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ABSTRACT: This paper exam nes an adverse sel ection economy in which efficient
resource allocation is supported by intermediary contracts (coalitions).
Agents differ along an ex ante publicly observeabl e di mension, so that the
equi l i brium arrangenent yields a diverse set of financial arrangenents anong
borrowers, | enders and intermediaries. Loans nmade by internmediaries would
appear to be mspriced relative to a naive benchmark that ignores the
(unobserveabl e) adverse sel ection aspects of the environment. The nodel also
yields an equilibriumm x of internmediated and direct finance which is broadly
consi stent with popul ar notions about the determ nants of that mx



CORRI GENDUM

On page 12, in part v) of Definition 5 the correct definitions of x; and x;
are:
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Accordingly, equation (7) on page 13 should be

o [Py - (k-Lr2®)r]

X, = b ,

b (1-0) (kr-p,y)

so that the total nunber (neasure) of type b's receiving investnment goods is
increasing in ¢ (subject to existence of an equilibriumfor a given ¢).




| nt roducti on

The theory of financial intermediation has, in recent years, produced a
variety of nodels of the role played by internediation in the financing of
productive activity. |In many of these npdels, internediary institutions arise
as a response to a problemof information.® Anong the various information
probl ems whi ch may constrain exchange in nodel econom es, adverse sel ection
may be particularly relevant to the use of intermediary organi zations. The
pre-contract information asymetry in adverse sel ection environnents has
proven to be especially troublesonme for the operation of classical market
mechani sns.? One argunent that arises fromthese difficulties is that social
institutions mght be expected to emerge that internalize the adverse
sel ection problem This is the approach taken by Myazaki (1977) for the case
of firms as internal |abor markets and by Boyd and Prescott (1986) for the
case of financial internediaries.

In the Boyd and Prescott environnent, agents are endowed with resources
and with risky productive projects the productivity of which is private
information. The allocation problemis, then, to sort agents so that no bad
projects are funded with resources before providing before all good projects.
This sorting is achieved through the use of two instrunents. First, as in
many private information environments, outcone contingent paynment schedul es
can hel p induce self-selection. Second, a technology that delivers a noisy
signal of an agent's type can be applied prior to the funding decision. It is
this second instrunment that |inks the Boyd and Prescott approach to much of
the other recent work on theory of banking. This work often focuses on the
i nformati on production activities of banks, although such production often
takes the formof ex post nonitoring as opposed to ex ante eval uation.

VWile the information production activities of banks and ot her
internediaries is clearly inmportant, this paper focuses nore directly on the
i mplications of adverse selection per se. |Indeed, in the Boyd and Prescott
environnent, it is adverse selection and not the nere presence of an
i nformati on production technology that gives rise to the need for
i nternediaries. Under adverse selection, achieving an efficient allocation of
resources sometimes requires cross subsidization of some agents by others.
This sort of subsidization cannot be achi eved in a noninternediated market
where each transacti on nust nmeet a conmon market rate of return. Hence,
adverse selection can create a role for internmediation even in the absence of
an explicit information production technology. This point was made by Lacker
and Wei nberg (1993).

Thi s paper extends the adverse selection approach to financi al
internediation in a way that seeks to allow the framework to address and
i nterpret observations about cross sectional differences in financia
relati onships in an econony. This is done by examni ning an econony in which
agents can be inperfectly distinguished by publicly observable
characteristics. Agents retain exclusive private information, however, about
the true productivities of their productive projects; publicly observed
characteristics nmerely deternine an agent's probability of having a particul ar
t ype.

If all agents were identical ex ante (no public information), the nodel
presented in section 2 bel ow woul d be a special case of that in Lacker and
Wei nberg. For this special case, section 3 discusses the possible
inefficiency of a non-intermedi ated nmarket (securities market) equilibrium



and presents the allocation that neets the requirements of cooperative
solution concepts that have been the focus of Boyd and Prescott, Lacker and
Wei nberg (1993, 1995) and others. Section 4 then extends the results to the
case with heterogeneous public information regarding agents and di scusses sone
cross sectional characteristics of the equilibriumarrangenment. One such
characteristic is the pricing of loans. The presence of adverse sel ection
results in pricing that is "snmoother" across risk classes than woul d be
inmplied by only publicly available information. An outsider's observation may
wel | be based only on such public information, ignoring the fact that |oans
need to be structures to induce self selection anong observationally identica
potential borrowers. Hence, this npdel might provide an interpretation to the
clains of sone observers that banks tend not to fully adjust their |oan
pricing in response to observeable differences in credit risk.?

Many nodel s of adverse selection inply an econony that is either
entirely intermediated or entirely nonintermediated. In section 5, the nodel
is extended to allow agents to overcone the adverse sel ection problemon their
own, without the use of internmediated funds. Such direct financing, however
requires the expenditure of resources to publicly establish one's true type.
If one assunes that the resource costs of "convincing the narket" are
decreasing in an agent's observeable quality, then the result follows that the
best borrowers avoid by-pass the internedi ated narket and rai se funds by
issuing claims directly to investors. Such a general equilibrium nodel of an
economy's nmix of intermediated and direct financing is essential for
evaluating and interpreting enpirically observed trends in that mx, such as
the much di scussed "decline of banking."*

An additional feature of the adverse sel ection approach to financia
internediation is that it provides an alternative formalization of the notion
of relationship banking. Oher authors have noted the inmportance of
mul tiperiod or nultiproduct relationships in overconing informationa
constraints. Typically, the formal description of a relationship is one in
whi ch the | ender produces information about the borrower in the course of
provi di ng one product or service. This information then gives the |lender a
conpar ati ve advantage (and sonmetine nonopoly bargai ni ng power over the
borrower) in providing an additional service. One exanple is Nakamura (1993),
where information produced in the provision of deposit services enhances the
bank's ability to nonitor a borrower. In another exanple, analyzed by
Raj an(1992) and Sharpe (1990), information produced in the process of |ending
to and nmonitoring a borrower in one period give the an advantage in subsequent
| endi ng.

The "rel ationship" in the present paper is simlar to that in Nakamura,
in that it involves a conplenentary between deposit and | ending services.

This rel ati onshi p, however, involves no production of information, per se.

Rat her, the joint structuring of deposit and loan ternms allow the bank to sort
worthy from unworthy borrowers. This interdependence gives the bank a reason
to favor its own depositors as borrowers. One result of this joint
structuring of ternms is that it would be difficult for an outsider to asses
the profitability of bank services on a service by service basis. Sonme |oans
m ght appear to earn excess profits, while sone deposit services m ght appear
to be underpriced. 1In this econony, the margin of conpetition is the
profitability of the entire package of services offered.



2. The Basi c Econony

The econony is popul ated by a continuum of risk neutral agents, with a
total neasure of one. Each agent is endowed with some comnbination of
productive abilities and productive resources. |n particular, each agent is
endowed with a single unit of the resource, which can be transforned into the
economy's single consunption good either through investment in agents'
projects or through investnent in a risk free, constant returns to scale
alternative. This alternative yields a return of r units of consunption good
for each unit of investnent.

Each agent has the ability to operate production projects. To operate,
a project requires k > 1 units of the investnent good. Projects are risky,
with risk depending on a project's type, i € {g,b}. A "funded" project of
type i -- one that receives the necessary investnent -- is successful wth
probability p;. A successful project produces y > r units of the consunption
good, while an unsuccessful project produces nothing. Gven r, the
opportunity cost of investment, only type g projects are positive net present
value investnments. That is, py <r < pgy.

The type of an agent's project is that agent's private information.

Each agent, however, also belongs to a class, which is publicly observed. An
agent's class, indexed by i € (0,1,...,n), is informative about his productive
type; a fraction ¢, (1-¢;) of agents in class i have type g (type b) projects.
An agent's class will also be referred to as the observable quality of the
agent's project, with higher i indicating higher quality: 0 < ¢, < ¢, <...< ¢,
< 1. The expected output froma randomy selected menmber of class i is [¢;py+
(1-¢;)pu]y = pPoy. Aclass is identified both by its index i and its quality

o.

The distribution of the popul ati on across clagses is given by the

probabilities f = (fq,f,, ..., f) with 0 <f;, <1 and if; = 1. The probability
f, gives the fractio f the population that is in class i. The mean of the
distributionis ¢ = fid;. There is a neasurable set of agents who are known

to have no profitable productive opportunity; that is, ¢, = 0. These agents
participate in the econonmy only by investing their funds in the projects of
others. On the other hand, there are no agents who are known to have a
profitable project; ¢, < 1.

Under full information, an efficient allocation of resources would fund
no type b projects. Resources would be allocated to sone conbi nation of type
g projects and the alternative investnment. Assume that ¢k < 1, so that the
efficient allocation would include some investment in the alternative (¢k is

the total ampunt of resources required to fund all type g projects). 1In a
full-information efficient allocation, total (expected) output would be
y' = oPy + (1-29ok)r. (4)

In this risk neutral econony, the social cost of private information, if any,
can be neasured by |ost expected output relative to y'".

Al l ocati ons
A general specification of allocations in this economy would include the

al l ocation of the productive input across agents as well as an allocation of
the final consunption good. An allocation of the investnent good can be



stated in terns of the fraction of agents of each type and class to receive
the k units of investment necessary to operate a productive endeavor
Formal Iy, an investment good allocation is a quantity, Xx,, and a nmappi ng
denoted by x(¢) = (x4(P),x,(d)). Here, x,(¢d) (t=g,b) is the fraction of type t
agents in class ¢ receiving investment of k, and x, is the amount of resources
invested in the risk-free alternative. The consunption allocation, for an
agent of type t (t=g,b) and class ¢, is denoted by c,(¢) =
(ci(d),cl(d),c%d)); superscript s (f) denotes that the agent operates a
project and is successful (unsuccessful), while the superscript 0 denotes that
the agent does not run a project. Finally, c(¢)=(cys¢d),c,(d)) denotes the
overall consunption allocation

An allocation (c(é),x(d),x,) is feasible if it is resource feasible,
i ncentive feasible (incentive conpatible) and individually rational. Resource
feasibility, in turn, has two conponents. First, an allocation can use nore
than the total amount of the input avail able.

Definition 1: An allocation of the investment good, (x(¢),x,), is feasible if
n
kZ(:)[CDng(CDi) + (1-0)x, ()], < 1. (5)

For conpl eteness, one could add Fxx,(0)k to the |left-hand side. Leaving this
term out presupposes that x,(0)=0. The second part of resource feasibility
concerns the distribution of the output.

Definition 2: An allocation of the consunption good, c(¢), is feasible if

inn(:)[¢ng(<l>i) + (1-0)x ()], + X,

N
=

8,0xg( ) (P,Cy + (1P eg) + (1-xy(#)) ey (3)

S f 0
+ (1-0,) [X,( ) (Pyep + (1-pp)cp) + (1-x,(,)) cplf .
Li ke equation (2), equation (3) incorporates the assunption that x(¢)=0.
Equations (2) and (3) assune that agents take the allocations intended
for their types. That is, resource feasibility is witten assunming incentive
conpatibility.

Definition 3: An allocation (c(9),x(d),x,) is incentive conpatible if

f 0
X(9) [Pgeg(®) + (1-pcy(®)] + (1-xg)cy(e)
- (B [PCE(®) + (1-p)ep()] + (1-x,)cp() (4)

and



X(9) [P,CE(®) + (1-p)cp(@)] + (1x)cp(o)

S f 0
> Xy(9) [Peg(®) + (1-p)eg(9)] + (1-xp)eq(9) (5)
for every & in (0, ...,d,).
Finally, agents cannot be forced to take an allocation that gives them
| ess expected consunption than they could achieve on their own, by investing
their resource endowrent in the risk-free alternative.

Definition 4: An allocation (c(é),x(d),%,) is individually rational if for
each ¢ in (0,¢,,...,0,) and t = g, b,

(D) IPCS(8) + (1-p)ch(9)] + (1x)c (o) > 1 (6)

Contracts and Institutions

For anal ytical convenience, the definitions above specify feasibility
requirements directly for consunption allocations, or outconmes that m ght be
achi eved by what ever market arrangement in which agents interact. The
environnent is suggestive of a credit market arrangenent. Agents who wish to
operate productive projects require outside funding. To secure this funding,
they will be willing to offer to share sone of their output with suppliers of
funds. It would be straightforward to recast Definitions 1 - 4 in terns of
al l ocations that specify: how many agents of each type in each class receive
credit; the repaynent made by an agent of a given type and class who has a
successful (unsuccessful) project; and the return paid to an agent of a given
type and class who invests funds in the projects of others.

This paper will focus on two particular types of credit market
arrangenent. |In a securities nmarket arrangenment, agents conpete for the funds
of investors by offering contracts that specify the division of a project's
out put, between operator and investors, in the case of success and failure.
These contracts are evaluated by the market given the narket's expectation of
the agent's type. This expectation will typically be affected by the agent's
class and the nature of the contract offered. 1In an equilibriumof such a
mar ket, each contract that attracts funds nust yield (in expected val ue) the
market rate of return to investors.

The alternative arrangenment is an internedi ated credit market in which
coalitions formw th sone agents participating as investors and ot hers
operating projects. In this arrangenent, operators nake paynents to the
coalition which, in turn, distributes paynents to the investors. One can
think of the intermediary coalition as being sponsored by an individual agent
who offers a set of terns for prospective participants. Free entry and
conpetition anmong internediari es guarantee zero profits for sponsors.

The internediaries imagined in this framework are essentially the sanme
as those proposed in Boyd and Prescott (1986) and Lacker and Wi nberg (1993).
In both of those papers, such coalitions were able to achieve allocations that
could not be attained by a securities market. The solution concepts used in
this work are adaptations of the core. Unlike the earlier papers, section 5
exam nes a case in which intermediated finance and a direct securities market
can coexi st.



3. The Case of a Single d ass

It is useful to begin with the behavior of a version of the econony in
which all agents belong to a single class. That is, the entire population is
characterized by a single prior probability of being type g. This
probability, ¢, satisfies ¢k < 1. Such an econony is a special case of that
studied in Lacker and Weinberg (1993). Hence, proofs of the propositions in
this section are onmtted. It is, nevertheless, instructive to exam ne the
out comes of both a securities market and an internediary arrangement for this
case.

It has |long been recognized that in this type of adverse selection
environnent, a securities market equilibrium in which each transaction stands
on its own, can yield inefficient outcones. For instance, de Meza and V\ebb
(1987) argue that overinvestnent is a generic characteristic of equilibriumin
these economes. |n the present case overinvestnent neans that, in
equi librium sone type b agents attract funds and operate their production
projects. The econony, then, suffers the deadwei ght | oss of sone amount of
negative net value investnents. This is stated nore formally bel ow

Definition 5: A securities market equilibriumfor an economy with a single
class ¢ consists of an allocation (c,x) and a market rate of return p such
t hat

i) for t=g,b, c? = p;

ii) for t=g,b, if x, >0, then p,ci + (1-p,)c{ > p
iii) for t=g,b, if x, <1, then pci + (1-p)c! < p
iv) if x, >0, then p =r;
V) if (cicy) = (cpcp) = (c3cf) then
(XiPgHXEPs) (¥-€%) - (x(1-py) +xi(1-py))c’ > (k-1)p,
where x{ = X/ (X4+X,); and

vi) if (cicp) # (cict), then p(y-c))-(1-p)ci > (k-1)p if x, > 0.
Condition i) states that an agent that does not attract funds to operate a
project earns the market rate of return on his or her endowrent of the
i nvest ment good. Conditions ii) and iii) concern the demand for funds by type
t agents; if type t agents can earn nore by investing, none will seek to
operate projects. Conditions iv) - vi) require that positive amunts of
i nvestment only go to type t projects (or to the alternative) if the expected
return nmeets the market rate. Incorporated into condition v) is the condition
that, if both type g and b agents offer the sane contract, investors evaluate
the contract using the proportions of type g and b agents offering it.

Proposition 1: Wth a single class of agents with ¢k < 1, a securities

mar ket equilibriumallocation is characterized by:

i) Xg =1, X, <1, c;=c, =0, and cy = p = r:

ii) if py <r[k - 1+ pJ/py], then x, = 0; and

iii) if py >r[k - 1+ p/py], then x, >0, and c; = c;.
Part iii) of this proposition is an exanple of the "overinvestment"

result of deMeza and Webb (1987); if the good type is sufficiently good, and

if the bad type is not too bad, a securities nmarket equilibriumunder adverse

sel ection cannot prevent at |east some bad investnents from bei ng made. These

results can be understood in terms of Figure 1. In (c5 c’) space, an

i nvestor's consunption, in an equilibriumw th positive investment in the

risk-free alternative, can be represented by the point (r,r). A separating

contract, one that will be offered only by type g agents, must lie on or bel ow




the type b indifference curve through (r,r), the line | abeled B. Type g

i ndi fference curves are flatter and correspond to iso-profit curves for
investments in type g contracts. Hence, the lowest return a type g agent can
of fer, without inducing type b's to offer the sane contract, is at the
intercept of B, (0,r/py). If p(y - r/ip,) > (k-1)r, this contract strictly
exceeds the opportunity cost of investors' funds. This cannot be an

equi librium since there are not enough type g investnents to satisfy the
demand for the return stream As the return gets bid down, type b's are drawn
into the role of operating projects.

The equilibriumcharacteristics identified above are conditional on the
exi stence of an equilibrium An equilibrium always exists when the condition
in part ii) is satisfied. Under part iii), existence depends on the size of
X, Which is found by solving condition v) in definition 5, at equality, with
c' =0 and x, = 1. The result is

py - (k-1+pJp)
b Kr _pby .

(7)

An equilibriumexists if it is possible to fund x, of the type b agents,
together with all type g's, w thout exhausting total resources. That is, if

[¢ + (1-9)x, ]k < 1. (8)

Note that as ¢ gets close to 1 (8) will be violated. Assune for now that
this is not the case.

VWi le the securities market arrangenent requires that every transaction
stand on its own, theories of financial intermediaries in adverse selection
environnents have posited nultilateral arrangenments that break-even across
all the parties to the arrangenent but in which sonme individuals nay pay or
receive nore than their apparent "nmarket val ues."” In the present case, such
"cross-subsidi zati on" takes the formof some project operators paying (and
some investors receiving) nore than r in expected val ue

The notion of an internediary is formalized by a core-Ilike requirenent
on allocations. That is, an equilibriumallocation is one that |eaves no
incentive for any coalition of agents to break-off and allocate their own
resources anmong thenmsel ves. Such a deviation would have to satisfy incentive
and resource feasibility constraints for the deviating coalition. Such core-
like solutions for adverse selection econonies typically involve additiona
requi rements on deviating coalitions, reflecting a coalition's inability to
prevent unwanted nenmbers fromjoining (see Boyd and Prescott (1986), Boyd,
Prescott and Smith (1988), Marinon (1988) and Lacker and Wi nberg (1993)).
VWile there are differences in the way a solution is defined, the prediction
tends to be the sane across definitions. Since an efficient, feasible
all ocation often requires subsidization of "low types" by "high types," the
hi gh types (type g in the present npdel) have the greatest potential incentive

to deviate. In a core-like solution this fact drives the allocation to that
nost favored by the high types anmong all resource and incentive feasible
allocations. |In the present nodel, that allocation can be found as the

sol ution to:
max x[pcS+(1—p)cf] +(1—x)cO (P)
(c.x) "gtFg7g 979 9/ 7t

(subject to) (2), (3), (5) and (6) (note that (6) states the individua
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rationality constraint for both types, while for the purposes of this problem
only individual rationality for type b is relevant).

VWile this solution concept is cooperative, Asheimand Nilssen (1994)
have recently presented a narket setting that has the same allocation as its
uni que noncooperative equilibrium® Relatedly, Wlson (1979) and Hellwi g
(1987) have noted that changes in the strategic form assumed for
noncooperative anal ysis of adverse selection environnents can have significant
effects on predicted outcomes. The cooperative approach represents an attenpt
to treat the institutional setting (which determnines the gane played by market
partici pants) as endogenous. M yazaki (1977) was anong the first to make such
argunents for a cooperative solution based on a problemlike (P) in adverse
sel ection settings.

In some cases, the cooperative solution coincides with the securities
mar ket equilibrium described above. |In particular, when condition ii) of
proposition 1 is satisfied, type g agents can do no better than to accept a
contract (cj,cy) = (y - (k-1)r/p,0). This contract, when taken only by type g
agents, pays a rate of returnr to investors and lies below the type b
i ndi fference curve through (r,r) (Bin Figure 1). |In this case, one night say
that a securities market is an efficient institutional setting.

In other cases, when condition ii) of proposition 1 is not satisfied,
the securities market is not an efficient institution. |In these cases, the
solution to problem (P) is quite different fromthe securities market
equi librium

Proposition 2: Wth a single class of agents with ¢k < 1, a solution to
problem (P) is characterized by:

i) Xg =1, X, =0, ¢cf =cp = 0;

ii) if py <r[k - 1+ p/p,], thency=r and c; =y - (k-1)r/p, and
iii) if py >r[k - 1+ pg/py), then cg = p,cc; >r and

Cg = [dpyy + (1-0K)r]/[dpg + (1-¢)ps].

The fact that c; = 0 follows fromthe linearity and differences in
sl opes of type g and b indifference curves. Since the type g indifference
curve is flatter, in trying to separate fromtype b's type g agents will want
to move as far up and to the left as possible along the type b indifference
curve. When the inequality in the condition for part ii) is strict, there is
an indeterminacy in the solution; in Figure 1, c, can lie anywhere on G
between the verticle axis and B. Part iii) follows directly fromthe
constraints (3) and (5) with x, = 1, and x, = ¢cj = 0. Constraint (5) reduces
to p,c; < cp. Using this equation at equality and substituting into (3) at
equal ity yields c; The result is an incentive conpatible consunption
allocation that inplements the full information efficient allocation of
resources. Further, it is clear that this allocation is the best such
allocation for type g; any other would require introducing slack into either
(3) or (5).

The case identified by part iii) in each of the propositions above is a
case in which a securities market is not an efficient institutiona
arrangenent. An alternative arrangenent takes the formof an internediated
market. |Inmagine a market in which intermediaries (with free entry into the
role of internediary) seek to attract the funds of agents by offering a fixed
return on investnents. An internediary then nakes offers of credit to those
agents who have placed their funds with that intermediary. Such an
arrangenent is very simlar to the game anal yzed by Asheimand Nillsen. Here,
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the offer of credit to agents who have already placed their funds with the
internediary takes the form of the renegotiation stage. Agents will
rationally anticipate the outcone of this stage, so conpetition anong
i nternediaries can alternatively be thought of as conpetition in the offer of
bundl ed credit and investnment services. This suggests a reinterpretation of
the allocation in part iii) of proposition 2. |In a zero-profit (due to free
entry) equilibrium internediaries issue a claimworth c) for each unit
deposited of the investnent good endownent. Each intermediary then offers a
loan to all of its depositors. The promised return on the loan is y + ¢ -
Cc;- The loan is secured by a borrower's deposit claim if the borrower is
unsuccessful, the claimto c) is forfeited. This |oan offer induces self-
sel ection; only the type g agents prefer to take out a | oan.

In this environment, if investment (deposit) services and | ending were
both required to stand on their own, then there would be no distinction
bet ween i nt ernedi at ed and noni nt er nedi at ed arrangenents. Si nult aneous
conpetition anong internediaries in two distinct markets (raising funds and
attracting borrowers) would lead to the sanme (overinvestment) equilibrium as
the securities market arrangenent. Internediaries have a role here because of
their ability to offer bundl es of services which may not break even on a
servi ce-by-servi ce basis.

The above di scussion has assuned that the aggregate endowrent of
i nvestment good is nmore than sufficient to fund all type g projects. That is,
ok < 1. If, instead, ¢ is big enough that funding all type g's nore than
exhausts the aggregate resource endowrent, the solution to problem (P) is
somewhat different fromthat given in proposition 2. Also, when ¢k > 1, the
securities market equilibrium if it exists, coincides with the solution to

(P).

Proposition 3: If ¢k > 1, then in a solution to (P) or in a securities
mar ket equilibrium
i) X, = 0, x 0, X 1/ ¢k, cj = 0;

p,/ pyl kr, then cp = r and
r1/pg and
opy/ pul kr, then cj

i) if py < [1- ¢
Cig = [pgy - (1-9)

i) if py >[1-
Ch = pocy/ k.

+

dpyy/ [ dp, + (1-¢)p,] and

In this case, only a fraction of the type g agents receive funding.
Setting cJ = 0 provides the least cost (in terms of type g's expected
consunpti on) means of inducing self selection. Then, as in proposition 2, the
consunption allocation is found by solving the resource feasibility constraint
and type b's incentive conpatibility constraint at equality. A single-class
economy with ¢k > 1 is constrained in the sense that both types of agent
recei ve | ower expected consunption than that identified by parts ii) and iii)
of proposition 2. Such a class of agents could benefit from coexistence with
an unconstrained class, one with positive investnment in the alternative (x, >
0) in a solution to (P); the marginal value of investnment in the constrained
class is pyy/k, compared to r in the unconstrained class.

4. Miltiple classes

The behavior of this econony is not significantly changed by the
presence of multiple classes of agents. Under the securities market
institutional arrangenent, the nmarket can be effectively segnented by cl ass,
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since an agent's class is observed. Hence, there are n securities offered,
each a claimto the residual froma contract (c*(¢;),c'(¢;)) for each i from1l
to n (there is no security for class 0 since class 0 agents are known to be
type b with certainty). Each security yields an expected rate of return equa
tor, and there is positive investnent in the risk-free alternative (so |ong
as ¢k < 1).

Notice that the conditions in parts ii) and iii) of proposition 1 do not
depend on ¢. Fromequation (7), it is apparent that x, is also independent of
¢é. Therefore, a securities nmarket equilibrium if one exists, is the sane
for all classes. Types of agent are efficiently separated either for al
cl asses or for none. A sufficient condition for existence of an equilibrium
for all classes would be for equation (8) to hold for ¢é = ¢,. An alternative,
weaker sufficient condition is for there to be enough agents in class 0 to
cover the financing need for all classes for which (8) fails. That is,
suppose ¢, is the quality of the first class for which (8) fails, 1 < e < n.
G ven that class quality (¢) is increasing in the index, (8) also fails for
all classes above e. Assune that

n

Yo+ (1-0)x, k - Vf, < f, (10)

| =€

where x, is given by (7). Under this assunption, the securities market
equilibriumexists and is the same for all classes.

The cooperative solution for the nultiple classes also follows directly
fromthe case of a single class. A sinilar potential difficulty arises; a
high quality (high ¢) class may not have enough resources to finance all of
its type g agents without drawi ng resources fromone or nore other classes.
This will be the case if ¢k > 1. Let class mbe the | owest class for which
this is true. Notice that this is at least as high as class e, defined above
as the lowest for which (8) fails. Classes e and mare the same when py < [k
- 1+ p/py)r, (the case when x, = 0 in the securities market equilibrium.

O herwise, e is lower than m Hence, under assunption (10), there is a big
enough class of pure investors that classes mthrough n can fully fund their
type g agents. Note that this means that these classes will have a different
all ocation fromwhat they could achieve in isolation. It is true, however,
that a class's stand-alone allocation puts limts on the consunptions of
agents in a cooperative (internmediated) solution

Lemma 1: If py > [k - 1 + pJ/p,Jr, then, in a cooperative solution, there is
no subsidi zation across classes. That is, each type in each class receives at
| east the expected consunption that would result fromthat class's stand-al one
solution to problem (P).

This result would follow imediately fromthe construction of a weighted
maxi m zation probl em where the maxi mand is the wei ghted sum (across cl asses)
of that in (P), with the weights equal to population fractions of each class.
The equi val ents of constraints (2) and (3) would have to hold across cl asses,
while there would be a constraint (5) and (6) for each class. However,
proposition 2 relied on results obtained el sewhere in the literature to argue
that the solution to problem (P) net the core-like requirement of being immune
to deviations fromcoalitions of agents. It may not be obvious that those
results transfer to the nultiple class case. Note, then, that no type g
agents can be given expected consunption | ess than what they would get in
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their own class's solution to problem (P). |If type g agents in sonme class are
receiving less, while type b agents in the sane class are receiving no nore,
than they can deviate fromthe allocation and provide thenselves with their
solution to (P); this follows fromthe pareto optimality (within a class) of
solutions to (P). |If type g agents in sonme class receive less than in their
single class solution to (P), while type b agents are receiving nore, then the
type g's can deviate together with some of the type b's in the class to
achieve the solution to (P) for a higher ¢; this follows fromthe fact that
t he expected consunption of type g's in solutions to (P) is increasing in ¢.
This last argunent is a direct application of the logic in Lacker and Wi nberg
(1993).

VWil e agents in each class nust receive at | east the expected
consunption they can achieve in the class's stand-alone solution to (P), sone

cl asses may receive nore. |In particular, under the assunmption that ék < 1
all type g agents can be funded, even though some cl asses woul d be constrained
if required to stand alone. |Inmmgine that each class acts as a coalition. A

class with ¢k > 1 can offer a class with ¢k < 1 a return of r on resources
that the latter woul d otherwise invest in the risk-free alternative. The
latter class would, then, be indifferent between investing the funds itself
and forwarding themto the class with ¢k > 1. 1In this scenario, the
constrained class (dk > 1) collects all the gains fromthe inter-class
transaction. One night inmagine that those gains could be allocated in sone

ot her way. The existence of a sizeable nunber (nmeasure) of agents in class O,

however, will serve to keep the cost of inter-class funding at the
“conpetitive" rate of r. In short, we have the follow ng.

Proposition 4: If (10) is satisfied, a nultiple-class cooperative solution is
is given by an allocation (c(®),x(d),x,) with x, = 1-¢k, and for i =
0,1,...,n, (c(d;),x(d;)) is given by proposition 2.

One inplication of the above is that agents in class 0, all of whomare type
b, earn a return of r on their investnents, whether they invest in the risk-
free technology or in the projects of agents in other classes.

As before, this allocation can be interpreted as the result of an
i nternedi ated market in which intermediaries first attract deposits of agents'
resource endownents by offering a fixed consunption-good payment of c). Next
internediaries offer loans to their depositors. The |oans, collateralized by
the deposit claim require a repayment of R, =y + cp - c;. The difference in
the nultiple class case is that these contractual terms nust be functions of
agents' class. Since class is public information, contractual terms to
di fferent classes can be treated as distinct products in a conpetitive,
i nternedi ated market (in which any agent can act as an internediary).

The essence of the intermediated solution is that there is cross
subsi di zati on between types. The return to depositing one's funds with an
i nternediary nust be sufficient to induce type b agents to not claimto be
type g's by seeking to take out loans. |In the case identified by parts iii)
of propositions 1-3, such a return nmust exceed r. To support such a return
with zero profits or losses for the internediary, expected paynents on | oans
nmust exceed r. Hence, loans in this econony nmight appear to be "m spriced"
when observed in isolation fromthe broader arrangenment deternining
al | ocati ons.

One way of view ng the apparent mispricing of |oans is by conparison to
an admttedly "naive" benchmark. Suppose that one observed | oans nmade to
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agents in an array of risk classes, but that one was unaware of the underlying
adverse selection problem That is, suppose that one assunmed that no
participant in the econony had nore prior information than sinply that the
probability of success for a nmenber of class i was ¢;p, + (1-¢;)p, = p,- Then,
one m ght expect conpetitive pricing of loans to result in the follow ng.
Agents with p,y > kr receive loans with a repaynent, upon successful

production of R(¢) = (k-1)r/p,. Agents with p,y < kr do not receive |oans.

The conparison of R(¢) to R(d) =y + cy(d) - c5(d) is as depicted in Figure

2.

There are two notable features of the conparison given in Figure 2.
First, R/(¢) > R(d) (over the range of ¢ for which p,y > kr), so that
internediary loan pricing is less sensitive to public information than the
benchmark. Second R(¢) crosses R(¢), so that there is a range of (relatively
hi gh quality) classes for which internediary | oans appear to be overpriced.
Thi s apparent overpricing mght seemto nake the internedi ated allocation
vul nerabl e to deviations by agents in high classes, if they can nake credible
securities offers directly to investors. The next section introduces a
technol ogy for making such offers.

5. A Certification Technol ogy

Since type g agents pay a subsidy to type b's in the internediated

al l ocation, they may have an incentive to spend resources to distinguish
t hemsel ves, if such distinction allows themto raise funds w thout paying the
subsi dy. Suppose that type g agents have the ability to certify their type at
a cost. Suppose, further, that the cost to a type b agent of m mcking such
actions is prohibitive. Finally, suppose that the cost of certification
depends on an agent's class. This last assunption is intended to capture the
notion that it is harder to establish that one is a type g if one cones froma
class that is nostly type b's than if npst of one's classnmates are also g's.
A type g agent's certification cost is, then, represented by a function y(¢)
with vy(1)=0, v'(1)=0, vy'($¢)<0 and y”(¢)>0 for 0<p<l, and y(0)>y. The |ast
assunption assures that there are sone ¢ for which certification would never
be worthwhil e.

If a type g agent sought to incur the certification cost and raise funds
at the "conpetitive" rate, r, the total anpunt of funds needed is k + y(¢) -
1. The agent will need to make a paynent upon success such that the expected
payment is [k + y(¢) - 1]r. Hence the agent's expected consunption is

c(8) = py - (k=+y(o) - Dr.

A type g agent will incur the cost of a denmonstration if doing so raises
expected consunption. That is, type g agents in class & will issue
securities directly to the market if c,(¢) > p,cg(d). Gven the assumed
properties of the function y(¢), the following is straightforward.

Proposition 5: There is a ¢, 0 < ¢ < 1, such that c,(¢) > p,cci(d) for all o,
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¢ < b <1 and c,(P) < p,cy(d) for ¢ < ¢

Type g agents about whom public information is the npst favorable find it
worthwhile to incur the cost of distinguishing thenselves fromtype b agents.
Thi s suggests an organi zational structure that includes both internedi ated and
direct financing of projects. Wth this basic structure it is possible to
perform a nunmber of conparative statics exercises. How, for instance, is the
m x of direct and internediated financing affected by a general inprovenent in
technol ogy that increases y? What is the effect of a tax on internediated
finance? The answer to the latter question is what one would expect. A tax
on internediation |lowers ¢, |leading nore agents to seek direct financing.
This occurs sinply because a tax shifts p,ci(¢) down (at all while not
affecting c,(¢).

Many current discussions of trends in banking focus on such affects of
the (presumably rising) regulatory tax on banks. By allowing a treatment of
the first question, the present nodel hel ps put such discussions in a clearer
context. It turns out that an increase in y has qualitatively the sane effect
as the introduction of a tax; ¢ falls. Hence, the nodel allows one to
exam ne what woul d happen to the equilibriumfinancial structure in the
absence of regulatory and tax effects. Such exami nation can strengthen one's
under st andi ng of observed trends in financial structure.

O her features of the nodel contribute to the determ nation of the
financing mix. Cearly, the distribution of agents across classes (F) has
inmplications for the size of the relative sizes of the internediated and
direct finance sectors. Changes in this distribution m ght be caused by
denogr aphi ¢ changes or by changes in technol ogy that affect the economy's m x
of skills and activities that are matched in productive projects.

Concl usi on

This paper has followed in the Iine of research exam ning the role that
financial intermediation can play in allocating resources in the presence of
adverse selection. The internmediated solution to the adverse selection
problemtypically involves sone subsidization of "bad types" by "good types."
Hence, it may appear to soneone observing the behavior of such an econony that
the good types are getting a raw deal. In fact, there is a sense in which the
apparent severity of the raw deal increases as the severity of the adverse
sel ection probl em decreases. In the nodel above, this shows up in the
"snoot hi ng" of loan pricing across classes. Good types in high quality
cl asses pay a greater subsidy than do those in | ower classes.

In the nodel above, direct financing emerges as a way for high quality
borrowers to by-pass the cross subsidization inherent in internmediated
financing. There is a sense in which the resources spent in this by-pass
activity represent socially wasteful expenditures. Aggregate consunption in
an economny in which such by-pass was inpossible would be greater than in an
ot herwi se identical econony with by-pass. Note, however, that this aggregate
i mprovenent would not be a pareto inprovenment, since high quality borrowers
are made better off by the availability of the direct finance route.
Nevert hel ess, the difference in aggregate consunption mght |ead some to read
this nodel as an endorsement of bank-dom nated financial systens, such as that
in Germany, as conpared to systenms like that in the U S., in which securities
markets play a greater role. Such a reading would be mnistaken, because the
nodel assunes that there are no resource costs associated with financia
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internediation. It would be possible to introduce such a cost into the nodel;
its treatment would be sinilar to that of a tax on internediation. Wth such
an addition, novenment of sone borrowers fromintermedi ated to direct finance
could well have an anbi guous affect on the aggregate use of resources in
financial activities.

Argunments concerning the relative merits of alternative financial
structures or interpretations of observed changes in such structures are often
made wi thout explicit reference to a coherent nmodel of the determination of
the m x of financial arrangements. Wthout such a nbdel, normative statenments
are difficult to evaluate. Since the financial structure of a nodern econony
is rather conplex, the nodelling task is challenging. Perhaps we must begin
with small steps, such as that offered in this paper
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1. Recent surveys of financial internediation theory are found in
Bhat t acharya and Thakor (1994) and Dewatripont and Tirol e(1994).

2. The problenms with standard types of conpetitive narket interaction can be
seen in the possible non-existence or non-optimality of equilibriumin the
Rot hschild and Stiglitz (1976) insurance nmodel. |In a nore general setting,
Prescott and Townsend (1984) find that the adverse sel ection environnent is
the only one of the private information environments they exam ne for which

t hey cannot prove a standard welfare theoremon the optimality of conpetitive
equi l i brium

3. Such comments have been nade, for instance, in speeches by Federal Reserve
Chai rman G eenspan.

4. See, for instance, Boyd and Gertler (1994).

5. Asheimand Nillsen exam ne a two stage gane in which internediaries
(insurance firms in their nodel) first conpete for customers by offering sets

of contracts. In the second stage, internediaries are allowed to engage in
multilateral renegotiation with the customers they attracted in the first
stage. In equilibrium the contracts offered in the first stage are inmune to

such renegoti ati on.
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