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The objective of this paper is to compare the effectiveness of financial markets and
financial intermediaries in financing new industries and technologies in the presence of
diversity of opinion. In markets, investors become informed about the details of the new
industry or technology and make their own investment decisions. In intermediaries, the
investment decision is delegated to a manager, who is the only one who needs to become
informed, which saves on information costs, but investors may anticipate disagreement
with the manager and be unwilling to provide funds. Financial markets tend to be superior
when there is significant diversity of opinion and information is inexpensieurnal of
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1. INTRODUCTION

In the long run, the main determinant of economic progress is the degree
technological change. This takes two forms: The introduction of new industr
and the development of new technologies in existing industries. We are intere:
in comparing the performance of markets and intermediaries in the evaluation
financing of new industries and new technologies. We suggest that a key is
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in this comparison concerns the uniformity of initial beliefs among investors.
standard finance models, such as the CAPM, it is assumed that investors hav:
same prior probability beliefs. The same assumption is made in the asymme
information literature and the market microstructure literature.

In an important paper, Aumann (1976) shows that if two individuals assign t
same prior probabilities to a given event and their posterior probabilities (con
tional on private information) are common knowledge, then the posterior probal
ities must be identical. In other words, under ttmenmon prior assumptiothey
cannofagree to disagregseanakoplos and Polemarchakis (1982) demonstrate tt
if two agents, with different information sets, communicate their posteriors ba
and forth, they will eventually converge to a common posterior. McKelvey ar
Page (1986) extend these results individuals and show that public announce-
ment of posteriors is not necessary for convergence; the public announcemel
aggregate statistics can have the same effect. However, if the information e
person observes is sufficiently complex, the number of iterations required to
tain convergence will be large and the amount of information conveyed in eg
iteration will be small.

As Morris (1995) persuasively argues, there is nothing in Bayesian decision t
ory or standard theories of rationality that requires agents to have the same pri
There is a long tradition in economics of allowing for differences in prior belief:
For example, the Arrow—Debreu—Mackenzie (ADM) model and the fundamen
theorems of welfare economics allow for different priors. The well-known mod
of stock market resource allocation developed by Diamond (1967) has this feat
A number of important finance papers such as Lintner (1965) and Ross (1976) I
also allowed for differences in prior beliefs. A more recent example is Harris a
Raviv (1993). Kandel and Pearson (1995) provide empirical evidence that trad
around earnings announcements is due to differences in priors.

The common prior assumption is appropriate when information is plentift
a large amount of experience has been accumulated, and posterior beliefs |
converged. This is the type of situation to which standard finance models ap
However, it can be argued that the common prior assumption is not appropr
when considering new industries such as biotechnology and new technologies
as personal computers. Casual empiricism suggests that there is a wide variati
views on the effectiveness and value of an innovation immediately after the ini
vation has occurred. Since the amount of data available based on actual experi
with new products or technologies are nonexistent or small, such differences
views would appear to be due to differences in priors. In this case, thdikersity
of opinionand peopleagree to disagree

Market finance is identified with situations in which investors become informe
and then decide individually whether to contribute to the funding of the projec
Examples of market finance include IPO’s, the private equity market and vent
capital firms. Venture capital firms have some of the features of markets ¢
intermediaries, but we include them in market finance because of their size. -
number of investors in a single firm is relatively small and there is a large numt
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of firms to choose from, so there is likely to be homogeneity of beliefs among 1
investors in a single firm. Intermediated finance is identified with large institutior
such as banks, where there is likely to be heterogeneity of beliefs.

When a new industry starts up, there are several types of uncertainty. In addi
to uncertainty about the effectiveness of the technology, there is uncertainty al
the best management strategies to follow and the consequences of each str:
We argue below that markets have considerable advantages in such situat
A large number of people participate directly in the investment decision. This
costly because each investor has to acquire the information to make the deci:
but it has the great advantage that each investor makes his own decision bas
his own information and his own prior. This ability to agree to disagree allov
innovative projects to be financed.

The nature of intermediated finance is different. The decision to invest ir
projectis delegated to a manager. Funds can be allocated to a project evenif sol
the investors providing the funds think the projectis a bad one. The advantage o
intermediary is that it economizes on the acquisition of information, because o
the manager needs to become informed (cf. Diamond (1984)). This is fine wi
investors have homogeneous beliefs. The problem arises when there is diversi
opinion. Even if the manager does his/her best to choose projects he/she hon
believes are profitable (i.e., there is no principal-agent problem in terms of effo
diversity of opinion implies that some providers of finance would disagree wi
those decisions even if they had the same information as the manager. If
probability of disagreement is sufficiently high, the investors may be unwilling
provide funds in the first place. Thus, intermediated finance may result in unc
funding of innovative projects.

Our paper is part of the growing literature analyzing the ways in which di
ferent countries’ financial systems operate and on the design of financial syst
(see Boot and Thakor (1997a,b) and for a survey Thakor (1996)). Allen (19
contains a general verbal discussion of the differences between markets and i
mediaries in the funding of new industries and technologies but does not deve
a formal model. Bhattacharya and Chiesa (1995) and Yosha (1995) considel
advantages of financing R&D using bilateral financing (one lender) comparec
multilateral financing (many lenders). They do not consider the role of divers
of opinion. Berk, Green, and Naik (1997) analyze how R&D projects should
valued but are concerned with the extent to which risk is systematic rather tl
differences in views. Our analysis is also related to Manove and Padilla (19
and DeMarzo, Vayanos, and Zwiebel (1998). Both of these papers consider n
els where agents have different priors initially and update in a Bayesian man
However, in both cases agents are irrational in that they do not use all the in
mation available to them in an optimal way. In our analysis all agents are fu
rational.

In the rest of the paper, we address the following questions:

e How can diversity of opinion be modeled consistently with a rationa
Bayesian approach?



FINANCING OF NEW TECHNOLOGIES 71

e What is the optimal institution for providing finance, markets or interme
diaries, and what factors determine the optimal choice?

In Section 2 we present a model of information acquisition in the presence
diversity of opinion. In Section 3 we compare market and intermediated finan
Section 4 analyzes equilibrium when investors can choose the form of inve
ment and characterizes the efficiency properties of equilibrium. Some conclud
remarks are contained in Section 5.

2. AMODEL OF DIVERSITY

In this section, we describe a formal model of information acquisition in th
presence of diversity of opinion. A new industry is being established in whic
there are large numbers of investment opportunities. Because investors have
ferent prior beliefs, they will interpret information differently. Some investors wil
become pessimistic and refuse to invest when presented with detailed informa
about a project. Others will interpret the same information as grounds for optimis
Before investors have seen the information, they do not know how they will re:
and we can simplify the analysis by assuming that investors are ex ante identi
that is, they have the same probability of becoming optimists or pessimists. T
importance of assuming heterogeneous priors is not that it implies different beli
about the profitability of the project ex ante, but rather that it allows investors, afi
being presented with evidence, to agree to disagree.

We start with the simplest case, a single project which is small relative to t
amount of funds available.

e There is a continuum of risk neutral investors with number (meaddrge)
each with a single unit of capital to invest.

e There is a single project requiring an inputiafinits of capital. The project
is initially owned by an entrepreneur who has no capital and seeks financing fr
investors.

e Itis assumedl > | so that the entrepreneur obtains all the surplus fror
the project and investors obtain their opportunity cost. For simplicity, the investo
best alternative is assumed to be a safe asset with a zero rate of return (one ut
investment yields a gross return of one unit).

e The investors initially have symmetric beliefs about the profitability of th
project. They can obtain more information about the profitability of the proje:
before the investment decision by paying a aost0. After paying the cost, the
investor is either in a state optimismabout the project and thinks the expectec
return per unit of investment id > 0, or he is in a state ggessimisnand thinks
the expected return is < 0 per unit of investment. These returns are net of th
original investment. The probability that an informed investor is an optimist
denoted byx. If the investor does not pay the cashhe does not find out whether
he is an optimist or pessimist until a later date well after the investment decis
has been made.
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FIG. 1. The time structure of beliefs.

Figure 1 shows the sequence of events. At the initial date), all investors
lack information about the detailed characteristics of the new project. At d:
t =1 some details of the new project appear. An investor then has two poss
courses of action. The first is to remain uninformed about the project. This opt
is represented by the left hand branch in Fig. 1. The second is to pay a fwost
become informed about the details of the project. This option is representec
the right hand branch. Paying the costllows investors to discover whether they
are optimists or pessimists before the investment decision. Although the inves
receive the same information they interpret it differently. As a result they ha
different beliefs and agree to disagree. The important point is that, until they |
the costt and acquire some information, they do not know whether they will rea
optimistically or pessimistically to the information available. All they can dois't
assign probabilities to the expected paydffsand L. Initially (at date 0), every
investor assigns the same probability to becoming an optimist or pessimist bec:
they do not yet know their true “type.”

Diversity of opinion implies that informed investors do not necessarily agre
We measure the degree of diversity using the probability that a randomly selet
informed investor will disagree with an optimist.

o If a randomly selected, informed investor is an optimist, the probabili
that another, randomly selected, informed investor agrees with him is denote
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B. In other wordsg is the probability that both investors are optimists, given the
the first one is.

The profitability of delegating the investment decision to a manager of an int
mediary depends on whether the beliefs of informed investors are correlatec
post. We can think o as a measure of correlation among the investors’ belief
alternatively, we can think of £ 8 as a measure of diversity of opinion. To see
this, suppose that we select two investors at random from the entire populatio
investors. Their belief types (optimist or pessimist) can be represented by ranc
variablesX andY that take the value one if the corresponding agent is an optimi
and 0 if he is a pessimist. Then it is easy to show that

co[X, Y] = E[XY] — E[X]E[Y]
= Ol(ﬂ - O‘)v

wherea < 8 <1, the covariance is zero if and onlygf=«.

The parametep is important because delegation is profitable if and only i
the event “becoming an optimist” orrelatedacross investors. If these events
are independentx(= 8), the manager’s opinion is uncorrelated with the opin
ion of the investors in the intermediary. In that case, intermediated finance w
delegated decision making is no better than uninformed finance. Conversel
positive correlation between the manager’s opinion and the opinion of the otl
investors § > «) allows for profitable delegation, because the informed manag
can make a decision that is more representative of the agents’ ex post beliefs
the (uninformed) agents can.

To see the relationship betweemndg when they are not equal, it is helpful to
develop a concrete example of a stochastic structure. For a given project, sup
that the investors are randomly divided into two groups, one containing a fract
1/2 <y <1 of the population and the other containing J. Imagine the popula-
tion being distributed uniformly on a circle of radius= Ml /27, whereMI is the
measure of investors in the economy and the circumference of the circle. Apoir
is chosen randomly on the circle is uniformly distributed on the circle) and then
yMI investors are counted off in a clockwise direction and put into the majori
group. The rest are put into the minority group. By symmetry, every investor h
the same probability of being in the majority.

The beliefs of the majority are the opposite of the minority’s. If the majority ar
optimists, the minority are pessimists, and vice versa. Suppose that the majc
is optimistic about the project with probability<0s < 1. Then the unconditional
probability of any investor being optimistic is

a=y5+@Q—y)1-29).

The first term is the probability of being in the majority and the majority bein
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optimistic. The second term is the probability of being in the minority and tt
minority being optimistic.

For afixed value of, the probabilityx of being an optimistincreases witland
lies between (% y) andy. Intuitively, a lot of diversity { close to 1/2 so that the
majority and minority are roughly equal) restricts the value & lie close to 1/2.

Now suppose that an informed investor is optimistic. What is the probabil
that he is in the majority? By Bayes’ rule, it is equal to the probability that he
optimistic and in the majorityy 8, divided by the probability that he is optimistic,
a. Then the probability that a randomly selected investor agrees with an optimis

1) 1)
o o

since they agree if they are both in the majority or both in the minority, and t
probability of the optimist being in the majority {85/« and the probability of a
randomly selected investor being in the majority isSubstituting the expression

for o we obtain
5 1-y)1-
ﬁ:y_y+(( X ‘”)(1_,/)
o o

_yB+A-y)A-9)
s+ (A-y)A-9)

For a fixed value o8, 8 is a convex function of,. If y is equal to 1/2 (resp.,
1) then it is easy to see thatis equal to 1/2 (resp., 1). For any valueyotrictly
between 1/2 and 1, the numerator is less thém + (1 — y)(1 — 38)) = y«, since
y > (1—y), soB < y. The relationship betweetandy is shown in Fig. 2.
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FIG. 2. The relationship betweefandy.
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This structure makes clear that if there is a group of people there is a posi
correlation between the type of a randomly chosen person and the type of
other people in the group. If the randomly chosen person is an optimist, the
is likely that the majority of the group are optimists. Similarly, if a randomly
chosen person is a pessimist it is likely the majority are pessimists. As we sl
see in the next section this can lead to intermediated finance with delegation be
optimal.

3. MARKET VERSUS INTERMEDIATED FINANCE

Direct or market financés identified as a situation in which investors become
informed and then decide individually whether to contribute to the funding of tt
project.

Intermediated finances identified with a situation in whiclh investors form
a consortium. One of their number is designated asmtheager He or she be-
comes informed and decides whether to invest in the project on the basis of
information, while the rest of the group remains uninformed. The fact that the
is a positive correlation between the manager’s type and the types of the of
members of the consortium means that, on average, the manager makes a r
sentative decision for the group. If the manager finds out he or she is an optirr
it is likely that a majority of the rest of the consortium are optimists so each uni
formed person’s expected utility as well as that of the manager is maximized
investing. On the other hand, if the manager finds out he or she is a pessimist,
expected utility of each member of the group is maximized by not investing. T
assumption that only one member of the consortium becomes informed is cle:
special. There might exist situations in which it would be optimal for any finit
number between 1 andto become informed. Here we simplify the problem by
assuming that only one member becomes informed. One possible justification
this assumption is the existence of monitoring costs. The larger the number of m
agers (informed members of the consortium), the smaller the influence of any
manager’s information and the greater the incentive to “free ride” by not acquiri
information at all. If managers have to be monitored in order to make sure tl
they actually become informed and if the marginal costs of monitoring additior
managers are increasing, it may be optimal to have a small number of manac
A consortium with a single manager is a limiting case when monitoring costs ¢
high.

Market finance can be thought of as raising money in public stock markets
in private markets. Intermediated finance can be thought of as bank finance. S
the bank provides all the finance and the entrepreneur has no collateral there i
difference between risky debt and equity in the model.

Since there is only one project and a large number of potential investors, cc
petition among investors ensures that the surplus will all go to the entrepren
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However, since we are only interested in determining the efficient form of finar
there is no loss of generality in assuming that the surplus goes to the entreprel

An investor who does not finance the project receives a net return of 0.
uninformed investor expects the project to earn a net return of

W =aH+(1—-a)L.

Even if this return is positive, the investor may be able to do better by becom
informed.

Under market finance, each individual who wishes to become informed m
pay the cost. After becoming informed, an investor will invest in the project if
and only if he is optimistic. Thus, the payoff to becoming informed is

Vu=aH+(1-a)0—c=aH—c (1)

since with probabilitye he or she becomes an optimist, has an expected ret
H > 0, and invests in the project, with probability {lx) he or she becomes a
pessimist, has an expected retlrr: 0, and does not invest, and in either case h
or she pays the cost

Suppose next that a financial intermediary is formed. In order to be able
fund the project, the consortium must contdimembers. The formation of an
intermediary makes no difference if the intermediary does not become informec
we always assume without loss of generality that the manager becomes inforr

The typical investor’s views on the payoff to the intermediary are determin
by considering his or her own possible beliefs if the investor were to become
formed and weighting each possibility by the appropriate probability. In particul
the typical investor does not know whether he or she would agree with the man:
if the investor were to become informed at this stage, and this must be taken
account in evaluating the payoff to joining the consortium. If the manager
optimistic then the expected return to investment for an uninformed investol
BH + (1 — B)L, since the probability that the investor will agree (will be an opti
mist) is 8. On the other hand, if the manager is a pessimist, the expected retur
investment for an uninformed investorgsH + (1 — B’)L, whereg’ is the proba-
bility of disagreement when the manager is a pessimist. We can calculate the v
of B/ to be

, _y(@—9) y(1—9)
p= ﬁ‘l—y”(l‘ﬁ)V

and show that
BAH+@A-pB)L <BH+(@A-B)L

becauses’ < 8.
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Information is valuable to the intermediary only if the investment decision d
pends on the outcome of obtaining information. We therefore focus on the ¢
where

BH+@1-p8)L<0<pBH+(1-p)L. (2

Thus, if it is worthwhile forming an intermediary at all, the return conditional ol
the manager being optimistic (resp., pessimistic) is positive (resp. negative)
everyone agrees to invest in the project if and only if the manager is optimist
Under this decision rule, the payoff is

Vi =a(BH + (- HL) + (-0 - ®
— a(BH +(1—,8)L)—IE, (4)

since the manager is optimistic and decides to invest with probadbitiyd, given
that the manager is optimistic, the expected return to a randomly selected inve
is BH + (1— B)L. With probability 1— « the manager is pessimistic and does no
invest. In every case the investor has to pay his or her stidref the information
costs.

When (2) is satisfied, the views of the manager and the uninformed investors
whether or not to invest are perfectly aligned. Itis the positive correlation betwe
the manager’s type and the uninformed investors’ types that leads to this unanir
before the investment decision is made. When the investors in the intermed
who did not pay the costfinally find out whether they are optimists or pessimists
there will be disagreement but this will occur long after the investment decisi
has been made.

A Comparison

The payoffs from different forms of financing can be summarized as follows

(i) No investment 0
(ii) Uninformed investment Vy =aH + (1 — @)L
(iii) Market investment Vv =aH —c

(iv) Intermediated investmentV, = «(BH + (1 — B)L) — c/I.

Obviously, the form of financing with the highest payoff will be chosen. Comparir
Egs. (1) and (4), market finance is preferred to intermediated finance if and o
if the following inequality is satisfied:

aH —c> a(BH +(1—/5)L)—|5. (5)

Then we have the following result.
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PropPoOsSITION1. Market finance is strictly preferred to intermediated financ
if and only if

a(1— B)(H —L)>c_|9,

and intermediated finance is strictly preferred to market finance if and only if t
reverse inequality is satisfied.

The termx (1 — B)(H — L) on the left-hand side of the inequality in the proposi
tion can be interpreted as the difference in the expected returns under direct an
termediated finance, arising because of misalignment of the investor’s preferel
under intermediated finance. The tewi — 8) is the probability of investment in
a project about which the investor is pessimistic. The term L is the loss that
results from investing in a project the investor is pessimistic about rather than
he or she is optimistic about.

The termc —c¢/I on the right-hand side is the difference in the informatiol
costs of direct and intermediated finance. The inequality makes clear the trade
involved in the two types of finance. It indicates that the factors that determi
which form of finance is preferred are the following.

1. The ex ante degree of optimism,

2. The diversity of opinion, + 8.

3. The difference in the estimated mean returns of optimists and pessimi
H-L.

4. The cost of informatior and the number of people

An increase in the degree of ex ante optimigneeteris paribus, makes it more
likely that market finance will dominate intermediated finance. An increage in
increases the left-hand side term of @1 — c by H but it raises the right-hand
side by onlyBH + (1 — B)L < H. The higher the degree of ex ante optimisn
the greater the expected payoff when an investment is market financed, bec
everybody who is an investor is optimistic. On the other hand with intermediat
finance only a portion of investors agree with the managers’ decision and so
increase in the expected payoff to the investors is less.

The higher the degree of diversity of opinior-18 (i.e., the lowerB), ceteris
paribus, the more likely it is that market finance is preferred. The payoff fro
direct or market finance (the left-hand side of Eq. (5)) is independetiaoi the
payoff from intermediated finance (the right-hand side of Eq. (5)) is increasing
B, so there will be some critical valy#, depending on the other parameters, suc
that market finance is preferredgf< g* and intermediated finance is preferrec
if B> B*. When people disagree, markets work well because only those pec
who are optimistic end up investing so the expected payoff of investors is hi
With intermediated finance, investors rationally anticipate that there is a signific
chance they will disagree with the manager who actually makes the decision
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course, they do not actually acquire the information before the investment decis
because it would be costly, so a disagreement does not actually occur at the
the investment is made.

An increase in the difference in estimated mean returns of optimists and p
simists,H — L, ceteris paribus, increases the left-hand side teftn- 8)(H — L)
in the condition in Proposition 1 but leaves the right-hand side terna/1 unaf-
fected, so it makes market finance more likely to be preferred. With market finan
only the optimists’ estimate matters because only optimists invest. However, w
intermediated finance both optimists’ and pessimists’ estimates matter becaus:
manager may invest even when an investor disagrees with his or her view. A
result, an increase iH — L makes intermediated finance relatively less attractive

The greater the cost of acquiring informationand the larger the number of
people required to provide finande ceteris paribus, the more likely it is that
intermediated finance will be preferred. The whole advantage of intermedia
finance is that it allows information costs to be shared by delegating the decis
to the manager while market finance requires everybody to become informed.
largerc and | are the greater the benefit from sharing the cost. An increase
c increases the right-hand side of the condition in Proposition 1 but leaves
left-hand side unaffected. So there is a critical vatisuch that market finance is
preferredifc < ¢*, and intermediated finance is preferredif c*. Of course, if the
cost of information is high enough, it may be optimal to invest without informatio
or it may be optimal not to invest at all.

In order to see the operation of the model consider the following numeric
example.

ExAMPLE 1.
H=10; L=-10; §=05, a=05; | =3.

The trade-off between diversity of opinighand the cost of informatioain the
context of this example is illustrated in Fig. 3. Givéa: 0.5, « is independent of
y and remains fixed at 0.5. Asvaries between 0.5 and #,also varies between
0.5 and 1. The first thing to note is that

Vy = 0.5 x 10 + 0.5 x (—10) = 0.

Hence there is no uninformed finance in this case. When there is significant diy
sity of opinion (i.e.,8 close to 0.5) and the cost of information is high, there will
be no finance for the project rather than uninformed finance. This outcome occ
in the bottom right-hand region. Market finance occurs in the bottom left-ha
region when diversity of opinion is high and the cost of information is low. Now

Vu =05%x10-c=5-c
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FIG. 3. Example 1. (—), Example 1; (---) increasedror H — L; (——-) increase in.
so the boundary between the market and no finance religrsO0 is
c=>5.
Also,
c c
V) = 0.5[810+ (1 — B)(—10)] — 3= 108 —5— 3

so the boundary between the intermediated finance and no finance regiois
is

= 1 N c
2 30
Finally, the boundary between intermediated and market fingneeVy, is

c
p=1 15
Thus, intermediated finance is optimal in the top region where there is wide agt
ment and costs are high.

Figure 3 provides a graphic summary of the circumstances in which each typ
financing is optimal. Market finance is superior when there is diversity of opini
and costs of information are low. Intermediated finance is best when costs
information are high and there is not much diversity of opinion. The projectisr
financed if there is diversity of opinion and costs of information are high.

The effect of increasing the ex ante degree of optimison Fig. 3 can easily be
seen. Wheum is included explicitly the three boundarigg =0; V|, =0; V|, =Vu
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become, respectively,

1 c c
¢ = 10, ’3_2+60a’ =1 30

It follows that asx increases th&/,, = 0 boundary shifts to the right, thé =0
boundary rotates downward and tie= V\, boundary rotates upward. The inter-
section of the three boundaries always occurg @t2/3. Hence, the area where
market finance is used increases, as does the area where intermediated finau
used. The area where no finance is made available shrinks. This change is i
trated in Fig. 3 with the higher value af being represented by the short dottec
lines.

Next consider what happens if the difference between the optimists’ and p
simists’ estimatesH — L, is increased. The simplest way to do this is to se
L = —H and increasél. Returning to the original values of the other parameter:
the three boundarieg, =0, V|, =0, andV, =V, now become, respectively,

1 C 2c

c=05H, 8= 2+3H’ =1 TR
It can be seenthatthe effect of increaskhg- L is similar to the effect of increasing
a. The changes can again be illustrated by the short dotted lines in Fig. 3. The
of markets and intermediated finance is increased while the circumstances wi
the project is not financed are reduced.

The remaining parameter is the number of people in the consortiu@bvi-
ously theVy =0 boundary is unchanged. The boundariesfioe 0 andV, = Vy
now become, respectively,

_l (o _1 1 1\ c

Both boundaries rotate downward as the number of people in the consortiur
increased. As might be expected, the use of intermediated finance increases v
market finance is used less. The no-finance areais also smaller. The new bound
are illustrated by the long dotted lines in Fig. 3. As one might expect, increasi
the size of the consortium increases the effectiveness of intermediaries.

It has so far been assumed that the optimal type of finance is used, market fin
if that is superior and intermediated finance if that is superior. In many countr
the institutional settings are such that both systems do not exist side by side.
example, in Germany the possibilities for most companies to access capital mar
are nonexistent or very limited. There are a number of possible explanations for
absence of markets, including government regulation or fixed costs that prev
markets from developing. One important implication of the analysis underlyi
Proposition 1 is that if intermediated finance is used not because it is superior
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because market finance has been artificially discouraged, innovative technolc
where there is diversity of opinion and a high degree of risk is involved may
underfunded. In the context of Example 1 above, an intermediary-based finar
system would not fund projects in the shaded area in Fig. 3. In contrast a mar
based financial system would provide finance for these projects. This suggests
ensuring market finance is available can be important for establishing new F
technology industries where there is significant diversity of opinion and costs
becoming informed. The welfare properties of the model are discussed furthe
the context of a more fully developed model below. However, this observatior
of interest from a positive perspective.

Example 1 had the special feature that uninformed finance was not worth-wt
Consider the following case.

EXAMPLE 2. As in Example 1 except = —6.
H=10; L=-6; §=05 «=05; | =3
In this case
Vy =05x%x10+ 05 x (—6)=2.

The analysis is the same as before except now the best alternative is uninfor
finance rather than no finance. The optimality of market and intermediated fina
compared to uninformed finance is shown in Fig. 4. The effects of changing
other parameters are similar to those for Example 1. Figure 4 illustrates that the
ference between uninformed finance and no finance is not material in this cont
It will be seen below that this is not the case when search is introduced.
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FIG. 4. Example 2. (—) One project, (- - -) equilibrium with search.
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4. EQUILIBRIUM WITH MANY PROJECT TYPES

In the previous section, we analyzed the problem of choosing between dir
finance and intermediated finance when there was a single project to be funde
this section, we extend the analysis to a market in which there are many project
different types to be funded. This raises new questions and requires us to dev
an account of search equilibrium where investors and projects are matched.
make the following assumptions to do this.

e There areK different types of project& =1, ..., K. For eactk there is a
continuum of ex ante identical projects with the paramet@ysfx, C«).

e The number (measure) of consumerdvis so that the total number of
projects that can be fundedi4. There areNy projects of typek and the number
(measure) of projects N = Y Ny > M.

Because there is an excess supply of projects and the investors who have acq
information have heterogeneous beliefs about their profitability, investors mi
search in equilibrium to find the project they would like to invest in. To simplify
the analysis, we impose assumptions that guarantee that the environment ren
stationary over time.

e There is a sequence of dates 1, 2, ... and at each date there is a conti-
nuum ofN projects characterized by the parametets gk, c) and a continuum
of Ml identical investors. To keep the population of projects constant, we assu
that as soon as a project is funded, it is replaced by an identical project. Simila
to keep the population of investors constant we assume that as soon as an inv
funds a project, he or she is replaced by an identical investor. The total demanc
finance in any period remains constaniaand the total supply remains constant
atMl.

e Entrepreneurs are passive. They simply allow investors to investigate
project and fund it when enough willing subscribers have been found.

e An investor can investigate one project per period and continues to sea
until he or she finds a project that he or she wants to finance. There is no discount
so investors are indifferent about how long it takes to find a project, but we assu
that they do not delay unnecessarily.

e Investors, individually or in consortiums, are randomly matched with pre
jects. Since there are more projects than can be financed with the available cay
every investor who wants to invest can find some project to invest in.

e Some types of project will be more profitable than others, but since tl
number of each type is limited, the entrepreneurs who own the more profita
types of project are able to collect some rents. Investors first acquire informat
and then, if they become optimistic and wish to invest, they make a side paym
px to the owner of a project of typk in addition to the capital needed for the
investment. The price of each type of project and the equilibrium payoff to tl
investors are jointly determined in equilibrium by the marginal type of project th
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is just worth financing. The net prigay is expressed in per capita terms, so th
total revenue to an entrepreneur froanmvestors ispx| . Entrepreneurs of typle
will be indifferent about financing their projectspf = 0. Likewise, investors will
be indifferent about supplying finance if the expected net return from the optin
form of finance is zero.

The payoff to no investment is zero, as before, and the payoff to uninforn
investment in a typé-project is

VY =akH + (1 —a)L — pr.

Let V* denote the value of continuing to search in equilibrium. It will also be tt
equilibrium payoff for the typical investor. Suppose an investor chooses mar
finance. Each time an investor evaluates a new project ofkypeost ofcy must
be paid. Then the payoff will be

VM = ag(H — p) + (1 — ) V* —

since with probabilityyy the investor becomes optimistic and invests in the curre
project so the surplus isl — px, with probability 1— « the investor becomes
pessimistic and continues to search. In either case the investor pays tlg. cos
Market finance is optimal if and only ¥* = VM, that is,

V= H = po— =, ®)
ok
Comparing this with the value of the project with market finance in the previo
section in (1) and takingy =0 as it was there, it can be seen that the value
higher (provided itis positive). The reason is that every investor undertaking see
will inevitably find a project which they are optimistic about. The expected payc
therefore rises fronaxH to H. In addition, costs are higher because on averag
information will have to be acquired/& times but this effect is less than the
increase in expected revenue provided the project has positive value.
Similarly, intermediated financing of a typeproject yields

Vi = aw(BiH + (L= BOL — P+ (L— aVv* — T,
since with probabilityx, the manager is optimistic and finances the project, give
he or she finances the project the typical investor's expected retdgiis- (1 —
Bk)L — pk, and with probability (1 k) the manager is pessimistic and continue
searching, and in any case the investor has to pay a shareof the cost of
information. Intermediated financing is optimal if and only/if = V!, that is,

C
Ve = BcH + (1 — Bl — px— —.
Olk|
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Again this is higher than the value in (3) because the investor knows the interr
diary will fund a project for sure and will incur total expected costgQty so
the investor’s share is /ol .

For any project type that does receive funding, we must lppve0 andV* =
max(ViY, VM, V) }. LetV{ =V + pi, VM = VM + peandV] =V, + p«. Then
from the expressions above, it is clear that

P = max{ v, Vi, Vi — v,

To determine the equilibrium prices and the allocation of investments, we ne
only determine the equilibrium payoff for the investdfs, since this immediately
determinegy and that in turn tells us which projects are financed and the form
financing adopted in equilibrium.

For any value ofv*, there is a set of project& ™ that are strictly profitable
(px > 0) and a set of projecti© that are weakly profitablepg = 0). In order to
have equilibrium in the market for firms, the number of investors searching mi
equal the number of profitable financing slots. This will be true if

ZNkaf ZNk+ZNk,

keK+ keK+ keK?O

since the projects of tygee K+ must be financed and the projects of type K °
may or may not be financed in equilibrium. Since the piigds continuous and
decreasing ir'V*, we can find a unique valué* such that the market-clearing
inequality is satisfied if a weak profitability condition is satisfied, for example,

0< max{VkU , ak\7kM, ozk\A/kI }

for eachk, or at least for enough types to provide more tivdustrictly profitable
projects. Technically, one needs, . Nk > M for V* =0, since individual ra-
tionality requiresV* > 0 in any equilibrium.

We can extend Examples 1 and 2 to illustrate the structure of this kind
equilibrium. Initially, consider the case whelke=1 so there is only one type of
project. Since the number of projects is larger than the number that can poss
be financed, the investors will receive the surplus. The entrepreneurs will rece
their opportunity cost of zero for their projects apg= 0. The expressions for the
values of the projects with the different types of finance are then the same a
Section 3 except that they are divided through#oyrhe boundaries are identical
to those in Fig. 3. To see this, note that the boundary between market fina
and intermediated finance is defined by the condition ¥¥t=V/, which is
equivalent taxVM =V, , the boundary condition in the single-project case. Th
boundary between market finance and no finance is defingff'by 0, which again
is equivalent taxV,! =0, and the boundary between intermediated finance at
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no finance is defined by, = 0, which again is equivalentV, =0, the boundary
condition in the single-project case.

The comparative statics of changing the other parameters are also similar tc
previous section. When the best alternative is uninformed finance as in Examg
there is a difference. Here the comparison of market and intermediated fina
is with uninformed finance, which has a payoff\f = 2. Now the fact that the
expressions are divided layis significant and the boundaries are marked by tt
dotted lines rather than the solid lines shown in Fig. 4.

Next consider the case whelke> 1. Suppose that projects are identical excej
they possibly have different values gf andci. This means that the optimal type
of finance is shown in Fig. 3. Consider first a situation with two types of proje
which are both optimally financed by markets and which simply differ with rega
to the degree of diversity of opinion.

ExampLE 3. Asin Example 1 except that there are two types of projects, wi
parametersf, c1) and (B2, Cz) respectively.

H=10;, L=-10; §=05;, a=05; | =3;
B1=05, cg=4; B=05 =3

It can be seen from Fig. 3 that both projects will use market finance. Mol
over VM =10-4/0.5=2 andV,! = 10— 3/0.5=4. Here the initial owners of
Project 2 will earn arent. The payments received by owners of Project; ar@
since they are the marginal project. The owners of Project 2 are able to chz
po=VM —VM=4_2=2. The investors receive a net return\6f = VM =2
from both projects.

There are of course many other possibilities even with only two types of projec
In addition to having both types use the same method of finance, it would
possible to have one using intermediated finance and the other market fina
with the rents earned by entrepreneurs depending on which is the marginal pro
The next example illustrates these possibilities.

ExamMPLE 4. Asin Example 3 except that there are two types of projects, wi
parametersfs, cs) and (B4, C4), respectively.

H=10; L=-10; §=05; a=05; | =3;
B3=2/3; C3=4;, Pa=3/4 =3

For Project 3VM =10—4/0.5=2 andV, =(2/3)10+ (1/3)(—10)— 4/(0.5 x
3)=2/3 so market finance will be used. For PrOJect@" =10-5/0.5=0and
V4I =(3/4)10+ (1/4)(—10)— 5/(0.5 x 3)=5/3 so intermediated finance will be
used. It can be seen that Project 4 is the marginal projegpi s00. The owners of
Project 3 are ableto chargeg =2 — 5/3=1/3 and the investors receiV& = 5/3.
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Examples 3 and 4 illustrate two possible equilibria when there are many tyy
of project. There are, of course, many other examples that could be develoy
However, these two illustrate the main features of this type of equilibrium, whi
were not present in previous sections. These are the determination of thegent
received by the owners of the different types of project and the return received
investorsv*.

Finally, consider the efficiency of equilibrium. At the initial date all investors
hold the same beliefs concerning their type. After the new industry technolo
has been discovered and after they have expended a cost acquiring informe
they discover whether they are optimistic or pessimistic. This structure simplif
the welfare analysis of the model since ex ante every-body has the same expe
utility. It is sufficient therefore to focus on the representative investor at the initi
date.

Since all investors are risk neutral, an equilibriunefécientif the method of
financing each type of project in equilibrium maximizes the surplus. The surpl
is the sum of the price paid to the entreprenpuiand the payoff to the typical
investor. Since

vV =max{Vy, V¥, Vil - pi,
the surplus from financing the project is
V* + pe=max{ VY, Vi Vi)

so the method of financing is clearly chosen efficiently in equilibrium.

Efficiency depends on a number of special features of the model, and may
be robust to plausible extensions of the model. In particular, the linearity of t
financing technology and the risk neutrality of investors are critical to the efficien
of equilibirium.

5. CONCLUDING REMARKS

There is no reason to think that one method of financing will be optimal f
all projects. On the contrary, different parameteris Bk, ck) will make different
types of finance optimal, as Example 4 in the previous section illustrated. Si
predominance of one type of financing, market or intermediated, throughout
economy, is unlikely to be efficient, at least in the context of the current mod
In some countries, such as Germany, there appears to be a predominance ¢
termediated finance. In other countries, such as the United States, markets p
more prominent role. One possible explanation is that restrictive regulations n
have prevented the development of markets in Germany. Another is that fixed c
of setting up markets may result in multiple equilibria, one in which market f
nance predominates and another in which intermediated finance predominates
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Pagano (1993) and Subrahmanyam and Titman (1999)). Once one institutic
form has been established, perhaps as a result of historical accident, incree
returns to scale give it an advantage that may prevent the establishment of a ¢
peting form. In this kind of situation, there is no reason to think that the obser
predominance of one form of finance is optimal. If the German financial syst:
developed in this way, the absence of markets may represent a loss of welfar
the context of Example 1 it was pointed out that, under certain conditions, in
vative new projects will not be financed by intermediaries, but will be financed
markets. If each generation is weighted equally then in the long run the sys
with markets will predominate because of technological progress.

The model developed has a number of testable implications. In particular
financial systems where bank and market finance coexist there should be sys
atic differences in the types of new technology that are financed through each.
model implies market-financed projects will be characterized by considerable
versity of opinion about their likely commercial success and the technologies tl
are based on will be relatively cheap to assess. On the other hand, bank-fina
projects will be characterized by uniformity of opinion and the technologies th
use will be relatively expensive to assess.

The polar case where entrepreneurs have no funds of their own and all fund:
provided externally was considered above. In this situation there is no distinct
between risky debt and equity, and contract form is not an important issue
entrepreneurs have some funds of their own but need some external financ
addition, then the contract form will matter. In this case risk free debt can be u:
at least partially and this will not be affected by diversity of opinion. As a rest
debt or a combination of debt and equity may be superior to equity alone. Wi
entrepreneurs can entirely self-finance, everybody will be able to back their c
views and diversity of opinion will not matter.

The delegation model of intermediation developed above is essentially a fc
of principal-agent model. This observation suggests that the techniques use
this paper may be applicable in a wide range of principal-agent relationships.
basic assumption of the standard approach is that priors are common. Howeve
many of the standard applications it is not at all clear that this is valid. For examy
in many of the classic principal-agent relationships, such as those between do
and patients, lawyers and clients and managers and shareholders, there may
be diversity of opinion between different parties because of a lack of actual d
We believe that incorporating the possibility for differences in beliefs into tt
standard principal-agent model and its many applications is an important are:
future research.
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