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1 Introduction

Information is the primary output of the securities industry. Investment research is perhaps the most visible

and controversial example of the industry’s information production. A substantial academic literature

identifies systematic biases in analyst research [See Hong and Kubik (2003)] and recent investigations

led by the New York Attorney General’s office and the Securities and Exchange Commission produced

evidence that some biased research was linked to conflicts of interest within the organizations producing the

research. Conflicts arise because of the public good nature of information: once produced and revealed to

one party, it is difficult to exclude others from using the same information. As a consequence, information

production most often is bundled with other financial products and services over which exclusive use

rights are more readily established. In this paper we examine the traditional organizational structure for

producing investment research and the potential consequences of unbundling production of research from

other products and services.

Although there are specialized firms, like Sanford Bernstein and Value Line, for which investment

research is the primary output, most securities firms bundle research with other products and services either

on the buy-side or the sell-side of the market. Sell-side firms, such as investment banks and brokerage

firms, produce research for both wholesale (institutional investor and corporate) clients and retail clients

who typically acquire it bundled with other investment banking or brokerage services. Buy-side firms,

like mutual funds, produce their own research in addition to that acquired from sell-side producers and

bundle the research with asset management services for both retail and institutional investors.1 The model

developed in this paper enables examination of the distribution of information production across buy-side

and sell-side firms and its effects on social welfare.

In the model, there are a fixed number of identical risk-neutral information-producing agents who can

gather information about a traded risky asset. Each agent has the option to function on the sell-side (as

an analyst) or on the buy-side (as a fund manager). In addition to gathering their own information, fund

managers can buy information from analysts. Fund managers earn revenues strictly by trading in the

financial market while analyst derive revenues strictly from selling information and/or other services.

1Cheng, Liu and Qian (2003) estimate that 71% of research is produced by buy-side firms, 24% by sell-side firms, and the
remaining 5% by specialized firms.
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The main result of our analysis establishes conditions under which the analyst’s profit from selling

information is too small for any agent to function as an analyst in equilibrium. There are two forces at

work in this result. First, competition among fund managers in the financial markets, who trade on both

their own information and that acquired from analysts, limits profitable trading on information acquired

from analyst’s. Fund managers earn trading profits primarily from information produced internally over

which they maintain exclusive use rights. Second, if analyst research and fund manager research are

substitutes for one another, the limited marginal benefit of the analyst’s research to the fund manager

limits the analyst’s capacity for covering the costs of information production. This result holds in spite of

our assumption that the analyst holds all of the bargaining power in its relationships with fund managers.

Thus, in equilibrium, agents only opt to become analysts when their research is subsidized by a party

incapable of trading on the information in financial markets. Examples of such subsidy arrangements

might include tying research to investment-banking services for corporate securities issuers and fees paid

by bond issuers to bond rating agencies.

Unsubsidized analysts only exist in equilibrium if their information is complementary to that produced

by fund managers thus enabling them to extract sufficient surplus to cover information production costs.

An obvious opportunity for sustaining such independent research lies in becoming the low-cost acquirer

and distributor of factual information that complements human research analysis and for which their will

be wide demand. Presumably, analysts will find it difficult to establish and transfer exclusive rights

over factual information. Thus one would expect independent research to be a narrow-margin business

dominated by a few large-scale producers characterized by timely and efficient capacity for dissemination

of their information. Alternatively, one could imagine an independent analyst with unique skills that yield

complementary research.

Our welfare analysis explores the consequences of unbundling sell-side research from other products and

services. In our model, competition among fund managers trading on non-exclusive sell-side information

causes it to be impounded in financial market prices more rapidly than information produced by fund

managers for their exclusive use. Thus the presence of sell-side analysts increases the information content

of prices in equilibrium and thereby improves investment decisions. This implies a tradeoff largely ignored

in recent efforts to diminish conflicts of interest by separating research from investment-banking. If sell-

side research has capacity for promoting competition among fund managers in the financial markets but
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only if it is subsidized, then eliminating the mechanisms for generating such subsidies, unless they are more

costly in their own right, can undermine welfare.

The existing literature does not examine how information production in financial markets is distributed

across different types of information-producing agents. Admati and Pfleiderer [(1986), (1988b), and (1990)]

show that a monopolistic owner of information will find it more profitable to sell information (indirectly)

through a fund rather than selling it (directly) to investors who then trade in the financial markets on their

own account. Fishman and Hagerty (1995), however, demonstrate that direct sale of information can arise

when there are multiple competing informed traders. By selling his information to others, an informed

trader can commit to trade more aggressively on his own information, thus earning a larger profit.2 We

show that it is difficult to sustain independent, direct sale of information when information-producing

agents also have the option to earn profits from trading on information they produce themselves.

Our paper is also related Morris and Shin’s (2002) analysis of welfare effects of public information

when public information both conveys fundamental information to agents and coordinates their behavior.

Similar to their analysis, we study agents’ use of different forms of information when agents interact

strategically with one another. Our analysis differs in the sense that we focus on the endogenous structure

of information provision whereas they take the structure as given.

In section 2 we develop the model. Section 3 characterizes trading in the financial market, trading

in the market for information, and information-producing agents’ decisions to produce from the sell-side

or the buy-side. Section 4 studies the relation between sell-side research and the informational efficiency

of financial markets. Section 5 studies the conflict of interest in subsidized sell-side research. Section 6

extends the model to explain why independent research exists. Section 7 concludes the paper. All proofs

and other technical details are provided in the appendix.

2 The Model

The model’s economy comprises four dates, three periods and one risky asset. The risky asset’s payoff is

realized at date 3 (the end of the third period) and is denoted δ + V , where V is a known constant and δ

2Brennan and Chordia (1991) also show that charging investors brokerage commissions is a way for investors to share risk
with risk-neutral brokers. Vishny (1985) studies a brokerage firm’s incentive to sell information in order to increase market
liquidity when doing so increases potential trading commissions.
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is a random variable. The prior distribution of δ at date 0 is N(0, σ2δ). By convention, we define vδ =
1
σ2δ

as the random variable’s precision and without loss of generality assume that vδ = 1. The discount rate

across periods is normalized to be one.

2.1 Agents and Information

There are three types of risk-neutral agents in the economy: information-producing agents, market makers,

and liquidity traders. There are N information-producing agents and for the sake of simplicity we assume

that N is exogenously determined. Between date 1 and date 2, each information-producing agent receives

one signal about the asset value. The signal of agent i, i = 1, 2, ..., N , takes the form:

si = δ + εi (1)

where εi ∼ N(0, σ2i ), δ and εi are independent for any i, and εi is independent across information

producing-agents. The last assumption captures the feature that each agent has a unique perspective

about the asset value. Notation is simplified by denoting vi ≡ 1
σ2i
and we further assume that all signals

have the same quality so that vi = vj = v for any i and j. Finally, without loss of generality, we assume

that each agent’s cost of receiving the signal is zero.

Market makers set the trading price in the financial market at date 2. Liquidity traders enter the

financial market at date 2 with risky asset demand z that is normally distributed with mean zero and

variance σ2z.

2.2 Sequence of Events

At date 0, each information-producing agent decides whether to be an analyst or a fund manager.3 After

the information-producing agents specialize, there are m analysts and n ≡ N − m fund managers (m

and n are determined endogenously) each of whom observes all other agents’ decisions. Analysts cannot

trade in the financial market, but can sell information to fund managers and engage in other profitable

activities, identified as “investment banking.” Profit from investment-banking is πI and is exogenously

3For technical completeness, we assume the presence of a coordination device that tells each information-producing agent
whether he should be an analyst or a fund manager. In equilibrium, each agent finds it optimal to be guided by the
coordination device.
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determined. Fund managers cannot sell information directly, either their own or any bought from analysts,

but he can trade on behalf of clients in the financial market exploiting both information they produce and

any information purchased from analysts. The assumption that fund managers cannot directly resell

information produced by analysts effectively provides for the existence of a market for analyst research.4

At date 1, before they receive signals about the asset value, analysts try to sell their information to fund

managers in the market for information. Analyst j (j = 1, 2, ...,m) first makes take-it-or-leave-it offers

for his information to a set of the fund managers of his choice, Fj at prices p(Fj). p(Fj) is a vector whose

elements are pij , i ∈ Fj . pij is the offer price analyst j demands from fund manager i for the information.

Fund manager i (i = 1, 2, ..., n) receives offers from a set of analysts, Si, at a vector of offering prices

p(Si), whose elements are pij , j ∈ Si. Fund manager i does not observe any offers made by analysts to

other fund managers, nor does he observe the buying decisions of other fund managers.5 However, fund

manager i does form beliefs about other offers conditional on the offers he receives and conditions whether

to accept an analyst’s offer on these beliefs. If he accepts the offer from analyst j, the fund manager pays

analyst j the amount pij . In exchange for this payment, analyst j reports his signal to fund manager i. If

fund manager i declines analyst j0s offer, there is no payment and analyst j does not report his signal to

fund manager i. The set of analysts fund manager i chooses to buy from is Ai, which is a subset of Si. In

the basic model, there are no agency problems arising from conflicts of interest in the sale of information.

We study conflicts of interest facing analysts in section 5.

After date 1, each information-producing agent receives a signal about the value of the asset and

analysts report their signals to the fund managers who have paid for them. At date 2, fund managers, but

not analysts, trade in the financial market on their information, conditional on their beliefs about other

fund managers’ information and strategies. The trading mechanism is similar to that in Kyle (1985).

Fund managers do not observe current prices or quantities traded by other fund managers or by liquidity

traders. Market makers do not receive any private information, nor do they observe individual quantities

traded by the fund managers and the liquidity traders, but they do observe the total order flow, y, from all

market participants. Each trader submits a market order, xi and the market makers clear the market by

4 In practice, direct resale of analyst research is uncommon. We also abstract from the fact that modern sell-side firms
commonly have asset management divisions. Sell-side and buy-side research efforts are separated by Chinese walls similar to
those that stand between sell-side research and investment-banking divisions.

5This is the so-called privately observable contracts setting in the multilateral contracting literature. See Hart and Tirole
(1990) and McAfee and Schwartz (1994).
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Each of the N agents decides to be a 
fund manager or an analyst.  After 
their decisions, n and m are 
determined.

All signals realized;  analysts 
report their signals to 
appropriate fund managers.

Fund managers trade in the 
financial market.

Asset value  is 
realized.

Date 0

Date 1 Date 2

Date 3

Analysts make offers.  Each fund 
manager agrees or not to buy 
from an analyst.

Figure 1: Sequence of Events

supplying liquidity at a price, P2, conditioning on the total order flow y. We further assume that market

makers do not observe the composition of analysts in the economy. In other words, they do not know m,

but they infer m correctly in equilibrium. Finally, at date 3, the security value is realized and distributed.

The sequence of events is summarized in Figure 1.

2.3 Definition of Equilibrium

The equilibrium concept used here is Perfect Bayesian Equilibrium (PBE). Formally, an equilibrium

comprises the following components:

(i) Each agent’s choice of whether to be a sell-side analyst or a fund manager.

(ii) The number of analysts, m∗.

(iii) For analyst j, the set of fund managers to offer to, Fj , and the offer prices p(Fj).

(iv) For fund manager i, the set of analysts to buy information from, Ai.
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(v) The market order, xi, submitted by fund manager i to the market makers conditional on his

information.

(vi) The market makers’ pricing conditional on total order flow, y.

(vii) The analyst’s and fund managers’ beliefs about offers made by other analysts and market makers’

beliefs about the number of analysts and the information structure of the fund managers.

In an equilibrium, conditional on other agents’ equilibrium strategy, (a) each analyst (fund manager)

should find it optimal to be an analyst (fund manager); (b) based on his information and beliefs about

other fund managers’ information, fund manager i chooses the set of analysts, Ai, to buy information from

to maximize his profit (trading profit minus the cost of buying information); (c) analyst j chooses the set

of fund managers, Fj , and prices p(Fj) to maximize his total profit (investment-banking profit and profit

from selling information); (d) based on his information and beliefs about other fund managers’ information,

each fund manager submits an order to maximize his expected trading profit; (e) each market maker sets

the trading price conditional on the total order flow to maximize his expected payoff; and (f) all beliefs are

consistent with the equilibrium strategies of all the agents in the model.

In the following analysis we mainly focus on symmetric pure strategy equilibria except when we discuss

the robustness of our results by analyzing an asymmetric equilibrium. Trading in the date 2 financial

market is analyzed in the normal-linear framework.

3 Equilibrium Analysis

The equilibrium is solved by backward induction beginning with the trading game comprising the fund

managers’ trading strategy and the market makers’ pricing rule at date 2. Then we analyze date 1

trading in the market for information. Finally, we characterize the date 0 specialization decisions of the

information-producing agents and the equilibrium number of analysts.

Date 1 trading in the market for information is a multilateral contracting game with privately observable

contracts.6

Under passive beliefs, we can establish the following lemma about trading in the market for information.
6Bolton and Dewatripont (2005) provide a summary of the literature. It is well established that if out-of-equilibrium beliefs

are not restricted, there may be a plethora of PBE. McAfee and Schwarts (1994) provide an extensive discussion of reasonable
out-of-equilibrium beliefs for sharpening predictions about equilibrium outcomes, the most common of which is their passive
beliefs restriction. We adopt this convention and note that it implies that upon receiving an out-of-equilibrium offer from
an analyst, fund manager i believes that all other offers remain equilibrium offers.
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Lemma 1 Given passive beliefs, the equilibrium outcome is for all analysts to sell their information to all

fund managers.

The intuition for this result rests with an analyst’s incentive to deviate from any equilibrium in which

he sells to a subset of fund managers. This incentive arises because the analyst can sell to one more fund

manager at the equilibrium payment without other fund managers observing his deviation and therefore

withholding their payment.7 The result depends on the unobservability of the other offers made by the

analysts but we relax this assumption later.8

3.1 Trading in the Financial Market

At date 2, liquidity traders, market makers, and n fund managers participate in the financial market. By

Lemma 1, when fund manager i trades in the financial market, his information set is Fi = {si, s1, ..., sm}.

In other words, each fund manager has his own signal, si, and m signals purchased from analysts. Based

on this information, fund manager i (i = 1, 2, ..., n) submits to the market makers the market order xi that

maximizes his expected profit. Market makers observe only the total order flow, y =
Pn

i=1 xi + z, and

with information extracted from that observation, they establish the market clearing prices, P2(y). Thus,

fund manager i’s problem is

max
xi

E[xi(V + δ − P2(
nX

k=1

xk + z))|Fi]. (2)

Each fund manager takes the market makers’ pricing rule P2(·) and other fund managers’ trading strategies

as given, but exploits his information advantage by accounting for the impact of his trading decision on

the price eventually set by the market makers at date 2.

We do not model the market makers’ strategic behavior directly. Rather, we assume that

P2(y) = ηy, (3)

7We assume a zero marginal cost in selling information. Given recent advances in information technology, this is not a
particularly strong assumption.

8See McAfee and Schwartz (1994) for analysis of supplier commitments to competing downstream firms under unobserv-
ability in a more general setting.
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η is a positive number. By doing so, we wish to show that our results do not depend on the specific market-

clearing mechanism, but that the market-clearing price is linear in total order flow. This formulation

includes the well-known case in which the market makers are perfectly competitive:

P2(y) = E[δ|y] + V.9 (4)

For the rest of the paper, we keep this case as a special example.

We propose that fund manager i0s trading strategy takes the symmetric form:

xi = βsi + a(
mX
j=1

sj), (5)

where β and a measure how aggressively a fund manager trades on his own information and on sell-side

information, respectively (this assumption is without loss of generality, since the unique linear equilibrium

is symmetric as shown in Proposition 2). We can rewrite fund manager i’ strategy as

xi = βsi + αsp, (6)

where sp = 1
m

Pm
j=1 sj and α = am. Note that sp is the sufficient statistics for δ, given all sell-side signals.

We show in the appendix that this strategy is indeed the unique linear equilibrium and it is characterized

by Proposition 2:

Proposition 2 (i) There exists a unique linear equilibrium for date 2 trading, in which a fund manager’s

trading strategy is given by (5), where

a =
2v

η(n+ 1)[2(1 +mv) + (n+ 1)v]
(7)

β =
v

η[2(1 +mv) + (n+ 1)v]
, (8)

and the market makers’ pricing rule is given by (3).

9 It also includes the case where there is no market maker, but only uninformed risk-averse investors, as in Leland (1992).
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(ii)In equilibrium, the fund manager’s expected trading profit is

π =
1

4η
[
4v(1 + 4m+ 2n+ n2 + (1 + 2m+ n)2v)

(1 + n)2[2 + (1 + 2m+ n)v]2
]. (9)

(iii) The equilibrium asset price is

P2 = V +
2nv

(n+ 1)[2(1 +mv) + (n+ 1)v]

mX
j=1

sj +
v

[2(1 +mv) + (n+ 1)v]

nX
i=1

si + ηz. (10)

(iv) If market makers are perfectly competitive so that (4) holds, then:

a =
2σzv√
nD

(11)

β =
σz(n+ 1)v√

nD
(12)

η =

√
nD

σz(n+ 1)[2(1 +mv) + (n+ 1)v]
, (13)

where D ≡ 4mv + 4(mv)2 + 4nv2 + (n+ 1)2(v + v2).

Since a and β are different, Proposition 2 indicates that fund managers trade differently with respect to

buy-side and sell-side information. Consequently, buy-side and sell-side information have different effects

on the market price. Corollary 3 outlines the differences:

Corollary 3 (i) na
β = 2n

n+1 ≥ 1 meaning that fund managers, as a group, trade more aggressively on

sell-side information than on their own information.

(ii) a
β =

2
n+1 ≤ 1 so that individual fund managers trade less aggressively on sell-side information than

on their own information.

(iii) Ceteris paribus, the price change induced by sell-side information is greater than that induced by

buy-side information.

(iv) Ceteris paribus, sell-side information generates more trading volume than buy-side information.

Although buy-side and sell-side information are of the same quality, sell-side information is known by

all n fund manager. Thus competition among fund managers seeking to profit from sell-side information

exceeds competition around a fund manager’s private signal. In spite of greater scope for competition,
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fund managers collectively trade more aggressively on analyst signals because they do not fully internalize

their individual impact on the market price. Given a one-unit increase in an analyst’s signal, a one-unit

increase in trading by a fund manager increases the price by η units and thus reduce his expected trading

profit. However, the manager does not internalize the lost trading profits faced by the other n − 1 fund

managers. By contrast, individual fund managers bear the entire cost of price impact from trading on

their own information.10

Fund managers individually trade less aggressively on sell-side information because they recognize and

fully internalize the consequence of common knowledge of the analyst’s signal among fund managers. Any

fund manager considering trading more aggressively on a one-unit increase in an analyst’s signal recognizes

that other managers are considering the same strategy. By contrast, the marginal price impact from

trading more aggressively on a one-unit increase in one’s own private signal is smaller, since others are not

expected to follow suit. Thus individual fund managers respond more aggressively to their own signals

than to those purchased from analysts.

It is worth noting that a
β is decreasing in n while na

β is increasing in n. Because competition among

fund managers causes them to trade differently with respect to buy-side and sell-side information, such

differences are more pronounced when there are more fund managers in the economy. Because the market

makers’ pricing rule is linear in total order flow, a greater change in order flow implies a greater change in

price. Therefore, sell-side research is more influential in the sense that it generates more price impact. It

is often said of sell-side research that it generates trade for a firm’s brokerage business. Corollary 3 lends

support to this idea.

3.2 The Market for Information

In the date 1 market for information, we examine to whom among fund managers analysts offer to sell their

signals, the offer prices for these signals, and from which analysts fund managers choose to buy signals.

10Even in this case there can be an externality. When a fund manager increases his order in response to his own positive
signal, the resulting price impact damages other fund managers’ trading profits on average. The magnitude of the externality
depends on the correlation among fund managers’ private signals. Because the analyst’s signal is known by all fund managers
in equilibrium, trading in this dimension essentially takes place with respect to a perfectly correlated signal.
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3.2.1 Fund Managers’ Demand for Sell-Side Information

Given the set, Si, of analysts who offer signals for sale, how should fund manager i determine the subset,

Ai, of analysts from whom to buy signals?

Upon choosing Ai, fund manager i0s trading strategy is the solution to:

max
xi

E[xi(V + δ − (V + ηy))|Fi], (14)

where Fi = {si, sj , ∀j ∈ Ai}. Fund manager i0s information now includes both his own, si, and that which

he acquired from analysts, sj , j ∈ Ai. Fund manager i solves problem (14) with the belief that everybody

else will play the equilibrium strategy: every other fund managers buys signals from all analysts and trade

according to the strategy specified in Proposition 2. Proposition 4 characterizes fund manager i’s optimal

trading profit:

Proposition 4 (i) Conditional on other fund managers’ equilibrium strategies, fund manager i’s optimal

trading profit, πi(Ai), only depends on, l ≡ l(Ai), the number of analysts in Ai.

(ii) πi(l) is strictly increasing and concave in l.

Because the equilibrium is symmetric, fund manager i’s strategy and expected trading profit are func-

tions only of the number of analysts from whom he buys, not their identify.

Fund manager i’s profit is increasing in l, since acquiring more information from analysts reduces his

information disadvantage relative to other fund managers who acquire all analyst information. But the

marginal benefit of an analyst’s signal is decreasing, since the precision of fund manager i assessments of

asset value and other fund managers’ order flows increases with the number of analyst signals acquired.

The more precise is the fund manager i’s assessment, the less it will be influenced by an additional analyst’s

information.

The concavity of πi(l) implies that the classical marginal analysis yields fund manager i0s optimal set

of analysts from whom to acquire signals as summarized in the following proposition:
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Proposition 5 Given the prices of the analysts’ information, p(Si), fund manager i chooses to buy from

the l∗ cheapest analysts, and l∗ is determined by

πi(l
∗)− πi(l

∗ − 1) ≥ pil∗ if l
∗ > 0, and

πi(l
∗ + 1)− πi(l

∗) ≤ pil∗+1 if l
∗ < l(Si), (15)

where pil∗ (p
i
l∗+1) denotes the l

∗th (l∗ + 1th) lowest price in p(Si).

Because a fund manager’s profit is only affected by the number of analysts from whom he buys infor-

mation, if he wants to buy information from l∗ analysts, he simply chooses those selling their signals at

the lowest prices. The optimal l∗ is determined by (15), which says that it is profitable to buy the last

analyst’s information, but buying one more analyst’s information will result in a loss for the fund manager.

3.2.2 The Price of Analysts’ Information

Since an analyst makes take-it-or-leave-it offers to the fund managers, he extracts the entire marginal

surplus of his information from the fund managers. In equilibrium, the marginal benefit of an analyst’s

information to a fund manager is π(m)−π(m−1) (symmetry enables dropping the subscript i). Therefore,

we conjecture that an analyst’s offering price is:

pij = p = π(m)− π(m− 1), ∀i, j. (16)

If all the analysts follow this strategy, each fund manager buys information from every analysts by

Proposition 5. Thus an analyst’s equilibrium profit from selling information is πr ≡ np.

Analysts will not deviate from this strategy because offering a lower price to any fund manager would

lead to its acceptance (by Proposition 5) and thus diminish the analyst’s profit. Moreover, offering his

information at a higher price to any fund manager only leads to the offer being rejected (by Proposition

5) and thus once again diminishes the analyst’s profit.

Proposition 6 characterizes the equilibrium in the market for information:

Proposition 6 In the market for analysts’ information,

13



(i) an analyst makes offers to sell his information to all fund managers, and the offer price is

p =
1

4η
[

16v(1 + v +mv)

(1 + n)2(1 +mv)[2 + (1 +m+ n)v]2
]; (17)

(ii) all fund managers accept the offer;

(iii) equilibrium profits for a fund manager and an analyst are

πb =
1

4η
{4v[(n+ 1)

2 + [4m2 + (1 + n)2 +m(1 + n(6 + n))]v +m(1 + 2m+ n)2v2]

(1 + n)2(1 +mv)[2 + (1 +m+ n)v]2
} (18)

and

πs =
1

4η
[

16nv(1 + v +mv)

(1 + n)2(1 +mv)[2 + (1 +m+ n)v]2
] + πI(m,n), (19)

respectively.

Proposition 6 characterizes the equilibrium payoffs of a fund manager and an analyst as functions of

m and n. Because n = N −m, πb and πs are functions of m only.

3.3 The Specialization Decision

The next stage of analysis determines the equilibrium composition of analysts and fund managers implied

by the equilibrium number, m∗, of information-producing agents who opt to become analysts.

By the equilibrium definition, m∗ is an equilibrium composition if and only if

πb(m
∗) ≥ πs(m

∗ + 1) if m∗ ≤ N − 1, and (20)

πs(m
∗) ≥ πb(m

∗ − 1) if m∗ > 0. (21)

The fund manager’s incentive-compatibility condition, (20), implies that a fund manager’s profit is smaller if

he unilaterally deviates by becoming an analyst. Similarly, the analyst’s incentive-compatibility condition,

(21), implies that it is suboptimal for an analyst to unilaterally deviate by becoming a fund manager.

Proposition 7 describes the equilibrium composition of analysts when there is no investment banking

subsidy.
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Proposition 7 If there is no investment-banking subsidy, then an analyst always has incentive to deviate

become a fund manager. Thus, in equilibrium all information is produced by fund managers and is therefore

not available for sale.

Proposition 7 establishes that analysts cannot exist in equilibrium without a subsidy — profits from

direct sale of a signal are less than those from trading on the same signal when others can only learn the

nature of the signal through one’s private impact on financial market prices. This result is driven by two

effects. First, competition among fund managers trading on the analyst’s signal in the financial market

limits expected trading profits associated with the analyst’s information. To see this, notice that Corollary

3 shows that, as a group, fund managers trade more aggressively on an analyst’s signal (with intensity na)

than on their own signals (with intensity β). As a result, the analyst’s signal is more fully impounded in

the price than it would be if fund managers could coordinate to trade less aggressively.11

Moreover, because the analyst’s information is assumed to be a substitute for the fund manager’s signal

(albeit an imperfect one), the marginal analyst’s information has a relatively small marginal benefit to the

fund manager. Thus analysts are limited in what they can extract from fund managers in spite of the

fact that they have all of the bargaining power. In equilibrium, fund managers pay analysts only the

marginal benefit associated with the last analyst’s signal. This payment is decreasing in both the number

of analysts and in the degree of correlation among information signals produced in the economy. In the

extreme case where si = δ, so that signals are perfect substitutes for one another, fund managers will not

pay a positive price for information produced by analysts.

Proposition 8 establishes boundaries on the investment-banking subsidy, πI , necessary to support a

positive number of analysts in equilibrium:

Proposition 8 m∗ is the equilibrium number of analysts if and only if the investment-banking subsidy

satisfies

πI(m
∗ + 1) ≤ πb(m

∗)− πr(m
∗ + 1) if m∗ ≤ N − 1, and (22)

πI(m
∗) ≥ πb(m

∗ − 1)− πr(m
∗) if m∗ ≥ 1. (23)

11 It can be shown that if all the fund managers could commit to trading on an analyst’s signal with the same intensity with
which they trade on their own signals (that is, maintain a such that na equals the equilibrium β) they would earn greater
trading profits, ceteris paribus.
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The boundaries set out in Proposition 8 imply a positive subsidy and thus provide a rationale for

bundling sell-side research with investment-banking services. Even when sell-side research is provided,

it follows intuitively from Proposition 7 that it should be less profitable than producing information as a

fund manager. Proposition 9 establishes this fact and suggests an avenue for empirical investigation.

Proposition 9 In an equilibrium with m∗ ≥ 1 and n∗ ≥ 1,

πb(m
∗) > πr(m

∗). (24)

4 Social Welfare and Sell-Side Research

In this section we study the welfare effects of the distribution of information production across buy-side

and sell-side firms with particular emphasis on whether welfare is compromised if sell-side research is

undermined. Our analysis rests on the finding that analyst information is incorporated more fully into

asset prices in our financial market than is information produced by fund managers. Thus increasing

the number of analysts could promote welfare by increasing the information content of prices and thus

improving corporate investment decisions.12

4.1 Information Efficiency and Social Welfare

To study the relation between the information efficiency of asset prices and corporate investment efficiency,

we introduce a firm that sells its stock in the financial market.13 We assume that at date 0, the firm has

one project and must invest in the project to increase its production capacity. At date 3, the value per

unit of the firm’s production capacity is V + δ, which can be thought of as the future price of the firm’s

product. The firm’s investment cost of setting up q units of production capacity is f(q), f 0(q) > 0 and

f 00(q) > 0. The firm invests f(q) at date 2 by raising capital from the financial market with the sale of

its shares. The firm’s owner retains for his own consumption any proceeds not required to finance the

project.

12See Baker, Stein, and Wurgler (2003) for a review of the literature on the relation between asset prices and corporate
investment.
13We follow Leland (1992) closely in our approach to modeling social welfare.
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For simplicity, we assume that the firm’s equity is divided into q shares implying a date-3 share price

of V + δ. We model the firm’s equity issuance parsimoniously by assuming that the number shares issued,

q, and thus the firm’s production capacity depends on the date-2 market price for its shares. In essence,

the firm sells its stock through limit orders. The firm’s limit order is public information implying that

condition (4) holds — market makers provide liquidity at the expected value of the stock, conditional on the

total order flow. Finally, the issuing firm pays each analyst an exogenously determined investment-banking

fee πI .

Thus the firm’s optimization problem is

max
q

qP2 − f(q)− nπI .
14 (25)

The firm’s optimal production capacity, q∗, is uniquely determined by:

q∗ = f 0−1(P2). (26)

The convexity of the firm’s production function, f(q), implies that the firm’s optimal production capacity,

q∗, is increasing in the second-period price, P2. 15

The firm’s limit order is public information and has no information content. Therefore, market makers

consider only the total market orders when they set the second-period price. The date-3 stock value is

V + δ so that fund managers again solve problem (2) and the results in section 3 carry over as before.

We define social welfare, W , as the sum of all agents’ ex ante expected payoffs.16 It is straightforward

to show that

W = E[q∗P2 − f(q∗)]. (27)

14 If the second-period price, P2, is less than zero, the problem does not have a well defined economic meaning. However,
the probability of P2 < 0 can be made arbitrarily close to zero by assuming that V , the mean of P2, is very large relative to
the standard deviation of P2.
15Because the firm’s investment decision depends only on the stock price, the firm’s decision to sell shares has no information

content. Therefore, whether the firm has private information about δ or not makes no difference in the model.This result
arises because we assume that the firm’s owner sells all of his shares in the primary market. Withholding some fraction of
the firm’s shares from the market could provide a signal for private information as in Leland and Pyle (1977).
16This definition warrants the caveat that failing to specify liquidity traders’ utility functions or their motives for trading

means that the social welfare definition may not reflect all agents’ welfare. However, because our welfare definition measures
the informational efficiency of the security prices, as long as their informational efficiency is important to social welfare, the
analysis here remains valid.
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In words, social welfare equals the firm’s profit from production.

Trading in the financial market influences welfare indirectly through its influence on the second-period

price but the risk-neutrality of all agents in the model prevents any direct benefit arising from improved

risk sharing. Thus welfare effects rest on the informational efficiency of the financial market at date 2.

We define informational efficiency as the ex post reduction in uncertainty about firm value provided by

the market price. From the market makers’ point of view, δ can be written as

δ = E[δ|y] + e. (28)

The uncertain per share value of the firm can thus be decomposed into a revealed portion, E[δ|y], and a

concealed portion, e. The revealed portion of the firm’s share value is the market price minus V and thus

is public information. e remains unknown to uninformed agents.

From Proposition 2, E[δ|y] = ηy. Further, it is easy to verify that e and y are independent. Therefore,

1 = V ar[δ] = V ar[ηy] + V ar[e]. (29)

We denote Σr ≡ V ar[ηy]. Greater values for Σr indicate less uncertainty about δ conditional on the market

price and thus a more informationally efficient stock price. Because Σr equals V ar[P2], the reduction in

uncertainty equals the volatility of the stock price — the more volatile the price, the more information it

reveals.

Proposition 10 states the relation between the share price’s informational efficiency and social welfare:

Proposition 10 Social welfare increases with the informational efficiency of the firm’s share price at date

2.17

The intuition is straightforward. Because the firm conditions its investment decision on its stock price,

a more informative price improves the firm’s investment decision.

17This result is not true in general if more information destroys risk-averse agents’ incentive to share risk optimally. This
is the well-known Hirshleifer (1971) Effect which does not apply in our model because all agents are risk neutral.
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4.2 Sell-Side Research and Informational Efficiency

Increasing the number of sell-side analysts, m, has offsetting effects on the revealed uncertainty in share

prices, Σr. Corollary 3 shows that having more analysts improves informational efficiency because analysts’

information is impounded more aggressively into the stock price than is fund managers’ information. Call

this the sell-side effect. On the other hand, there is an offsetting (competition) effect that arises because

competition among fund managers is diminished as the number of analysts increases. Because the total

number of information-producing agents is fixed in the economy, a larger number of analysts implies fewer

fund managers who, in turn, bid less aggressively (as a group) in the financial market. The relative

magnitude of the sell-side and competition effects determines whether increasing the number of analysts

improves or diminishes welfare.18 As the number of information-producing agents, N , grows, ambiguity in

the welfare analysis diminishes. It can be shown that when N goes to infinity while the total information

in the economy Γ = Nv is fixed, increasing the number of sell-side analysts unambiguously improves the

informational efficiency of the economy.

5 Conflicts of Interest among Analysts

The preceding analysis ignores any agency problems that might arise when analysts sell information to fund

managers because we assume that analysts report their signals truthfully to fund managers. Obviously, it

is difficult for fund managers to verify the quality of such information. We model the consequent incentive

conflict by assuming that an analyst j has the option to report rj , a real number, to fund managers

upon receiving his signal, sj . We define the bias in analyst j0s report as bj ≡ rj − sj . This additional

structure enables an analysis of a conflict of interest arising from sell-side research being subsidized by

investment-banking services.

The envelope theorem implies that the firm’s production profit, q∗P2 − f(q∗), is increasing in its stock

price. Thus, the firm has incentive to increase its stock price. Suppose the firm can directly link payments

for investment-banking service to the sell-side analyst’s report to fund managers thus providing the analyst

incentive to optimally bias his report. In equilibrium, fund managers should rationally expect such bias and

therefore discount the analyst’s report but noise introduced by the biased report will undermine welfare.

18An earlier version of the paper provides a sufficient condition under which increasing the number analysts improves
informational efficiency.
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To fix this idea, assume that the investment banking fee for analyst j is

πjrj + Ij (30)

so that it is linear and increasing in the analyst report, rj . Ij is an exogenous constant, presumably

determined by the relative bargaining power of analyst j and the firm. For simplicity, we assume that

Ij = I for all j. πj is chosen by the firm and is not observable by other analysts or by fund managers.

Upon receiving his signal, sj , analyst j reports rj to the fund managers. He chooses his bias optimally

to maximize the following objective function:

max
bj

πjrj + Ij −
b2j
2tj

, (31)

where
b2j
2tj

represents analyst j’s cost of bias. This cost function embodies an analyst’s personal charac-

teristics such as litigation risks, reputation risks, or psychological costs associated with providing biased

reports. We let tj vary across analysts to capture the idea that some analysts have more at stake than

others when misrepresenting their signals. We assume that tj is normally distributed with mean T, pre-

cision vt, and that it is i.i.d. across analysts and independent of other random variables in the model.19

Finally, we assume that tj is realized after date 1 but before analysts report to fund managers so that only

analyst j observes tj . All other agents know only its distribution.

The firm chooses πj for each analyst at date 1, and its production capacity q(P2) at date 2 to maximize

its objective function

max
πj ,q(P2)

E[P2q(P2)− f(q(P2))]−
mX
j

[πjE[rj ] + I]. (32)

For tractability, we assume that f(q) = Fq2

2 . When the firm chooses πj , it does not know tj because tj

has not been realized yet.

After receiving reports from analysts, fund managers filter out perceived biases. Although the fund

managers do not observe πj , in equilibrium they correctly infer the fee paid to analyst j, π∗j . But because

19 ti can be negative, in which case the cost function is not well defined. However, the parameters of the distribution can
be chosen such that the probability of ti ≤ 0 is arbitrarily close to zero. This is achieved by assuming that the mean of ti, T,
exceeds the stardard deviation,

q
1
vt
, by a large amount.
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fund managers cannot perfectly observe the analysts’ personal characteristics, tj , they cannot precisely

determine their bias, bi. As a result, fund managers infer sj only with noise.

Proposition 11 summarizes the equilibrium.

Proposition 11 If T + 1
Tvt
≤ 2F, there exists one equilibrium in which

(i) the firm sets π∗j = π∗, which is a positive root to equation (78) in the appendix, and q∗(P2) =
P2
2F ;

(ii) conditional on analyst j’s report, rj, fund manager i trades xi = βsi + a(
Pm

j=1 bsj), where bsj ≡
rj − π∗T , and

a =
2bv

η[2(1 +m)bv + (1 + n)v](1 + n)
, (33)

β =
v

η[2(1 +mbv) + (n+ 1)v] , (34)

where bv is the precision of bsj as given by bv = vvt
π∗2v + vt

; (35)

(iii) analyst chooses b∗j = tjπ
∗ for all sj.20

Note that after fund managers filter out the analyst’s bias, the precision of the analyst’s report is bv,
which is smaller than v, the precision of an analyst’s own signal. In other words, information is lost as

a consequence of the conflict of interest. Equation (35) shows that the quality of an analyst’s report

decreases with the magnitude of the conflict, π∗. If π∗ = 0, there is no conflict of interest and the analyst’s

report has the same precision as his own signal.

Adding up the ex ante expected payoffs for all agents yields the social welfare measure:

W = E[P2q
∗(P2)− f(q∗(P2))]−mE[

b∗2j
2tj
]. (36)

The social welfare measure now includes an extra term,mE[
b∗2j
2tj
], reflecting the analysts’ cost from providing

biased reports. Thus, the conflict of interest creates a direct cost borne by the analyst and an indirect

20The condition T + 1
Tvt

≤ 2F ensures that the second-order condition of the firm’s problem is satisfied. To understand
it, notice that T measures analysts’ average cost of lying (the smaller T , the greater the cost) and F measures the firm’s
production cost (the greater F, the greater the cost). The condition says that the cost of lying cannot be too small relative to
the gain from lying (the lower the production cost, the higher the gain from higher stock price). If the condition is violated,
then there may be no equilibrium because the firm is willing to induce bj =∞.
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Figure 2: Social Welfare and Number of Analysts

cost associated with lost information. The latter compromises welfare by diminishing the informational

efficiency of the firm’s stock price and therefore the quality of its investment decision. The benefit of

sell-side research is that it can increase the firm’s production profit by increasing the information efficiency

of the firm’s stock price. These opposing forces makes the general welfare effects of subsidizing sell-side

research ambiguous. However, there are conditions under which social welfare is greater when there are

some analysts than when there are none. Figure 2 illustrates this feature of the model.

Thus our model suggests that although separating sell-side research from investment banking eliminates

(costly) conflicts of interest, doing so has potential for diminishing welfare by reducing the informational

efficiency of financial markets. Our analysis suggests that efforts to manage this tradeoff should focus on

breaking linkages between individual analysts’ compensation and the fees that issuing firms pay to their

investment banks. In the model, this involves keeping π∗ close to zero, in which case a positive subsidy could

sustain the benefits of sell-side research at minimal costs associated with conflicts of interest. Ljungqvist,

Marston and Wilhelm (2005) provide evidence that this linkage existed during the 1990s in the sense that

analyst’s were more aggressive in their recommendation behavior at times when more fee income was at

stake for their firms. During 1999-2000, when the stakes were particularly high, even all-star analysts (as
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defined by the Institutional Investor) engaged in unusually aggressive behavior. On the other hand, they

found, as our theory would predict, that reputational considerations moderated analyst behavior. The

structural reforms imposed by the 2003 Global Settlement involving the SEC, the New York Attorney

General’s office and ten of the most prestigious sell-side firms clearly are aimed at preventing any direct

linkage between investment banking fees and analyst behavior.21 Left unanswered is the whether sell-side

firms will continue to find it in their interest to subsidize research.

6 When can Independent Research be Sustained?

In this section we examine the robustness of our claim that sell-side research requires subsidization. In

the preceding analysis, we assume that contracts between analysts and fund managers are only privately

observable. In equilibrium, this means that analysts cannot commit to sell their information to only a

subset of fund managers. Hart and Tirole (1990) and McAffee and Schwartz (1994) show that in general

it is costly to be unable to commit against opportunistic behavior. We examine the sensitivity of our

findings to this assumption by studying a simple case in which analysts can commit to sell to only a subset

of fund managers. Specifying all of the possible analyst and fund manager relations is complicated for the

general N agents case, so we limit the analysis to the special case where N = 3. The following proposition

summarizes the results for this case:

Proposition 12 If N = 3 and analysts can commit to sell to any subset of the fund managers, the only

equilibrium outcome is one in which all information producing agents choose to be fund managers.

Thus even when there is no competition among fund managers, analysts cannot survive in our model

without a subsidy.22 As we show in the appendix, this result is driven by substitutability among agents’

signals. As the precision of agents’ signals increases, so that they become closer substitutes for one another,

the fraction of the fund manager’s total profit captured by the analyst, 1
2(1+v) , declines.

23

21This is easier said than done. As we write, the SEC is considering action against firms criticized for "bullying" uncoop-
erative analysts (See the Wall Street Journal, Sept. 23, 2005, C3). Such tactics involve excluding an analyst from access to
key executives, conference calls and implicit threats that unfavorable reports will result in the analyst’s firm not receiving
future underwriting mandates. This approach can be thought of as using a "stick" to elicit the desired behavior instead of the
"carrot" of a behavior-linked payment assumed in our model.
22More generally, it can be shown that in a n fund manager, N − n analysts setting, analysts always do better by trading

on their own information, under the restriction that analysts alternatively can sell their information to no more than one fund
manager.
23Suppose instead that information-producing agents could coordinate ex ante to maximize their joint profit and share them

equally. Assume also that anti-trust considerations require at least n fund managers among information-producing agents
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Given the importance of our assumption regarding the substitute nature of agents’ information, it

is natural to consider the alternative case in which signals are complementary. Our notion of signals

substituting for one another presumes that both sell-side and buy-side analysts engage in similar forms of

analysis given the information at hand. But suppose, for example, that fund managers (or sell-side analysts,

for that matter) could produce more precise signals by acquiring factual information, such as accounting

numbers, and could do so more efficiently by acquiring the information through other parties rather than

directly. Such information is no substitute for careful analysis. Rather, it is complementary to production

of the sort of information we envision agents trading upon in the financial market. This perspective

suggests modeling complementarity by assuming that a fund manager’s signal precision is increasing in

the precision of factual signals produced agents who opt into this realm of information production.24 If

complementarity of this sort is sufficiently high, such indirect information providers may be able to extract

sufficient surplus from fund managers to sustain their presence in equilibrium without a subsidy.

To incorporate this idea formally into the model, we assume that without an indirect factual information

signal, sI , an information-producing agent’s own signal has precision γv, γ ≤ 1, but with signal sI , his

own signal has precision v. The smaller is γ, the poorer the quality of the information-producing agents’

signals without sI and the more important sI is to their information production. Thus, γ measures the

complementarity between sI and other agents’ signals. Because we think of sI as factual information

such as company news, we assume that if two or more information-producing agents produce sI , they

obtain the same signal. We further assume that sI has no value when traded upon directly. Generating

tradable information, such as an estimate of a company’s value, requires information-producing agents to

analyze and interpret the indirect information, i.e., produce their own signals conditional on the factual

information.

(Without this constraint, the optimal composition is one in which there is only one fund manager and all other agents are
analysts.). In this case information producing agents determine who should work for fund managers and who should work as
analysts to maximize their joint trading profit. Also assume that multiple agents may work for one fund manager but once
committed to a fund management, the agent cannot sell his information to any one else. In this case, the optimal symmetric
allocation calls for every agent to work for one fund manager. Once again, there are no sell-side analysts. The proof is
available upon request.
24 It is perhaps more accurate to think of such agents as specializing in formatting and distribution of such information. The

fund manager’s signal precision would then be more nearly a function of the speed and ease with which such information can
be used rather than strictly its precision. Thomson Financial is the extreme example of the type of information-producing
agent we envision in this example.
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The model is the modified so that at date 0, an information-producing agent can choose to be a fund

manager, or a provider of indirect factual information. We refer to the latter as an independent analyst.25

At date 1, independent analysts sell their information to fund managers. Here, the quality of information

is contractible so there is no conflict of interest. The events at dates 2 and 3 remain the same.

Proposition 13 shows that if sI is important to the information production of other agents, then even

without a subsidy there exists an equilibrium in which there is one independent analyst:

Proposition 13 There exists a γ > 0, such that for γ ∈ (0, γ), there exists an equilibrium in which:

(i) There is one independent analyst and N − 1 fund managers.

(iii) The independent analyst sells sI to all the fund managers, and the fund managers trade in the

financial market as characterized by Proposition 2.

Fund managers acquire sI because they would otherwise be at a competitive disadvantage in the

financial market. Thus fund managers are willing to pay a high price for the independent analyst’s

information.

In contrast to the result in Proposition 7, which rests on substitutability among signals, the ability

to generate complementary signals enables the independent analyst to capture a significant portion of the

fund managers’ trading profits (when γ is close to zero, the independent analyst captures almost all the

fund managers’ trading profits). We envision firms like Standard & Poor’s, First Call, and Bloomberg as

examples of firms providing indirect, factual information and thus able to sustain themselves as independent

research operations. Their capacity for doing so rests with their ability to do something that managers

cannot do for themselves, at least not at the same cost. It is noteworthy that each of these firms operates

relatively large-scale but low margin businesses consistent with the fact that they deal primarily in public

information. Their competitive advantage appears to lie largely in the efficiency with which they can

deliver such information.

Although we have cast independent research firms as the alternative to fund management for information-

producing agents in our model, it is plausible that at least some sell-side research analysts have unique

capacity relative to their buy-side peers. If so, they too could appear in equilibrium without being sub-

sisdized. Thus the preceding analysis provides a rationale for the appearance of star analysts, like Mary

25We also analyze the case where agents can choose to be sell-side analysts. The results are qualitatively the same.
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Meeker, who dominate their area of expertise. Unfortunately, the industry practice of folding stars into

large research departments would appear to cut against separating unique research from the mundane.26

7 Conclusion

We examine the industrial organization of information production in the securities industry assuming that

information-producing agents can opt either to produce their information for sale (sell-side producers) or

trade on information they produce and that purchased from sell-side producers. The former we characterize

as sell-side analysts working, typically, within large investment banks and the latter as buy-side, fund-

management firms. In equilibrium, when agents produce substitutive information, information is produced

from the sell-side only if it can be subsidized by profits from elsewhere within the investment banking

organization from which it is produced. Absent opportunities for subsidizing sell-side research, agents

always prefer to operate from the buy-side where they can trade on their private information in the

financial market. This result arises because sell-side agents cannot commit to narrow dissemination of the

their information among buy-side agents. Thus buy-side agents compete aggressively with one another

with respect to sell-side information via trading in the financial market and thereby diminish trading

profits from sell-side information relative to those associated with (private) information produced from the

buy-side.

In equilibrium, information can only be produced from the sell-side without a subsidy when it is

complementary to information produced by agents on the buy-side of the market. In this setting, which

we envision as representative of independent research firms that specialize in efficient aggregation and

dissemination of factual information (as opposed to analysis of such information), sell-side agents produce

information that enhances the value of analysis carried out from the buy-side of the market. But by virtue

of the fact that any sell-side agent would produce the same factual information, only one sell-side agent

will produce such information in equilibrium. Thus the model predicts large-scale, dominant producers,

such as Bloomberg or Thompson Financial, in distinct dimensions of factual information.

26The analysis of Morrison and Wilhelm (2004) suggests a possible rationale for this business model if star researchers benefit
from firm-specific assets, such as the firm’s reputation or mentoring from senior researcher, over which contracts cannot be
written. In this setting, a high degree of opacity or other mechanism for limiting the agent’s mobility may be necessary to
sustain investment in the agent under the threat of holdup once the agent achieves star status.
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We show that production of substitutive information from the sell-side can enhance welfare by increasing

the informational efficiency of financial market prices which, in turn, leads the superior real investment

decisions. On the other hand, generating the necessary subsidy by bundling sell-side research with other

investment-banking services introduces a conflict of interest that can diminish the informational efficiency

of financial market prices. We establish conditions under which the net welfare effect from bundling

sell-side research with investment-banking services is positive. The analysis emphasizes that the key to

managing the tradeoff rests with weakening linkages between investment-banking fees and compensation

paid to (or other incentives faced by) individual analysts.

Our model suggests that the long standing tradition of bundling equities research with investment

banking in major securities firms is one rational institutional response to the difficulty of contracting over

information. Reputational concerns appear to have been effective in moderating the negative consequences

of the conflict of interest throughout much of the industry’s recent history. The 2003 Global Settlement

reached in the aftermath of a period during which this clearly was not the case, seeks to address the need

for subsidizing sell-side research identified in our model by forcing sell-side firms to contribute to pool to

fund independent research .27 In this sense, the Settlement aims to break the linkage between investment-

banking fees and an individual analyst’s compensation. Our model identifies this as the appropriate focus

for any effort to manage the tradeoff between the costs and benefits of subsidizing sell-side research. On

the other hand, the existing structure provides little private incentive (other than the threat of legal or

regulatory intervention) for producing high-quality sell-side research. Efforts that aim only to satisfy the

letter of the law will not likely contribute significantly to welfare.

Our model can also be usefully applied to the credit rating industry where the bulk of revenues comes

from bond issuer fees rather than from selling research to institutional investors.28 Obviously, this structure

suggests potential for conflicts similar to those observed within investment banks. But until the late 1960s,

credit-rating agencies financed their operations solely through the sale of publications and information

provided to prospective investors. Cantor and Packer (1995) and White (2001) suggest that wide-spread

availability of copy machines triggered the change by reducing industry profit margins. Our analysis

suggests an alternative explanation.

27The $1.5 billion settlement requires the sell-side firms to pay $460 million for independent research over five years, and to
distribute independent research reports together with their own reports. See the Securities and Exchange Commission press
release at http://www.sec.gov/news/press/2003-54.htm for details.
28According to Moody’s annual report, in 1999 close to 90% of its revenue was from rating services, paid by the issuers.
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Until the mid 1960s, institutional investors played a less prominent role in financial markets. Individual

wealth constraints would prevent the aggressive competition among financial market traders that undermine

the profitability of sell-side research in our model and effectively achieve the sort of buy-side coordination

that might sustain sell-side research in our model. With the rise of institutional investment during the

1960s, our model’s assumption that buy-side traders can take arbitrarily large positions in the financial

market is more realistic. In this setting, potential rating agencies would not only observe erosion in their

profit margins but might also be tempted to operate from the buy-side by growing demand for professional

portfolio management services. Sustaining independent credit rating agencies thus required support from

issuing firms. By and large, reputational concerns among rating agencies appear to check conflicts of

interest arising from their fees being paid by the firms they evaluate.
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Appendix: Proofs of Propositions

Proof of Lemma 1: Suppose instead that there existed an equilibrium in which analyst j did not sell

to fund manager i. Because having analyst j’s information can never reduce fund manager i’s profit,

this alternative implies that fund manager i values analyst j’s information at zero. Otherwise analyst j

would gain by making an offer to i at a positive price and i would accept the offer. This contradicts the

equilibrium definition.

Under passive beliefs, if i values j’s information at zero, i’s trading strategy xi must be the same with

sj as without sj given the uniqueness of the fund manager’s problem max
xi

E[xi(V + δ − (V + ηy))|Fi],

where Fi is i’s equilibrium information set defined in the main text. The first order conditions for xi thus

imply that

xi(Fi) =

E[δ|Fi]− η
P
k 6=i

E[xk|Fi]

2η

=

E[δ|Fi, sj ]− η
P
k 6=i

E[xk|Fi, sj ]

2η

= xi(Fi, sj)

for any Fi and sj . E[δ|Fi] and E[δ|Fi, sj ] are linear in agent i’s signals. The linear equilibrium implies

that E[xk|Fi], and E[xk|Fi, sj ] are also linear in i’s signals. Matching coefficients yields a set of linear

equations on the model parameter values. For model parameter values outside the set defined by these

equations, xi(Fi) 6= xi(Fi, sj), which is a contradiction. The set of parameter values defined by the set of

equations is of measure zero in the Euclidean space. Therefore, Lemma 1 holds generically.

Proof of Proposition 2: Substituting equations (3) and (6) into fund manager i’s objective function

(2) and simplifying yields:

max
xi

xi{E[δ|Fi]− αη(n− 1)sp − βη(n− 1)E[δ|Fi]− ηxi}, (37)
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where E[δ|Fi] = mvsp+vsi
1+mv+v by Bayes rules. The first-order condition for this problem is

x∗i =
[1− βη(n− 1)]E[δ|Fi]− αη(n− 1)sp

2η

=
1

2η
{[[1− βη(n− 1)] mv

1 +mv + v
− αη(n− 1)]sp + [1− βη(n− 1)] v

1 +mv + v
si}. (38)

Because xi = αsp + βsi in symmetric equilibrium:

α =
1

2η
[(1− βη(n− 1)) mv

1 +mv + v
− αη(n− 1)], (39)

β =
1

2η
(1− βη(n− 1)) v

1 +mv + v
. (40)

Solving equations (39) and (40) yields α and β in part (i).

For part (ii), fund manager i’s expected trading profit is

E[
[(1− βη(n− 1))E[δ|Fi]− αη(n− 1)sp]2

4η
]. (41)

Simplifying this using the facts E[(E[δ|Fi])2] = v+mv
1+mv+v , E[(E[δ|Fi])sp] = 1, and E[s2p] = 1 +

1
mv , yields

1

4η
{[1− ηβ(n− 1)]2 v + vm

1 + v + vm
+ [αη(n− 1)]21 + vm

vm
− 2[1− ηβ(n− 1)][αη(n− 1)]}. (42)

Substituting for α and β, yields (9).

For part (iii), substituting α and β into (3) yields the result.

For part (iv), the market maker sets the price according to (4). But,

E[δ|y] =
1

n(α+β)y

1 + ( α
α+β )

2 1
mv +

nβ2

(n(α+β))2v
+ σ2z

(n(α+β))2

, (43)

which implies

η =

1
n(α+β)

1 + ( α
α+β )

2 1
mv +

nβ2

(n(α+β))2v
+ σ2z

(n(α+β))2

. (44)

Together with equations (39) and (40), solving for α, β, and η gives the desired results.

30



A unique linear equilibrium implies a general linear trading strategy defined as xi = βisi+
P

j∈Ai a
j
isj .

Equations (39) and (40) thus become

2ηβi =
v

1 +mv + v
(1− η

X
j 6=i

βj), (45)

2ηali =
v

1 +mv + v
(1− η

X
j 6=i

βj)− η
X

alj
j 6=i

, ∀l such that sl ∈ Ai. (46)

Substracting v
1+mv+vηβi from both sides of equation (45) and rearranging terms yields

βi =
1

(2− v
1+mv+v )η

v

1 +mv + v
(1− η

X
j

βj).

Therefore, βi = βj = β, for any i and j. Similarly, substracting ηali from both sides of equation (46)

and rearranging terms yields ali =
1
η [

v
1+mv+v (1 − η(n − 1)β) − η

P
alj
j

], or ali = alj = al for any i and j.

Substituting al and β into equation (46), yields al = 1
(n+1)η

v
1+mv+v (1− η(n− 1)β). Therefore, al = aq = a

for any l and q. Thus the symmetry assumption is without loss of generality. Since α, β are uniquely

determined, the uniqueness of the linear equilibrium follows.

Proof of Corollary 3: Proofs of Part (i), (ii), and (iii) follow directly. For part (iv), the volume

generated by sell-side analyst j and by fund manager i are naE[|sj |] and βE[|si|], respectively. Because

β > na, as shown in part (i), and si and sj are identically distributed, naE[|sj |] > βE[|si|].

Proof of Proposition 4: Conditional on all other fund managers buying from all analysts and trading

as specified in Proposition 2, fund manager i’s objective is

max
xi

xi(E[δ|Fi]− αη(n− 1)E[sp|Fi]− βη(n− 1)E[δ|Fi]− ηxi) (47)

where α and β are as in Proposition 2. Also

E[sp|Fi] =
1

m
(
X
j∈Ai

sj +
X
k/∈Ai

E[sk|Fi]) (48)

=
l

m
sl +

m− l

m
E[δ|Fi]. (49)
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Substituting (49) into the objective function and taking the first-order condition yields fund manager i’s

optimal trading strategy

x∗i (A
i) =

(1− βη(n− 1)− αη(n− 1)m−lm )E[δ|Fi]− αη(n− 1) l
msl

2η
. (50)

The expected profit under the optimal trading strategy is

πi(A
i) =

1

4η
E[[1− βη(n− 1)− αη(n− 1)m− l

m
]E[δ|Fi]− αη(n− 1) l

m
sl)

2] (51)

Substituting E[δ|Fi] = lvsl+vsi
1+v+lv into equations (50) and (51), and simplifying by using E[(E[δ|Fi])2] =

v+lv
1+lv+v , E[(E[δ|Fi])sl] = 1, and E[s2l ] = 1 +

1
lv yields

πi(A
i) = πi(l) =

1

4η
{(1− ηβ(n− 1)− ηα(n− 1)m− l

m
)2

v + vl
1 + v + vl

+ [αη(n− 1) l
m
]2
1 + vl
vl

−2(1− ηβ(n− 1)− ηα(n− 1)m− l

m
)αη(n− 1) l

m
}, (52)

which is part (i).

Part (ii) follows from:

dπi(l)

dl
=

16(1 + v +mv)2

(1 + n)2(2 + (1 + 2m+ n)v)2(1 + v + lv)2
> 0,

d2πi(l)

dl2
= − 32v(1 + v +mv)2

(1 + n)2(2 + (1 + 2m+ n)v)2(1 + v + lv)3
< 0.

Proof of Proposition 5: Fund manager i’s problem is

πb(S
i) ≡ max

Ai⊆Si
πi(l(A

i))−
X
j∈Ai

pij . (53)

Recall that pij is analyst j’s offer price to fund manager i. The first step in solving (53) determines

the optimal Ai for a fixed l. Because fund manager i’s profit depends only on the number of analysts he

buys from, not their identities, if fund manager i buys from l analysts, he buys from the analysts with the

l lowest prices. In the second step we determine the optimal l. On the one hand, the marginal benefit

of analysts’ information is decreasing, as shown by Proposition 4. On the other hand, the marginal cost
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of information is increasing because as l increases, more expensive analysts will be included in Ai. Thus,

(15) is a necessary and sufficient condition for the unique optimum for problem (53).

Proof of Proposition 6: Simplifying (16) using 52, yields part (i). Part (ii) is proved in the main

text. Part (iii) follows by simplifying πb = π(m)−mp and πs = np+ πI(m,n).

Proof of Proposition 7: The equations in this proof are derived using Mathematica. The progam

is available upon request. Simplification yields

πs(m)− πb(m− 1) =

− 4v

(1 +N −m)4
[
4(m− 1)2
1 + (m− 1)v +

(N −m− 1)(1 +N −m)(5 + 2N +N2 − 2(3 +N)m+m2)

(2 + (N +m− 1)v)2

+
(N +m− 1)(5 + 2N +N2 − 2(3 +N)m+m2)

2 + (N +m− 1)v − 4(N −m− 1)(1 +N −m)(N −m)

(2 + (N +m− 1)v)2

+
4(N −m)m

1 +mv
− 4(1 +N +m)(N −m)

2 + (N +m− 1)v ].

Thus, πs(m) − πb(m − 1) and the term in square brackets have opposite signs. Combine the terms in

square brackets into a single fraction. Because the denominator is positive, we need only show that the

numerator is positive. The numerator is (1 +N −m)2 times:

B(N,m) ≡ 4(1 +N −m)2 + 4[5 +N3 +N2(m− 1)−K(m+ 1)(5m− 3) +m(m(7 + 3m)− 7)]v

+ [13 + 24N − 6N2 +N4 + 8(3 +N +N2 +N3)m− 2(45 +N(3N − 8))m2 − 8(2N − 5)m3

+ 13m4]v2 + [−8(N − 1)2N + 2(21 +N(4 +N(−6 +N(N + 4))))m+ 4(1 +N(−7 +N(7 +N)))m2

− 8(10 + (−4 +N)N)m3 − 4(−7 +N)m4 + 6m5]v3 + [−(−1 +N)4

+ (−1 +N)(N + 1)(3 + (−12 +N)N)m+ (23 +N(−8 +N(−12 +N(12 +N))))m2

+ 2(−3 +N(−14 + 11N))m3 − (23 + 2(−10 +N)N)m4 + 9m5 +m6]v4

+ (−1 +m)m(−1 +N +m)2(1 +N +m)2v5. (54)
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We show that B > 0 in three steps: B is convex in N, B is increasing in N , and B is positive. First

∂2B

∂N2
= 4{2 + 2(−1 + 3N +m)v + [−3 + 3N2 + 12Nm+ (4− 3m)m]v2

+2[4 + 3N2m+m(−3 + (7− 2m)m) + 3N(−2 +m(2 +m))]v3

+[−3 +m−m2(6 + (−11 +m)m) + 6N(1 + 3(−1 +m)m) + 3N2(−1 +m+m2)]v4

+(−1 +m)m(−1 + 3(N +m)2)v5}. (55)

The coefficients of v, v2, v3, and v5 are non-negative for m ≥ 1 and N ≥ m+ 1. The coefficient of v4 is

increasing in N. So, for a given m, the smallest possible value of the coefficient can be achieved by the

smallest N, which is m+ 1. Substituting N = m+ 1 into the coefficient, the coefficient of v4 becomes

2m[−7 +m2(19 +m)], (56)

which is positive for m ≥ 1. Thus, the coefficient of v4 is positive and ∂2B
∂N2 > 0.

Because ∂B
∂N is increasing in N for a given m, the smallest value for ∂B

∂N is achieved by the smallest value

for N. Again, the smallest possible N is m+ 1. At N = m+ 1, ∂B
∂N is

∂B

∂N
|N=m+1 = 16v(1 + v)(1 + v +mv)(1 +m(1 + (−1 +m)v)(1 + v + 2mv). (57)

∂B
∂N |N=m+1 > 0. Thus,

∂B
∂N > 0.

Finally, because ∂B
∂N > 0, the smallest B can be achieved by the smallest N. Substituting N = m+ 1

into B yields

B|N=m+1 = 16v(1 +mv)2(1 + v +mv)[2 + (−1 +m)m(1 + v +mv)], (58)

which is positive. Thus, for a given m ≥ 1, B is positive. Hence, πs(m) − πb(m − 1) is negative for

1 ≤ m ≤ N − 1.

Part (ii) follows directly by checking that m∗ = 0 satisfies both (20) and (21).
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Proof of Proposition 9: πb(m∗) > πr(m
∗) if and only if

1

4η
(
4v[(n∗ + 1)2 + [4m∗2 + (1 + n∗)2 +m∗(1 + n∗(6 + n∗))]v +m∗(1 + 2m∗ + n∗)2v2]

(1 + n∗)2(1 +m∗v)(2 + (1 +m∗ + n∗)v)2

>
1

4η
(

16n∗v(1 + v +m∗v)

(1 + n∗)2(1 +m∗v)(2 + (1 +m∗ + n∗)v)2
).

After some simplification, this condition reduces to

4v[(n∗+1)2+[4m∗2+(1+n∗)2+m∗(1+n∗(6+n∗))]v+m∗(1+2m∗+n∗)2v2−16n∗v(1+v+m∗v)] > 0. (59)

Simplifying the left-hand side yields

4v[(−1 + n∗)2 + [4m∗2 + (−1 + n∗)2 +m∗(1 + n∗)2]v +m∗(1 + 2m∗ + n∗)2v2], (60)

which is positive for m∗ ≥ 1 and n∗ ≥ 1.

Proof of Proposition 12: There are two cases that must be analyzed: m = 1 and m = 2. Since

the case where m = 2 is identical to the non-commitment case studied earlier, we focus on the case where

m = 1. In this case, the analyst can sell to either one or two fund managers. Selling to two fund managers

cannot be an equilibrium since, by Proposition 7, the analyst’s profit is less than if he chose to become a

fund manager. On the other hand, if the analyst opts to sell to only one fund manager, he will have an

incentive to deviate.

Denote as agent 1 the fund manager who buys the analyst’s signal, agent 2 the fund manager who does

not buy the analyst’s signal, and agent 3 the analyst. When trading in the financial market, the fund

managers solve

max
xi

E[xi(V + δ − (V + ηy))|Fi], (61)

The optimal solution is xi =
E[δ|Fi]−ηE[xj ]

2η . Assume that x1 = a1s3 + β1s1 and x2 = β2s2. Solving for

a1, β1, and β2 yields

a1 = β1 =
v(2 + v)

2η[2 + 3v(2 + v)]
;

β2 =
v(1 + v)

η[2 + 3v(2 + v)]
.
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Fund manager 1’s profit is

π1(1) =
E(E[δ|s1, s3])2(1− ηβ2)

2

4η
.

If fund manager 1 does not buy the analyst’s information, his profit is π1(0) =
E(E[δ|s1])2(1−ηβ2)2

4η . Thus

the analyst’s profit is

π3 = π1(1)− π1(0) =
(1− ηβ2)

2

4η
[E(E[δ|s1, s3])2 −E(E[δ|s1])2]

=
(1− ηβ2)

2

4η
[
2v

1 + 2v
− v

1 + v
]

=
(1− ηβ2)

2

4η

v

(1 + 2v)(1 + v)
(62)

Now consider the case where agent 3 chooses to be a fund manager. Solving for the symmetric

equilibrium, xi = β0isi yields

β01 = β02 = β03 =
v

2η(1 + 2v)

Agent 3’s profit is

π03 =
E(E[δ|s3])2(1− ηβ02 − ηβ01)

2

4η

=
1

4η

v

1 + v
(1− v

2 + 3v
)2(1− ηβ02)

2

where the last equation follows because ηβ01 =
1−ηβ02
2+3v . Further algebraic manipulation yields β2 − β02 > 0.

The proposition holds if π03 > π3 which is true if v
1+v (1 −

v
2+3v )

2 > v
(1+2v)(1+v) . It is straightforward to

show that this condition holds.

The proof of Proposition 10: It is sufficient to show in two economies, denoted by 1 and 2, that if

Σr0 > Σr1, then W0 > W1.

Because Σr0 > Σr1, P 02 and P 12 + φ have the same distribution, where φ v N(0,Σr0 − Σr1) and φ and

P 12 are independent. Thus

W0 = E[P 02 q
∗(P 02 )− f(q(P 02 ))] = E[(P 12 + φ)q∗(P 12 + φ)− f(q∗(P 12 + φ))]. (63)
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But

(P 12 + φ)q∗(P 12 + φ)− f(q∗(P 12 + φ)) ≥ (P 12 + φ)q∗(P 12 )− f(q∗(P 12 )), (64)

since q∗(P 12 + φ) uniquely maximizes (P 12 + φ)q − f(q). Furthermore, the inequality in (64) is strict for

φ 6= 0. Taking expectation of both sides yields

E[(P 12 + φ)q∗(P 12 + φ)− f(q∗(P 12 + φ))] > E[(P 12 + φ)q∗(P 12 )− f(q∗(P 12 ))]

= E[E[(P 12 + φ)q∗(P 12 )− f(q∗(P 12 ))|P 12 ]]

= E[P 12 q
∗(P 12 )− f(q∗(P 12 ))]. (65)

The last equality follows because E[φ|P 12 ] = 0. Combining (63) and (65) yields W0 > W1.

Proof of Proposition 11: The first-order condition for analyst j’s problem yields

bj = πjtj . (66)

Thus, rj = sj + πjtj . Fund managers do not observe πj and tj , but in equilibrium they infer π∗j correctly.

So when trading fund managers use bsj = rj − π∗jT, which equals sj + π∗j (tj − T ) in equilibrium. Thus, bsj
has precision

bvj = vvt
π∗2j v + vt

(67)

in equilibrium. In a symmetric equilibrium, bvj = bv and π∗j = π∗, for given j.

As in section 3, all fund managers buy from all analysts. The same analysis used in the proof of

Proposition 2 yield the fund manager’s trading strategy which is given by

a =
2bv

η[2(1 +mbv) + (1 + n)v](1 + n)
, (68)

β =
v

η[2(1 +mbv) + (n+ 1)v] . (69)

The stock price is given by

P2 = V + naη
mX
j=1

bsj + βη
nX
i=1

si + ηz. (70)
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The first-order condition for the firm’s optimization problem with respect to q yields

q(p) =
P2
2F

. (71)

Substituting (71), (66) and E[sj ] = 0 into the firm’s problem yields

max
πj

E[
P 22
2F
−

mX
j

π2j tj ]. (72)

Taking the first-order condition yields

E[
P2
F

∂P2
∂πj
− 2πjtj ] = 0 (73)

But ∂P2
∂πj

= naηtj . Substituting this into equation (73) yields

naη

F
E[P2tj ] = 2πjT. (74)

Note also that in equilibrium

E[P2tj ] = E[(V + naη
mX
j=1

(sj + π∗j(tj − T )) + βη
nX
i=1

si + ηz)tj ]

= E[V tj + naηπ∗j (tj − T )tj ]

= V T + naηπ∗j
1

vt
. (75)

Substituting equation (75) and the equilibrium condition, πj = π∗j , into (74), yields

naη

F
V T +

(naη)2

F
π∗j
1

vt
− 2π∗jT = 0 (76)

Similarly, the firm’s second-order condition is

naη

F
(T 2 +

1

vt
)− 2T < 0. (77)
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Because naη ≤ 1, (77) is satisfied if T + 1
Tvt
≤ 2F. Notice that because the objective function is quadratic,

the second-order condition also guarantees that the first-order yields the unique global maximum for the

firm’s optimization problem.

Solving (76) and (67) yields π∗j = π∗, which is a positive solution to the following fifth-order polynomial

equation

2{−n(1 + n)TvV vt[π
∗2v(2 + v + nv) + [2 + (1 + 2m+ n)v]vt]+

Fπ∗{(1 + n)2π∗4Tv2(2 + v + nv)2 + 2v[−n2v + (1 + n)2π∗2T (2 + v + nv)(2 + (1 + 2m+ n)v)]vt

+ (1 + n)2T [2 + (1 + 2m+ n)v]2v2t }} = 0. (78)

There is always at least one positive solution to this equation because when π∗ = 0, the left-hand side is

negative but the coefficient of π∗5 is positive. So for large enough π∗, the left-hand side is positive. By

continuity, there must be a positive π∗ such that (78) is satisfied.

Proof of Proposition 13: At date 2, the equilibrium path is characterized by Proposition 2, with

m = 1 and n = N − 1. At date 1, by the same analysis as in section 3.2, the equilibrium price for an

independent analyst’s information is

p =
4(1− γ)v(1 + v)

(2 + v + nv)2(1 + γv)
. (79)

Therefore, the independent analyst’s equilibrium profit is

πi =
4n(1− γ)v(1 + v)

(2 + v + nv)2(1 + γv)
, (80)

and a fund manager’s profit is

πb =
4γv(1 + v)2

(1 + γv)(2 + v + nv)2
. (81)

39



First check the independent analyst’s incentive-compatibility condition. If the independent analyst decides

to be a fund manager, then there will be n+1 fund managers and each fund manager’s signal has precision

γv. Thus, the deviating independent analyst receives

πb(n+ 1) =
4γv(1 + γv)

(2 + γv + (n+ 1)γv)2
(82)

and the independent analyst’s incentive-compatibility condition is satisfied iff πi − πb(n+ 1) ≥ 0. But

lim
γ→0

[πi − πb(n+ 1)] =
4nv(1 + v)

(2 + v + nv)2
> 0. (83)

Therefore, there exists an γ > 0, such that if γ ∈ (0, γ), the independent analyst’s incentive-compatibility

condition is satisfied.

Now check incentive compatibility for a fund manager. If a fund manager deviates to become an

independent analyst, he produces the same sI as the other independent analyst. But in the market

for information, the two independent analysts engage in Bertrand competition, which implies that the

deviating fund manager’s profit is zero. Thus, a fund manager will not deviate to become an independent

analyst.
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