester (1984), however, has shown that
there cannot be a pooling Nash equilibrium!
with endogenous collateral: With a contract
with C>0, like K, in figure 1, a bank could
in addition to K, offer a contract K, which is
between the bank’s and the type 1 borrower’s
indifference curves passing through K, and
therefore preferred by both to K,. Such a
contract is to the left of the original contract
and thus feasible since the wealth constraint
is not binding.

Similar reasoning can be used for a contract
with C'==0, that is the contract K, in figure 1.
In this case a bank can increase its expected
return by offering contract K;, which only
the owner of the safe project would buy. In
fact, contract K, would become unprofitable
and therefore would be withdrawn by the
bank. But K, remains profitable even if all
investors buy it. Thus it is shown that there
can be neither a pooling equilibrium with
C>0 nor one with C=0.

In a separating equilibrium, however, credit
rationing is not possible. A separating equi-
librivm has to satisfy three conditions:

i) zero profits of banks,

if) incentive compatibility, i.e. each borrower
prefers (weakly) the contract designed for
him to all others, and

iif) the usual Nash-condition, i.e. there do not
exist additional profitable contracts.

Such a separating equilibrium is given by
the contracts K, and K, in figure 2.

% Otherwise a bank could incregse its profit by re-
quiring higher interest rates, since the rationed borrower
would accept this. See Bester (1984 a), p. 7, 8, and Be-
sanko and Thakor (1987} for similar ideas.

1t A »Nashy equilibrium in such a market is defined
as a set of contracts such that no further contracts exist
which, if offered additionally, yield a strictly positive
profit. At a pooling equilibrium only one confract is
offered.
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refers to save projects (type 2)
refers to risky projects (type 1)
bank’s iso-profit curve for population average

Figure 2.

In this equilibrium configuration a bank
would never ration the demand for K, be-
cause otherwise these loan applicants would
ask for K,, which results in a lower return
for the bank. Consequently, a bank would
only deny loans at K,.*

These borrowers, however, are indifferent
between carrying out the project or being de-
nied a credit and thus cannot be considered
as rationed. "

Thus it has been shown that in this model
credit rationing cannot be explained en-
dogenously if one drops the assumption of a
fixed collateral.

This result, however, need not hold for
more general versions of the Stiglitz-Weiss
model.??

Before we move on, let us briefly consider
the possibility of credit rationing if the inves-
tor’s effort influences the probability of suc-
cess.

12 If the supply of loanable funds is so small that the
bank could not satisfy the entire demand for K, r would
rise until the demand can be satisfied or the investors with
the risky projects also reach their critical iso-ulifity curve.
But this case cannot be termed rationing, even if some
borrowers do not receive a loan.

B For more details see Clemenzg (1986), ch. 4, and
Stiglitz and Weiss (1986).
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In this case the expected income of a risk
neutral borrower is

(24) g(r. e O)=q@x+C—(1+n)]
~cl{e)+{1~g(e[-C].

One gets the optimal ¢ from the first order
condition:

(25) g’ x+C—-(1+nN}—-c(e)—q’[~C]=0
with

de

@8 dc

3

_ 2q >
g’ [x+C— {1+ A}~ —g”[-C]

0.

This implies that the borrower’s effort is in-
creasing in the amount of collateral. With un-
limited wealth credit rationing no longer ex-
ists, because it is always more profitable for
the bank to require higher coilateral than to
ration credit. Only if the wealth constraint be-
comes binding before the market is cleared we
would still have equilibrium credit rationing.

Before concluding this section we would like
to mention the fact that very similar results
can be obtained if the individual loan size is
determined endogenously. As Bester (1986),
Clemenz {1986, chs. 57}, Milde and Riley
(1988) and others have shown, loan size can
be used as a signal of credit worthiness in simi-
lar fashion as collateral. Whether a larger loan
volume signals a better or a worse project,
however, depends on rather subtle details of
the randomization of the project return. Simi-
larly, problems concerning the existence of
equilibria are analogous to those discussed in
the following two subsections.

4. How to Model Competition
4.1 The R-S Existence Problem

In the previous section it was shown that
the only possible Nash equilibrium in the
Stiglitz-Weiss model with endogenous col-
lateral and risk averse borrowers is character-
ized by the screening contracts K, and K, (see
figure 2).

Now, as Rothschild and Stiglitz (1976) have
demonstrated for an insurance market, a Nash
equilibrium may fail {0 exist because of asym-
metric information, and this is also true in the
present model of a credit market. To see this
possibility consult again figure 2.

The pair of separating contracts {K,, K]
cannot be an equilibrium if a contract like K,
exists, which would be bought by both types
of borrowers and yields a positive profit for
the bank. Graphically, K, would have to be
above the banks zero-profit line for the popu-
lation average of all borrowers. This happens
with larger probability the larger the fraction
of safe projects. But as has been shown in the
previous section a pooling Nash equilibrium
never exists, so we have no equilibrinm at all.

This line of reasoning has been criticised on
the grounds that no game has explicitly been
specified and hence a Nash equilibrium is not
properly defined.

Subsequently, Hellwig (1987) has modeled
the above credit market as a two-stage game:
In the first stage banks offer debt contracts,
in the second stage the borrowers choose
among them. In this game it is indeed true that
no Nash equilibrium in pure strategies exists
in general.

In addition to this two-stage game, how-
ever, Hellwig has examined three-stage games
in which this non-existence result does not
hold. We shall sketch his arguments in the
next subsection.

4.2 Sequential Games

In a three-stage game, in which the bank in
stage 3 has the possibility to reject the appli-
cations from borrowers in stage 2, a Nash
equilibrium can be shown to exist in general.

In fact, in signalling games of this type
usnally a continuum of Nash equilibria exists
(Cho and Kreps 1987), and even invoking cer-
tain refinements of Nash equilibria need not
be sufficient to get rid at least of the intuitively
less plausible ones. The reason is that the re-
sponse of the uninformed players (in our mod-
el: the banks) to actions of the informed ones
{the loan applicants) depends on their in-
terpretations of those actions, in particular on
their »beliefs» concerning the type of a bor-
rower. A set of contracts may be an equilib-
rium if it is believed that borrowers who ap-
ply for a contract which is offered in addition

19
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are of the risky type. In an equilibrium such
beliefs are never refuted even if they don’t
make much sense. An appealing way to sin-
gle out a plausible equilibrium is the »Intui-
tive Criterion» proposed by Cho and Kreps
(1987). Essentially it implies that a borrower
should be believed to have a safe project if he
takes an action that would harm the owner of
a risky project even if his project were con-
sidered as safe. As Hellwig has shown, in this
case the only Nash equilibrium we get in situ-
ations in which no equilibrium exists in the
two-stage game is a pooling equilibrium. The
argument is as follows.

Consider the situation represented in figure
2 where the pooling contract K, is Pareto su-
perior to the contract pair [K,, K,]. In the
two stage pame K; cannot be an equilibrium,
because given K, a bank would have the pos-
sibility to increase its profits by offering any
contract in the hatched area, for example K,
which only the investors with the safe project
would demand.

In a three-stage game, however, no inves-
tor would apply for this contract, because he
knows that his application would be rejected
by the bank in the third stage.

To see the reason why suppose the bank ac-
cepts applications for K,. The bank will do
this only if the contract vields a positive ex-
pected profit. For this to oceur, it has to be
bought mainly from the investors of type 2.
But in this case, the contract K; would be
demanded mainly by bad risks, which would
induce the bank to reject all applications in
order to avoid losses. As a consequence all in-
vestors realizing this, ask for K. This, how-
ever, is a contradiction to the above assump-
tion, that mainly type 2 borrowers apply for
K,.

Consequently a deviation from K; by some
bank will not be profitable.

It is noteworthy that the same equilibrium
obtains for certain modified equilibrium defi-
nitions which have been proposed before the
precise specification of multi-stage games be-
came the dominant approach. One is due to
Wilson (1977) who suggested that a deviating
bank would anticipate the withdrawal of un-
profitable contracts and thus refrain from
offering a contract like K,. Similarly, Gross-
man (1979) argued that bad risks have an in-
centive to imitate the behaviour of the good
ones, hence breaking a pooling equilibrium
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would not be profitable.

To sum up, when adding a third stage, there
always exists a Nash equilibrium in the
Stiglitz-Weiss model, which is equivalent to
the Wilson equilibrium. In particular, a pool-
ing equilibrium results if this is Pareto supe-
rior. So in this case, again, the possibility of
credit rationing exists.

Interestingly, the opposite outcome occurs
if in such a three-stage game the informed
agents make the first move. In this case the
borrowers announce their prefered collateral
C, then the bank announces r(C}, and finally
the borrowers choose among the offers they
receive.

As was shown by Cho and Kreps (1987), the
only stable equilibrium (in the sense of Kohl-
berg and Mertens (1986)) equals the separating
Riley equilibrium, which excludes the possi-
bility of credit rationing. According to Riley’s
equilibrinm definition (1979) a deviating bank
would take into account that competitors
would react by offering additional contracts
if they are profitable. If this implies a loss for
the first deviating contracts, they would not
be offered to begin with. In the present frame-
work, a Riley equilibrium is always sepa-
rating.

This subsection has shown that conclusions
concerning the properties of equilibria in mar-
kets with imperfect information are often sen-
sitive with respect to rather subtle details of
the models employed. The next subsection
contains another example of this sort.

4.3 Modes of competition between
intermediaries

A last example for the sensitivity of proper-
ties of credit market equilibria with respect to
the assumed mode of competition provides
also an opportunity to illustrate how asym-
metric information may provide a rationale
for the very existence of specialized financial
intermediaries. Leland and Pyle (1979), Dia-
mond (1984) and others argued that with im-
perfect information a borrower-lender rela-
tionship requires costly information gathering
activities of the latter like screening, evaluating
risks, monitoring actions of borrowers and the
outcomes of their projects etc. In many in-
stances there are increasing returns to scale in
collecting and processing such information, in
particular, if several lenders supply funds to
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one borrower. Specialized intermediaries in-
crease the efficiency of a credit market by
avoiding replication of monitoring by several
independent lenders.

In this section we do not pursue this line of
argument any further, but assume instead a
particularly simple form of increasing returns
to scale in financial intermediation in order
to illustrate the importance of the mode of
competition. Following the version of
Clemenz (1988) of a model proposed first by
Williamson {1986) we assume that the supply
of loanable funds to intermediaries is infinitely
elastic at the deposit rate of interest i, There
is a continuum of identical borrowers which
is normalized to have measure 1. The loan
demanded by a representative borrower is
given by

27 L=12(1+n

The only information problem a lender faces
concerns the whereabouts of the borrowers
when repayment of the loan is due. It is as-
sumed that a lender has to pay a fixed amount
M in order to be able to identify all borrow-
ers and get his money back. This fixed cost
element implies increasing returns of financial
intermediation and creates a role for inter-
mediaries. The characteristics of an equilib-
rium in this model depend crucially on the way
competition is modelled, and we shall look at
three possibilities in turn.

4.3.1 Cournot competition

Williamson assumed that each intermediary
takes the loan rate of interest r as given, and
uses the volume of his loan supply, denoted
as L,, as the only strategic variable. From
(27) it is obvious that with » intermediaries the
market clearing loan rate of interest is ob-
tained from

28) 1+r=1/12 % L |
m=1

and finally, we assume free market entry,
which implies a zero profit for each intermedi-
ary in equilibrium. Each intermediary solves

9) max p(L)=L/12 T L,]
m=1
—( DL+ M)

and using the condition p(L)=0 it Is
straightforward to compute the Cournot-Nash
equilibrium of this market. In particular we
get

(30) n*=[172(0+HM]2
(31 Li=M[n"—1]

It is clear that this equilibrium is not Pareto-
efficient: Since there is more than one inter-
mediary there is a waste of resources devoted
to gathering information, and as Williamson
has shown one can make everybody better off
by taxing interest payments and subsidizing
loans. However, as Clemenz (1988) has argued
Cournot behaviour does not seem to make a
ot of sense in this market, and a Bertrand-
Nash equilibrium would look quite different.

4.3.2 Bertrand-Nash equilibrium

Under the above conditions it is obvious
that Bertrand-behaviour rules out an equilib-
rium with more than one active intermediary:
It would always be possible for one competi-
tor to lower the loan rate of interest (the only
strategic variable under Bertrand competi-
tion), attract all borrowers and hence to make
a positive profit by lowering the information
costs per client. It is straightforward to show
that the unique Bertrand equilibrium is given
by

32y n*=1
(33 Li=11-2(1+DM]/2(1+17)

and clearly, this is Pareto better that the above
described Cournot-Nash equilibrium. How-
ever, there is still room for government inter-
vention, as under Bertrand-competition the
market does not achieve a constrained Pareto-
efficient allocation. But as has been shown by
Clemenz (1988) this is due to the restrictive as-
sumption concerning the strategy spaces of the
intermediaries.

4.3.3 Contract equilibrium

If an intermediary is allowed to be a bit
smarter than has been assumed so far he could
break the above Bertrand-INash equilibrium by
offering a loan contract (L, #) in which loan
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volume and interest rate are chosen in such
a way that the utility of a borrower is max-
imized subject to a non-negativity constraint
on the lender’s profit. Now in order to do s0
the intermediary has to know the utility func-
tion of the borrowers, and it is well known
that demand function (27) can be derived from
a Cobb-Douglas utility function with the dis-
posable income in period 1 (when the loan is
obtained) and in period 2 (after the debt has
been repayed) as arguments. Assuming that
a borrower’s income equals zero in period 1,
and one in period 2, the lender solves

(34) max U=inL+in(1-(1+1L)

sit. (1+AL-(1+HL+M=0

and it is straightforward to show that in the
contract equilibrium we have one active inter-
mediary and

(35) L=(1—((1+)My/2(1+1)
(36) 1+r=01+D{1+1+HM]/[1 - +DHM]

Clearly, this equilibrium is constrained Pare-
to-efficient.

It is noteworthy that the demand for loans
at the equilibrium r would be smaller than the
loan volume of the contract equilibrium. Such
woverinvestment» results occur quite frequent-
ly in credit market models with imperfect in-
formation, e.g. in Bester (1986), Clemenz
(1986), Milde und Riley (1988), De Meza and
Webb (1987), usually because a larger loan
volume serves as a signal for credit worthiness,
or, as in the last paper, lenders cannot dif-
ferentiate between good and bad projects. In
the contract equilibrium just described the
larger loan size helps to mitigate the fixed costs
caused by imperfect information.

Another lesson that can be learned from
this subsection is the importance of the con-
tract between lenders and borrowers for the
properties of credit market equilibria. We dis-
cuss this point in more detail in the next sec-
tion.

5. Contracts

So far we have assumed that the type of
contract between lender and borrower is given

22

and has the form of a standard debt contract
(SDC). An SDC is characterized by the fol-
lowing mode of payment: If the borrower is
liquid he pays a fixed amount equal to prin-
cipal plus interest. If he is not liquid the lender
takes over the project plus the collateral. It
has been argued, however, that for certain in-
formation structures other types of contracts
may vield Pareto-better outcomes and could
resolve adverse selection or incentive problems
leading to credit rationing. We shall consider
a pure equity contract (PEC) as an alterna-
tive to SPCs. A PEC states that the lender gets
a fixed share of the project return. We shall
give below a few examples for conditions
under which either a SDC or a PEC is Pareto-
better.

5.1 Ex post asymmerry

Gale and Hellwig {1985) have derived the
optimal contract design from a maximization
problem in the case of asymmetric informa-
tion ex post, that is the borrower knows the
actual project return, but the bank has to bear
monitoring cost to obtain this information.

They show that in this case the SDC is the
optimal contract. With the SDC no monitor-
ing takes place if the borrower announces a
return x=1+r, and the bank receives 1 +r.
Only if the borrower announces x< 1 +r the
bank has to verify his announcement and has
to bear the monitoring costs. It then receives
the actual return. - -

Intuitively the Pareto-efficiency of a SDC

can easily be made clear. Incentive compati-
bility requires that the borrower’s repayment
is independent of his announced return if the
bank does not monitor since otherwise he
would cheat. The acquisition of the full return
in the case of monitoring follows from the re-
quirement of minimizing the total expected
costs of the credit. Note that the borrower has
to bear these costs. The expected return of
the bank has to equal 1 +/ plus the expected
monitoring costs. Now, if in the monitoring
case it would be payed less than the realized
x, the limit 1 + r above which the bank has to
check the borrower’s announcement has to be
increased. This, however, increases the prob-
ability of default and hence the expected
monitoring costs, and could not be Pareto ef-
ficient.
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Three points are worth mentioning at this
stage. As Krasa and Kubitschek (1987) have
shown the SDC may no longer be optimal if
the bank can go bankrupt. Second, the SDC
is no longer optimal if the borrower lender
relationship lasts for more than one period
(see e.g. Chun Chang (1990)). And third there
is a problem of time consistency: If the differ-
ence between 1+r and announced project
returns is small in comparison to the moni-
toring costs the threat of monitoring is not
credible unless the bank can precommit jtself.

5.2 Moral Hazard I: Effort

If in the moral hazard case of Clemenz’s
model {1986) not only the probability of suc-
cess but also the project return depends on the
borrower’s effort, the SDC is more efficient
than the PEC.

With PEC, the bank’s gross return is

37y px)=owx, O<a<l.

The borrower chooses his optimal effort by
solving

(38) max (1—w)g(e)x(e)—~cle)

with the first order condition

(39) (I—-wlg’x+gx’]~c’=0,

With a SDC one obtains

40y max g(e)[x—{1+r)]~—cle)

and the first order condition is

41) g’x—(1+1]+gx’—c’'=0.

If the bank receives the same expected return
with either contract, this implies

(42) agle)x(e)=g{e)(1+7)

and therefore

(43) 1+ =u0ox.

Combining this with equation (31) and com-
paring with equation (29) one recognizes that

(44) (1—-o)gx+gx’>c’.

This expression shows that with a SDC
the borrower chooses a higher effort. There-
fore, with a SDC the bank receives the ex-
pected return equal to a PEC, but the bor-
rower realizes a higher expected income. In a
recent paper R.D. Innes (1990) has given con-
ditions ensuring that the SDC is the optimal
contract.

5.3 Moral Hazard II: Riskiness

The opposite is true in the moral hazard ver-

. sion of the Stiglitz-Weiss model in which the

borrower can choose between a risky project
[4,, x,] and a less risky one {g,, x,]. As in sec-
tion 2.2.2 it is assumed that g,>q,, X <X,
@y > g X,

As was shown in section 2.2.2, the borrower
prefers the risky project if

v 2 TI5
g~

45) r>r

This implies that with a SDC the safe
projects disappear from the market if a criti-
cal interest rate is exceeded. This cannot hap-
pen with a PEC, however, because if the in-
vestor receives a share (1 —a) of the project
return then (1 —o)gx, > (1 —a)gx, is always
true, provided ¢,x;>q,x, holds. This is true
no matter what the level of @ is.

Consequently, here a PEC is more efficient
than a SDC, and in addition, the rationale for
credit rationing in the Stiglitz-Weiss model dis-
appears. The question is why in reality banks
usually offer SDCs, even if PECs or other,
more sophisticated contracts would be Pareto-
better. As with contract theory in general,
there is no really satisfactory answer. The best
one can probably offer at this stage is that in
reality the information structure and the pos-
sible contingencies are so complex that it is im-
possible to write complete contracts, and too
costly to attempt to replace standardized con-
tracts by more sophisticated ones. In any case,
even the introduction of the most sophisti-
cated contract does not seem to rule out the
possibility that circumstances exist which yield
a rationing equilibrium.
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6. Conclusions

We have tried to take stock of what has
been achieved so far in the theory of credit
markets with asymmetric information. Rather
than summarizing once more the main find-
ings we would like to conclude by pointing out
areas in which further research needs to be
done.

One important extension of the basic model
concerns the consideration of more than one
period. Work in that direction is still at its
beginning. In particular, it is still unclear
whether in borrower-lender relationships
which last for several periods rationing be-
comes more or less likely than in one period
models. On the one hand a multi period
framework provides the lender with additional
possibilities to obtain information, and to
create incentives for full loan repayment. On
the other hand, as Stiglitz and Weiss (1983)
have argued, one such incentive is to deny
loans to defaulters, and this threat becomes
pointless if it is never carried out. Preliminary
work e.g. by Clemenz (1986) suggests that
credit rationing is unlikely to disappear ai-
together in multi period versions, but the def-
inite answer has not yet been found.

A second direction for further research
would be a merging of credit market models
with approaches to the saver-bank relation-
ship, In particular, bank run models like that
of Diamond and Dybvig (1983) and others
could be relevant also for some of the resulis
mentioned above. The possibility that banks
could also go bankrupt certainly changes their
strategic behavior.

A third area worth exploring takes us back
to the concerns of the availability doctrine:
The way credit markets function is crucial for
the performance of an economy as a whole,
and rethinking macro-economics on the ba-
sis of insights gained from the economics of
information looks like a worthwhile enter-
prise. First steps have been taken by J.E.
Stiglitz and others (e.g. Blinder (1987), Green-
wald and Stiglitz (1987), Stiglitz and Weiss
(1987, 1988)), but clearly much work stil}
needs to be done. It goes without saying that
also in areas which have been covered in this
survey the subject is far from being exhausted.
Especially further progress in contract theory
may affect some of the views on credit mar-
kets currently held. We hope that our paper
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will help to stimulate interest in this exciting
and lively area of research.
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