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Abstract
Recently, exchanges have been directly selling market data. We analyze how this practice
affects price discovery, the cost of capital, return volatility, market liquidity, information
production, and trader welfare. We show that selling price data increases the cost of capi-
tal and volatility, worsens market efficiency and liquidity, and discourages the production
of fundamental information relative to a world in which all traders observe prices. Gener-
ally, allowing exchanges to sell price information benefits exchanges and harms liquidity
traders. Overall, our results suggest that regulations on selling market data can play an
important role in improving market quality and trader welfare.

I. Introduction
Improper early access to market data, even measured in milliseconds,
can in today’s markets be a real and substantial advantage that dispro-
portionately disadvantages real and long-term traders.1
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Price information plays a crucial role in securities markets. Because of this
fundamental role, securities regulators in the United States mandated the forma-
tion of a consolidated tape to provide real-time information on every trade execu-
tion in U.S. equity markets. Trade and quote data also provide a major source of
revenue for stock exchanges.2 The U.S. exchanges jointly own the Consolidated
Tape Association and the Consolidated Quote Association, which together sell the
comprehensive quote and trade data available on the tape. Exchanges share in the
tape revenue depending upon the volume of trades and the production of quotes
in each market.

Some exchanges, however, have found a way to supplement their tape rev-
enue by directly selling market data. For instance, the New York Stock Exchange
(NYSE) sells a variety of direct data feeds via its products NYSE Best Quote,
NYSE Open Book, and NYSE AMEX Best Quote; NASDAQ sells its trade and
quote data directly under the product name NASDAQ ITCH; and the Hong Kong
Exchange has experimented with provision of free real-time prices and is now
moving to a system in which information vendors will be charged for data ac-
cess. Purchasers of the data benefit in that they see the data before they appear on
the consolidated tape, and exchanges benefit by essentially selling the same data
twice, albeit at different speeds. How this practice affects the market is less clear.

In this paper we investigate what happens when some traders purchase early
access to market information. In today’s high-frequency markets, there are many
instances where this occurs. First, purchasing fast data (along with practices such
as co-location of trading terminals with exchange computers) gives rise to a prac-
tice called “latency arbitrage,” whereby some traders are able to see market data
before other traders. Kandel and Tkatch (2008), Hendershott and Moulton (2011),
Hasbrouck and Saar (2013), and Easley, Hendershott, and Ramadorai (2014) an-
alyze latency issues in equity markets. Second, in particularly volatile periods,
delays in data transmission sometimes arise (the “Flash Crash” of May 6, 2010, is
a case in point), and not all traders experience the same delay.3 Such data delays
can also arise from exchange internal technology designs.4 Third, price data on
some trades (odd-lot trades are a particularly important example) are produced by
the market, but until recently were not provided to the public through the consol-
idated tape.5

2Stock exchange revenues come primarily from trading fees, listing fees, and market data. For the
NYSE/Euronext, high market volumes resulted in market data revenues exceeding listing revenues in
2008 and 2009. In 2011, market data products contributed $371 million to total NYSE revenue, and
$333 million to NASDAQ/OMX.

3The Summary Report of the Joint CFTC–SEC Advisory Committee on Emerging Regulatory
Issues (p. 76) noted also that at the height of the flash crash, NYSE quotes in 1,665 securities had
average delays to the Consolidated Quotation System (CQS) of over 10 seconds. Between 2:45 and
2:50PM, over 40 of these stocks had average delays greater than 20 seconds. See also Peterson (2010).

4The SEC recently fined NYSE/Euronext $5 million for sending market data to proprietary traders
before sending such data to the consolidated tape and quote feeds. The NYSE claimed “that the timing
differential stemmed from technology issues” (see “NYSE to Pay 5 Million Dollar Fine to SEC,” Wall
Street Journal (Sept. 14, 2012)).

5O’Hara, Yao, and Ye (2014) demonstrate that odd lots play an increasingly important role in
high-frequency markets. As suggested in that paper, the SEC required reporting of odd lots to the
consolidated tape as of Dec. 9, 2013.
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Our goal is to understand how differential access to price information af-
fects traders’ behavior and the performance of the market. We cast our analy-
sis in a model in which rational traders trade a risky asset with liquidity traders.
Rational traders can either produce or buy fundamental information as well as
purchasing price data from a for-profit exchange to facilitate their trading. If the
profit-maximizing price of market data is high, then in equilibrium only some
traders purchase price data, and therefore our model exhibits differential access to
price information. We show that differential access generally increases the cost of
capital and volatility, reduces market efficiency and liquidity, discourages the pro-
duction of fundamental information, harms liquidity traders, and benefits rational
traders relative to an economy in which all traders observe price data simultane-
ously.

The negative effect on price discovery and the positive effects on the cost
of capital and on volatility arise because “price-informed” traders benefit at the
expense of “price-uninformed” traders who in turn scale back their holdings to
offset the increased risk arising from their lack of information about prices. The
negative effect on market liquidity arises because “price-informed” traders make
prices more responsive to fundamentals and thus less responsive to noise trading.
Relative to a world in which all traders observe prices, allowing exchanges to sell
price information enhances exchange profit and benefits rational traders at the ex-
pense of liquidity traders, whose welfare is increasing in liquidity and decreasing
in the equity risk premium.

Once the impact of selling price data on fundamental information is taken
into account, these negative effects on market quality become even stronger. We
show that acquiring fundamental data and purchasing price data are complemen-
tary. In our economy, traders do not necessarily observe the price (before trading),
and because price information and fundamental information are jointly useful in
predicting the fundamental value of the asset, traders acquire both fundamental
data and price data simultaneously rather than separately. As a result, if the equi-
librium price of market data is high, which directly lowers traders’ incentives to
acquire price information, the amount of fundamental information produced de-
creases as well, thereby further harming price informativeness relative to an econ-
omy without differential access. This, in turn, increases both the cost of capital
and return volatility, and it typically lowers liquidity.

A number of authors (e.g., Admati and Pfleiderer (1986), (1988), (1990),
Allen (1990), Fishman and Hagerty (1995), Veldkamp (2006), Garcı́a and Vanden
(2009), Garcı́a and Sangiorgi (2011), and Chen and Wilhelm (2012)) consider
the issue of selling information in financial markets, although typically in the
context of analysts selling fundamental information to other traders. We extend
this literature by showing how price data and fundamental data are complementary
in our setting. This contrasts with the central result highlighted by the information
sales literature (e.g., Admati and Pfleiderer (1986), Garcı́a and Sangiorgi (2011)),
which states that in traditional settings, information on the price tends to be a
substitute for fundamental information. Our analysis further complements this
literature by exploring the implications of selling price data for market outcomes
(i.e., market efficiency, the cost of capital, return volatility, and liquidity), an issue
not addressed by earlier literature. Finally, in our analysis the precision of the
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price data being sold by the exchange is endogenous because it is determined in
equilibrium by the amount of private fundamental information, which, in turn, is
affected by the equilibrium precision of the price data. By contrast, in the earlier
literature the precision of the to-be-sold data is exogenous (in both cases the value
of the information is endogenous).

Another large literature examines differential access to information in the
context of insider trading (see, e.g., Glosten (1989), Fishman and Hagerty (1990),
Leland (1992), and Cao, Field, and Hanka (2004)). In our baseline analysis, all
traders have equal access to information regarding underlying asset values, but
some traders have “inside information” about market data. In common with the
insider trading literature, we find that this form of differential information affects
liquidity, price discovery, and the cost of capital. Our finding that greater availabil-
ity of price data lowers the cost of capital complements Leland’s (1992) finding
that more insider trading can have a similar positive effect in the market.

A recent paper by Cespa and Foucault (2014) also investigates the role of
price data in securities markets. Their analysis focuses on explaining why a for-
profit exchange optimally restricts access to price information and how this prac-
tice affects price discovery. In contrast, our analysis explores broader implications
of selling price information for market quality beyond market efficiency (such as
the cost of capital, liquidity, and return volatility), which is critical for the cur-
rent policy debate. Most importantly, we study the interaction between selling
price information and gathering private fundamental information, which has been
largely ignored in the existing literature. Because of the various feedback effects
between price information and fundamental information, analyzing this interac-
tion yields new theoretical results. For example, we show that purchasing price
information and acquiring fundamental information are complementary, and, as a
result, curbing access to price information typically reduces the amount of funda-
mental information produced in equilibrium, which further harms market quality.
Hence, our paper complements the analysis by Cespa and Foucault (2014).

Our analysis yields insights into the desirability of allowing exchanges to sell
data, an issue that is now a major policy debate both in the United States and in
Europe. In Europe, there is no consolidated tape, so exchange-data products give
traders information not available elsewhere. In the United States, exchange-data
products give traders information before it appears on the tape. Given the speed at
which high-frequency trading now occurs, any delay now matters for the market
equilibrium.6 We develop the implications of our research for this debate and our
recommendations for regulatory policy in more detail later in the paper.

II. The Model
There are two tradable assets in our economy: one risk-free asset, cash, which

has a constant value of 1; and one risky asset, which has a price of p̃ per unit and

6Direct evidence on the importance of speed is starkly illustrated by the construction of the Hi-
bernian Express, the first new transatlantic cable in 10 years. When it was completed in 2013, the
new $300 million cable reduced the speed of transmitting orders between London and New York to
59.6 milliseconds from 64.8 milliseconds. The project was privately funded and its customers were
large hedge funds engaged in high-frequency trading.
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an uncertain future value denoted ṽ. We assume that ṽ∼N (v̄,1/ρv) with v̄>0
and ρv>0.

There are two types of traders: rational traders and liquidity traders. There is
a continuum [0,1] of rational traders with constant absolute risk aversion (CARA)
utility functions with a common coefficient of risk aversion γ >0. Each rational
trader is endowed with cash only, and for simplicity we suppose that their en-
dowment is 0. Liquidity traders provide the randomness necessary to make our
rational expectations equilibrium partially revealing in the sense that they supply
x̃ units of the risky asset per capita to the market. We do not endogenize the be-
havior of liquidity traders; rather, we view them as individuals who are trading
to invest new cash flows or to liquidate assets to meet unexpected consumption
needs.7

We assume that x̃∼N (x̄ ,1/ρx ) with x̄>0 and ρx >0. The assumption that
the mean per capita supply of the asset is positive is important for our results.
If instead it is 0, then on average there is no aggregate risk to be borne, and in
equilibrium no one will be rewarded for bearing it. We believe that the pricing of
aggregate risk is important, so we focus on the case in which it exists. One can
view this risky asset as a proxy for the stock market, and in this case aggregate
uncertainty is unavoidable.

Initially we assume that each trader i ∈[0,1] is endowed with an independent
private signal:8

s̃i = ṽ+ ε̃i , with ε̃i ∼ N (0,1/ρε) and
ρε > 0.

In Section V, we endogenize the decision to acquire private signals.
Rational traders are further categorized into two groups according to whether

they pay the profit-maximizing exchange a price of q>0 to observe the current
stock price p̃. If a trader acquires p̃, then he or she can submit orders condi-
tional on p̃ and s̃i : DI( p̃, s̃i ). If a trader does not acquire p̃, then he or she can
only submit orders conditional on s̃i : DU(s̃i ). We call those traders purchasing p̃
price-informed traders; the traders not purchasing p̃ are called price-uninformed
traders. We suppose that there is a fraction µ>0 of price-informed traders. In
Section III.C, we endogenize the decision to acquire the contemporaneous price.

It is worth pointing out that in our model the exchange is selling access to
contemporaneous price information. Traders who purchase this information can
condition their demand for the risky asset on the equilibrium price, whereas those
who do not purchase access to price information cannot condition on the contem-
poraneous price. This is of course an abstraction from how modern stock markets
function. In reality, no one can condition on the equilibrium price (and the fact that
it is an equilibrium), and actually there is no single equilibrium price for a stock.

7The noise induced by liquidity traders equivalently can be viewed as random (from the point of
view of rational traders) float of securities. Alternatively, it is possible to model the decision problem
of traders who experience endowment shocks, which would endogenize our liquidity traders. We do
not do this, because it greatly complicates the analysis without providing additional insights.

8For a foundation for a continuum of independent random variables and an exact version of the
law of large numbers, see Judd (1985).
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We use this abstraction to provide insight into the effects of selling differential
access to price information in the cleanest possible setting. We discuss how this
abstraction affects the interpretation of our results in Section VI.B.

Our model is designed to capture the multiple feedback effects arising from
selling price information: The precision of price information affects the incentive
of traders to purchase this information, and the trading of the resulting price-
informed traders will, in turn, determine the precision of the price information
they purchase; in addition, the incentive of traders to acquire fundamental infor-
mation is affected, and this too affects the precision of price information. An al-
ternative would be to examine these feedback effects in a fully dynamic model in
which the exchange sells price data formed in previous periods. Constructing and
analyzing such a dynamic model is a daunting task. We believe that our 1-period
model is a good approximation to capturing the impact of selling price data.9

III. Equilibrium Characterization

A. The Equilibrium at the Trading Stage
We begin by deriving a rational expectations equilibrium (REE) in the stock

market with a fixed fraction µ of price-informed traders. In an equilibrium, there
is a price function such that if all traders conjecture that prices are determined by
this function, then market-clearing prices are in fact determined by this function.
The functional form we derive is:

(1) p̃ = α+βṽ− λx̃ .

So, observing the price is equivalent to observing the following signal about the
asset payoff ṽ:

(2) s̃p =
p̃−α+ λx̄

β
= ṽ−m−1(x̃ − x̄),

where

(3) m =
β

λ

denotes the “market efficiency” or “price informativeness” measure, as is standard
in noisy REE models (e.g., Kyle (1989), Peress (2010), and Ozsoylev and Walden
(2011)).

Given the CARA-normal setup, the demand functions and indirect utility
functions for the traders in our economy take on standard forms. For price-
informed traders and price-uninformed traders these functions are, respectively:

DI( p̃, s̃i ) =
E(ṽ| p̃, s̃i )− p̃
γ var(ṽ| p̃, s̃i )

,(4)

VI( p̃, s̃i ) = −exp
{
−γ W̄i + γ q −

[E(ṽ− p̃| p̃, s̃i )]2

2var(ṽ| p̃, s̃i )

}
,(5)

9Our paper is similar in spirit to that of Biais, Foucault, and Moinas (2015), who use a 1-period
setting to analyze high-frequency trading.
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DU(s̃i ) =
E(ṽ− p̃|s̃i )
γ var(ṽ− p̃|s̃i )

,(6)

VU(s̃i ) = −exp
{
−γ W̄i −

[E(ṽ− p̃|s̃i )]2

2var(ṽ− p̃|s̃i )

}
,(7)

where W̄i is the initial wealth of trader i .
The market-clearing condition is:

(8)
∫ µ

0
DI( p̃, s̃i )di +

∫ 1−µ

0
DU(s̃i )di = x̃ ,

which requires per capita demand for the risky asset to equal per capita supply. To
derive the equilibrium price function, we use Bayes’s rule to compute the condi-
tional moments in the demand functions of various traders, then use the market-
clearing condition in equation (8) to express the price in terms of the fundamental
ṽ and the noise supply x̃ , and finally compare with the conjectured price function
in equation (1) to obtain a system defining the two unknown coefficients β and
λ. Solving this system yields the following proposition characterizing the equilib-
rium price function:

Proposition 1. Supposeµ>0. There exists a unique partially revealing REE, with
price function

p̃ = α+βṽ− λx̃ ,

where

β =
γµ−1m+m2ρx

ρv + ρε +m2ρx
,(9)

λ =
γµ−1

+mρx

ρv + ρε +m2ρx
,(10)

α = (1−β)v̄+ λx̄

−γ x̄[µvar−1(ṽ| p̃, s̃i )+ (1−µ)var−1(ṽ− p̃|s̃i )]−1,

with

m =
µρε(γ 2

+µρvρx +µρερx )
γ (γ 2+µ2ρvρx +µρερx )

,(11)

1
var(ṽ− p̃|s̃i )

=
µ2ρx (ρv + ρε)

γ 2+µ2ρx (ρv + ρε)
1

var(ṽ| p̃, s̃i )
,(12)

1
var(ṽ| p̃, s̃i )

= ρv + ρε +m2ρx .(13)

For an equilibrium to exist, we need to assume µ>0 in Proposition 1. This
is because when µ=0, the market clearing price is not well defined, because no
trader’s demand is sensitive to the price. The assumption of µ>0 is consistent
with the full equilibrium that we analyze in Section III.C, where µ is endoge-
nously derived from the exchange’s profit-maximization behavior. That is, the
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profit-maximizing exchange will always set the cost of price information so that
µ>0, since if µ=0, its profit is zero too. Of course, from a theoretical perspec-
tive, the case of µ=0 may be of its own interest, because it corresponds to an
economy with no price information sold at all. We can examine the behavior of
variables as µ→0 in our model to approximate such an economy.

We define the cost of capital (CC), return volatility (RET VOL), and market
liquidity (LIQUIDITY), as usual, as:

CC ≡ E(ṽ− p̃),
RET VOL ≡ σ (ṽ− p̃), and

LIQUIDITY ≡ λ−1.

That is, the CC is the expected difference between the cash flow generated by the
risky asset and its price. This difference arises from the compensation required
to induce rational traders to hold the risky asset. The return on the risky asset
is (ṽ− p̃), and thus its volatility can be measured by σ (ṽ− p̃). Market liquidity
measures the market depth: A smaller λmeans that liquidity trading has a smaller
price impact, and so the market is deeper. Much of the positive analysis in our
baseline model is focused on the effect of the sale of price information on these
three statistics and on price discovery (i.e., price informativeness m). In Section V,
we also examine how selling price data affect the production of fundamental in-
formation.

B. The Impact of the Fraction of Price-Informed Traders

1. Price Informativeness

Taking the derivative with respect to µ in equation (11) in Proposition 1, we
have

∂m
∂µ

=

(
ρε

γ

)
(γ 2
+µρερx )2

+ γ 2µ(2−µ)ρvρx +µ
2ρvρερ

2
x

(γ 2+µ2ρvρx +µρερx )2
(14)

> 0.

Thus, increasing the fraction of price-informed traders improves price infor-
mativeness. This is because price-informed traders trade more aggressively on
their fundamental information than do price-uninformed traders, so more price-
informed traders will bring more information into the equilibrium price.

Corollary 1. As more traders become price-informed traders, the price becomes
more informative; that is, ∂m/∂µ>0.

2. The Cost of Capital

By Proposition 1, the cost of capital is

CC ≡ E(ṽ− p̃)(15)

=
γ x̄

µvar−1(ṽ| p̃, s̃i )+ (1−µ)var−1(ṽ− p̃|s̃i )
.

So, the cost of capital is increasing in traders’ risk aversion γ , the asset sup-
ply x̄ , and the average risk that traders are exposed to per unit of the asset
[µvar−1(ṽ| p̃, s̃i )+ (1−µ)var−1(ṽ− p̃|s̃i )]−1.
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Increasing the fraction of price-informed traders reduces the cost of capital
through two effects, one direct and one indirect. The direct effect occurs because
price-informed traders demand more of the risky asset than price-uninformed
traders, because their knowledge of the price reduces the riskiness of the asset for
them. So, as more traders become price-informed traders, the equilibrium price of
the risky asset increases. The indirect effect occurs through the positive impact of
a more informative price on the demands of all traders. For price-informed traders,
a more informative price helps them to more accurately forecast the future asset
value, reducing their risk of trading the risky asset. For price-uninformed traders,
a more informative price implies that the prevailing price is closer to the funda-
mental of the asset, and hence they, too, face less risk. Thus, a more informative
price causes all traders to demand more of the risky asset, thereby increasing its
price. This discussion is summarized in the following corollary:

Corollary 2. As more traders become price-informed traders, the cost of capital
decreases; that is, ∂CC/∂µ<0.

Note that this result is independent of the value of µ. In particular, when µ is
very low, it is mainly the direct effect at work, because there is little information
in the price (because m is close to 0). Still, price-informed traders face no price
risk and trade more aggressively than price-uninformed traders, and so increasing
the fraction µ of price-informed traders will push prices up on average, lowering
the cost of capital.

3. Return Volatility

As we increase the fraction of price-informed traders, the price will reveal
more information about ṽ, causing the difference between the future value of the
asset and its current price to be smaller for any amount of noise in the econ-
omy. Thus, the return on the risky asset, (ṽ− p̃), is smaller, which reduces return
volatility.

Corollary 3. As more traders become price-informed traders, return volatility de-
creases; that is, ∂RET VOL/∂µ<0.

4. Liquidity

By equation (10) in Proposition 1,

LIQUIDITY ≡
1
λ
=

Uncertainty Reduction Effect︷ ︸︸ ︷
ρv + ρε +m2ρx

γµ−1︸ ︷︷ ︸
Size Effect

+ mρx︸︷︷︸
Adverse–Selection Effect

.

The fraction of price-informed traders, µ, affects each of the three compo-
nents of liquidity. The first effect is a direct effect arising from the term (γµ−1)
in the denominator. We call this the “size effect” because it describes the direct
impact of the size of the fraction of the price-informed trader population on liq-
uidity. An increase in µ will positively affect liquidity through this effect. When
µ is small, the price will be very responsive to liquidity trading x̃ ; that is, the
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market will be illiquid, because changes in liquidity trader demand will have to
be absorbed by the few price-informed traders, and this can occur only through
large price changes.

The other effects on liquidity are indirect effects that occur through price
informativeness m. Changes in µ affect liquidity differently through these two ef-
fects. The “uncertainty reduction effect” captures the fact that increasingµwill in-
crease price informativeness, causing price-informed traders to trade more aggres-
sively, making price more responsive to fundamentals ṽ than to liquidity trading
x̃ , and thus improving liquidity (see Goldstein and Yang (2015)). In contrast, the
“adverse-selection effect” captures the fact that the improved price informative-
ness will make it possible for price-informed traders to draw stronger inferences
from price, making their demands more responsive to price changes induced by
liquidity trading, and thus making the market less liquid.

Although the impact of µ on liquidity is complex, we can show that the pos-
itive effects dominate, so that as the fraction of price-informed traders increases,
market liquidity increases.

Corollary 4. As more traders become price-informed traders, the market becomes
more liquid. That is, ∂LIQUIDITY/∂µ>0.

Figure 1 illustrates Corollaries 1–4 for the parameter values given by Table 1.
We set the risk-aversion parameter to be γ =3. The other parameters in Table 1
are borrowed from Leland’s (1992) calibration.10 The expected payoff of the risky
asset v̄ is normalized to 1. The ex ante payoff precision ρv is 25, which gives an
annual volatility of 20%. We follow Gennotte and Leland (1990) in setting the
rational trader’s signal-to-noise ratio as 0.2 (i.e., ρε/ρv=0.2), implying that the
precision of the private signal is ρε=5. We normalize the per capita supply of
the risky asset to 1, so that x̄=1. The precision of the liquidity trading is set to
4; that is, ρx=4, which corresponds to an annual volatility of liquidity trading
equal to 50% of total supply. We see that, consistent with Corollaries 1–4, as the

TABLE 1
Parameter Values

Table 1 presents parameter values that are used to compute the equilibrium outcomes in our numerical analysis.

Parameters Values

Risk asset payoff and signals
Ex ante payoff precision (ρv ) 25
Ex ante expected payoff (v̄ ) 1
Private signal noise precision (ρε) 5

Liquidity trading
Precision (ρx ) 4
Mean (x̄ ) 1

Preferences
Risk-aversion parameter (γ ) 3

10Because Leland’s (1992) original calibration is based on annual Standard & Poor’s (S&P) 500
data, our results should also be interpreted on an annual basis. As we explained in the Introduction, the
delay of price data in reality (and hence the period length in our model) depends on specific scenarios,
varying from milliseconds to infinity. We chose an annual frequency for simplicity.
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FIGURE 1
The Impact of Observing Price Information on Market Outcomes

Figure 1 plots price informativeness, the cost of capital, return volatility, and liquidity as a function of the fraction of
price-informed traders. All other parameter values are fixed at the values in Table 1.
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fraction of price-informed traders increases, price informativeness and liquidity
increase in Graphs A and D, and the cost of capital and return volatility decrease
in Graphs B and C.

C. Buying and Selling Price Information
The equilibrium fraction of traders who purchase price information is deter-

mined by comparing the indirect utility of a price-informed trader with that of a
price-uninformed trader. The benefit, B(µ), of purchasing price data is the differ-
ence between the certainty equivalents of these two indirect utilities.11 Calculation
shows that this benefit is:

B(µ) =
1

2γ
ln
[

var(ṽ− p̃|s̃i )
var(ṽ− p̃| p̃, s̃i )

]
(16)

=
1

2γ
ln
[

1+
γ 2

µ2ρx (ρv + ρε)

]
.

11This is the difference between φps and φs in equations (26) and (28) introduced in Section V.
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Observing the market-clearing price has two potential benefits: The trader
knows the prevailing price at which his or her trade will execute, and hence the
immediate price risk is reduced; and, the price contains information about the fu-
ture fundamental value ṽ, and hence it is useful for forecasting. The first benefit
tends to make B(µ) increasing in µ: As more traders observe the price, the price
becomes more efficient, and thus more valuable. The second benefit tends to make
B(µ) decreasing in µ: An increase in µ will cause the equilibrium price to be
closer to the fundamental value, thus decreasing the benefit of reducing price risk
(recall that price informativeness increases with µ). Overall, as the second equal-
ity in equation (16) shows, the second effect dominates, so that the benefit B(µ)
of observing price information decreases with the fraction µ of price-informed
traders.

For any given µ, the maximum amount that the exchange can charge each of
these traders to observe the price is the benefit they receive, B(µ). The revenue the
exchange receives if fraction µ is price-informed is thus B(µ)µ. The exchange’s
decision problem is:

max
µ∈(0,1]

B(µ)µ =
1

2γ
max
µ

{
µ ln

[
1+

γ 2

µ2ρx (ρv + ρε)

]}
.

In this analysis, we have assumed that the exchange only derives revenues from
the sale of price information. In reality exchanges also derive revenues from a
variety of sources, including trading fees. We have ignored this fact by implicitly
assuming that changing µ does not affect revenues from trading that much. Fully
incorporating this linkage would significantly complicate the analysis.

There are two possibilities for the optimal (from the point of view of the
exchange) µ∗: µ∗=1 or 0<µ∗<1. The following proposition provides a charac-
terization of the parameters for which it is optimal for the exchange to sell price
information to everyone (i.e., µ∗ is 1):

Proposition 2. Let ẑ be the constant solving the equation ln(1+ ẑ)= (2ẑ)/(1+ ẑ).
If γ 2/[ρx (ρv+ρε)]≥ ẑ, the equilibrium fraction of price-informed traders is 1 (i.e.,
µ∗=1), and the equilibrium price of information is q∗= B(1). Otherwise, the op-
timal solution is µ∗=γ /

√
ẑρx (ρv+ρε), and the equilibrium price of information

is q∗= ln(1+ ẑ)/(2γ )= ẑ/[γ (1+ ẑ)].

Proposition 2 shows that when the risk-aversion parameter γ is sufficiently
large, the exchange will set µ∗=1. In this case, price information is so valuable
to traders that the exchange can sell it to everyone at a high price. Under the tech-
nology parameter configuration in Table 1, the lower bound for γ characterized
by Proposition 2 is equal to 21.69. Figure 2 provides an illustration of this result.
In Graph A, γ is equal to 3, which is relatively small, and the optimal fraction
of price-informed traders is interior, µ∗=0.1383. In Graph B, γ is equal to 25,
which exceeds the lower bound 21.69, and thus the profit-maximizing fraction µ∗

of price-informed traders is 1.

IV. The Impact of Selling Price Information
We now evaluate the effects of allowing the exchange to sell access to the

price rather than requiring that it be provided to everyone for free. We consider
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FIGURE 2
Exchange Profit in Economies with Exogenous Fundamental Information

Figure 2 plots the profit of the exchange as a function of the fraction of price-informed traders when each rational trader
is endowed with fundamental information. All other parameter values are fixed at the values in Table 1.
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two alternative economies. In ECONOMYF all traders can freely observe the price
perhaps because of SEC regulations requiring equal access to market prices. We
caution that one should not literally interpret this ECONOMYF as an economy
with free market data. Instead, a more proper interpretation is that ECONOMYF

represents an economy with a relatively low price q for market data. This is be-
cause our model does not capture all reasons for exchanges to charge for price
data (e.g., producing market data is costly). We will discuss this issue further in
Section VI.B. Here, in order to convey our ideas most effectively, we take an
extreme view and set q=0 in ECONOMYF.

ECONOMYD is the economy analyzed in the previous sections in which
traders are differentially informed, and the exchange chooses the profit-
maximizing price to charge for access to market prices. The consequences of
requiring the exchange to provide free access are not obvious because market
prices will differ in the two economies. At this point in the analysis we keep ac-
cess to private signals about the value of the risky asset exogenous. Of course,
selling access to market prices affects the value of private information about the
risky asset, and in the next section we endogenize the decision to acquire private
fundamental information.

A. Benchmark Economy: ECONOMYF

We use ECONOMYF in which all traders can freely observe the equilibrium
price as the benchmark economy. This benchmark economy can be viewed as
an economy in which the exchange is required to set the cost, q , of observing
the market price to (be sufficiently close to) 0. In this case all traders have price
information (i.e., µ=1).
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The equilibrium price of the risky asset p̃F is the equilibrium price in Propo-
sition 1 with µ=1. The welfare of each rational trader is the certainty equivalent
of their ex ante utility:

CEF
= −

1
γ

ln(−E[VI( p̃F , s̃i )]),

where

E[VI( p̃F , s̃i )] = −

√
var(ṽ− p̃F | p̃F , s̃i )

var(ṽ− p̃F )
exp

{
−

[
E(ṽ− p̃F )

]2

2var(ṽ− p̃F )

}
.

The revenue that a liquidity trader receives from selling x̃ is ( p̃F
− ṽ)x̃ . The

expected revenue E[( p̃F
− ṽ)x̃] is thus the negative of the expected opportunity

cost E[(ṽ− p̃F )x̃] associated with a trade of x̃ shares. We do not have a utility
function for liquidity traders, and so we cannot compute their welfare. Instead,
we use expected revenue as a proxy for the welfare of liquidity traders to capture
the idea that they are better off if they can realize their hedging or liquidity needs
at a lower expected opportunity cost.12 Thus we let

ERF
≡ E[( p̃F

− ṽ)x̃] = −x̄E(ṽ− p̃F )− λF var(x̃),

where the second equality follows from the price function in equation (1) and
immediately implies that the expected revenue of liquidity traders decreases in
the cost of capital and increases in market liquidity. By default, in this economy
the exchange has a profit of π F

=0.

B. ECONOMYD versus ECONOMYF

In ECONOMYD we denote the equilibrium price of the risky asset result-
ing from the exchange’s optimal price for information, q∗, by p̃∗. This price is
obtained by setting µ=µ∗ in Proposition 1. The profit-maximizing exchange
charges a price q∗ so that each trader is indifferent between becoming price
informed and paying q∗ and remaining price uninformed. Thus, the welfare of
each rational trader is the certainty equivalent of the ex ante utility of a price-
uninformed trader:

CED
= −

1
γ

ln(−E[VU(s̃i )]),

where

E[VU(s̃i )] = −

√
var(ṽ− p̃∗|s̃i )
var(ṽ− p̃∗)

exp
{
−
[E(ṽ− p̃∗)]2

2var(ṽ− p̃∗)

}
.

In this economy the expected revenue of liquidity traders is:

ERD
≡ E[( p̃∗− ṽ)x̃] = −x̄E(ṽ− p̃∗)− λ∗var(x̃),

and the exchange has a profit of π D
=µ∗B(µ∗). Combining Corollaries 1–4 and

using the expressions of ERF and ERD , we have the following proposition:

12The microstructure literature has a long tradition of using the expected trading cost to represent
the welfare of noise traders (e.g., Chowdhry and Nanda (1991), Subrahmanyam (1991), Leland (1992),
and Foucault and Gehrig (2008)).
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Proposition 3. Price informativeness is lower, the cost of capital and return
volatility are higher, liquidity is lower, and liquidity traders have a lower expected
revenue in ECONOMYD than in ECONOMYF.

Thus, allowing the exchange to sell price information at the profit-
maximizing price reduces price informativeness and increases volatility. It also
lowers liquidity and lowers liquidity traders’ expected revenue. For rational
traders, the welfare effect of allowing the exchange to sell access to price in-
formation is ambiguous because of two competing effects: i) ECONOMYD is less
transparent, and rational traders can make more profit from trading with liquid-
ity traders; and ii) in ECONOMYD rational traders have to pay a cost of q∗ to
purchase the price data, whereas it is free in ECONOMYF.

To ask which economy (ECONOMYF or ECONOMYD) is better, we need to
specify an evaluation criterion. There are two possible approaches to defining such
a criterion, one positive and one normative. The positive approach is to examine
the behavior of positive variables that represent market quality. Those variables
include market efficiency (price discovery), return volatility, liquidity, and the cost
of capital, which are central to the current regulatory debates.13

The normative approach is to examine the payoffs of each group of players
in the economy, that is, CE for rational traders, ER for liquidity traders, and π for
the exchange. This approach allows us to discuss who wins and who loses under
a certain policy. Whether the outcomes are desirable depends on the regulation
goal. In our model, liquidity traders can be interpreted as uninformed small retail
traders, and rational traders are more in line with speculators, such as institutional
traders. If the regulator wishes to protect small traders, then the welfare ER of
liquidity traders is the relevant measure. If the regulator wishes to maximize total
surplus, then the sum (CE+ER+π ) across all participants may be a relevant
measure for social welfare.14

Table 2 illustrates the comparison between ECONOMYD and ECONOMYF,
both from a positive perspective and from a normative perspective, for the parame-
ter configuration given by Table 1. Consistent with Proposition 3, we see that mar-
ket efficiency and liquidity decrease and the cost of capital and return volatility

13Both regulators and academia use these positive variables to capture market quality. In reviewing
the market data issues, the Committee of European Securities Regulators (CESR) expressed its con-
cern about what role price information plays “in achieving efficient price discovery and facilitating
the achievement and monitoring of best execution” (CESR Technical Advice (July 2010)). The recent
debate on dark pools also points to price discovery, return volatility, and liquidity as the representative
market quality variables. For example, the European Commission remarks that the “increased use of
dark pools . . . raise[s] regulatory concerns as it may ultimately affect the quality of the price discovery
mechanism on the ‘lit’ markets” (Review of the Markets in Financial Instruments Directive (MiFID),
2010). Thomas Callahan, an NYSE Euronext executive vice president, commented that alternative
trading systems “can harm price discovery and worsen short-term volatility” (“NYSE Euronext Asks
Congress to Press the SEC On Dark Pools,” Trader’s Magazine (June 10, 2009)). Proponents of the
recent short-sales bans in 2008 also cite lowering volatility as one justification for such restrictions.
Many academic papers use these positive variables to study the implications of regulations on various
issues (e.g., Boehmer, Jones, and Zhang (2013) on short-sales ban; Wang (2016) on margin require-
ment; Zhu (2014) on dark pools).

14Of course, the regulator could also consider some weighted sum of nonlinear transformations
of these variables. We determine the individual variables, and the reader can construct any desired
transformation from them.
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TABLE 2
Implications of Selling Price Information in Economies

with Exogenous Fundamental Information

In ECONOMYD, the exchange sells market prices at an endogenous profit-maximizing price q*, and a fraction µ* of
traders purchase the data. In ECONOMYF, the exchange provides price data to everyone at no cost. In both economies,
each trader is endowed with a private signal. The exogenous parameters are set at the values given in Table 1.

Variables ECONOMYD ECONOMYF

Positive Implications
Fraction of price-informed traders (µ) 0.1383 1.00
Price informativeness (m) 0.4313 1.6667
Cost of capital (E(ṽ − p̃)) 0.3113 0.0730
Return volatility (σ(ṽ − p̃)) 0.1795 0.1692
Liquidity (1/λ) 1.3129 4.2529

Normative Implications
Rational traders (CE) 0.1022 0.0581
Liquidity traders (ER) −0.5017 −0.1318
Exchange profit (π) 0.0367 0.00
Total (CE + ER +π) −0.3628 −0.0737

increase if the exchange is allowed to sell price information. So, from a posi-
tive perspective, market quality is lower in ECONOMYD than in ECONOMYF.
In terms of normative implications, by Proposition 3, liquidity traders are worse
off in ECONOMYD than in ECONOMYF. By construction, the exchange is bet-
ter off in ECONOMYD because in ECONOMYF it has a profit of 0. In addition,
for this numerical example, rational traders are better off in ECONOMYD, be-
cause the aforementioned positive effect dominates. In terms of aggregate welfare
(CE+ER+π ), the society is worse off in ECONOMYD than in ECONOMYF.

Note that although the exchange extracts profits from traders as a monopolist,
the interactions among the exchange and traders are not a zero-sum game. This
is because not all market participants are risk neutral. Rational traders are risk
averse, and we measure their welfare with a certainty equivalent. However, we
effectively treat liquidity traders as risk neutral when we measure their welfare
with a expected revenue. So, the trading benefit accruing to rational traders is
generally smaller than the trading loss borne by liquidity traders. This implies a
negative aggregate welfare.15

This negative aggregate welfare may appear odd at first glance. We interpret
it in two ways, both of which are related to liquidity traders. First, note that the
welfare measure ER for liquidity traders has ignored their liquidity/hedging needs
decided outside the financial markets. So, if we instead incorporated these unmod-
eled benefits into our computation, we would expect that the aggregate welfare
measure would turn positive, because otherwise liquidity traders would not have
participated in trading. Second, we may literally interpret liquidity traders as noise
traders who trade too excessively based on their wrong beliefs, as highlighted by
the behavioral finance literature (e.g., Odean (1999), Barber and Odean (2001)).
So, the negative number of ER is a measure of trading loss of noise traders, and
this can result in negative aggregate welfare.

15Only changes in welfare matter for evaluating alternative regulations, so the actual values of
welfare are not important for our analysis.
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V. Endogenous Information Acquisition
We now allow rational traders to decide whether to acquire fundamental in-

formation in addition to deciding whether to acquire price information. That is,
traders can still purchase price data p̃ from the exchange at price q, but they are
no longer endowed with signals s̃i . Instead, if rational trader i wants to observe
signals s̃i , the trader has to pay a cost c>0. The baseline model analyzed in previ-
ous sections corresponds to the special case of c=0. As in Admati and Pfleiderer
(1987), this cost c admits two interpretations. First, there may be an information
production technology available to each individual, and c is the cost that a trader
spends to produce the information. For example, interpreting the voluminous in-
formation released by companies requires skill and effort, and c represents the
cost of acquiring these skills and expending this effort. Second, there may be an
information vendor who produces information and then sells it to investors. A
good example is a brokerage analyst who sells various reports and newsletters
to clients. In this section, we are agnostic about these interpretations and take c
as exogenous. In next section, we endogenize c under the second interpretation.
Of course, the price q of price data is still endogenously derived from the profit-
maximizing behavior of the exchange.

A. The Equilibrium at the Trading Stage
With two information purchase decisions there are potentially four trader

types: “PS-informed” (of mass µps , who purchase both p̃ and s̃i ), “S-informed”
(of mass µs , who purchase s̃i ), “P-informed” (of mass µp, who purchase p̃), and
“Uninformed” (of mass µu , without any information). At the trading stage, there
is an REE in which the price function has the form given by equation (1), and
observing price is equivalent to observing the signal s̃p, given by equation (2).
Using computations similar to those in the previous sections, it is easy to show
that the demand functions of the four types of traders are, respectively,

Dps( p̃; s̃i ) =
E(ṽ| p̃, s̃i )− p̃
γ var(ṽ| p̃, s̃i )

,

Ds(s̃i ) =
E(ṽ− p̃|s̃i )
γ var(ṽ− p̃|s̃i )

,

Dp( p̃) =
E(ṽ| p̃)− p̃
γ var(ṽ| p̃)

, and

Du =
E(ṽ− p̃)
γ var(ṽ− p̃)

.

The market-clearing condition is

∫ µps

0
Dps( p̃; s̃i )di +

∫ µs

0
Ds(s̃i )di +µp Dp( p̃)+µu Du = x̃ .

Solving the market-clearing condition for p̃ yields the following proposition,
which generalizes Proposition 1 to an economy with four types of traders:
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Proposition 4. In the economy with four types of traders, there exists a partially
revealing REE, in which the price function is

p̃ = α+βṽ− λx̃ ,

where

β =
γm+ (µps +µp)m2ρx

µpsρε + (µps +µp)(ρv +m2ρx )
,(17)

λ =
γ + (µps +µp)mρx

µpsρε + (µps +µp)(ρv +m2ρx )
,(18)

α = (1−β)v̄+ λx̄(19)

−
γ x̄[

µpsvar−1(ṽ− p̃| p̃, s̃i )+µpvar−1(ṽ− p̃| p̃)
+µsvar−1(ṽ− p̃|s̃i )+µuvar−1(ṽ− p̃)

] ,

where m is determined by

(20) L(m) = 0,

with

L(m) ≡ µps +µs(21)

×
[µpsρε + (µps+µp)ρv − γm][µpsρε + (µps+µp)(ρv +m2ρx )]

[µpsρε + (µps+µp)ρv − γm]2+ [γ + (µps +µp)mρx ]2
ρv + ρε

ρx

−
γm
ρε

,

and where

var(ṽ− p̃| p̃, s̃i ) =
1

ρv + ρε +m2ρx
,(22)

var(ṽ− p̃| p̃) =
1

ρv +m2ρx
,(23)

var(ṽ− p̃|s̃i ) = (1−β)2 1
ρv + ρε

+ λ2 1
ρx

,(24)

var(ṽ− p̃) = (1−β)2 1
ρv
+ λ2 1

ρx
.(25)

B. The Equilibrium at the Information Acquisition Stage
We next characterize how traders purchase information, which in turn deter-

mines the demand function faced by the exchange. To do so, we first compute how
a trader values the to-be-purchased information ex ante. Then, based on the ex-
pressions of information values, we construct eight possible cases of information
allocations that are consistent with an equilibrium (i.e., the “viable allocations”
in Admati and Pfleiderer (1987)). Finally, we analytically characterize these eight
cases in terms of the information price space (q ,c). We show that for any given
(q ,c)∈R2

++
, there exists a unique equilibrium trader distribution (µps ,µp,µs ,µu).
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1. The Value of Information

We follow Admati and Pfleiderer ((1987), p. 85) and define the “value of
information” as the maximum amount (in terms of foregone consumption) a trader
would pay for the opportunity to see the information before trading. That is, the
information value is the difference between the certainty equivalent of a trader
with the information and that of a trader without it. So, the value of the information
p̃ would be the difference between the certainty equivalent of a P-informed trader
and that of an uninformed trader. We can define the value of observing the signal
s̃i and of observing the two signals { p̃, s̃i} similarly.

Using the expressions of the demand function and the moment-generating
function of χ 2 distributions, we can compute the ex ante utilities of PS-informed,
S-informed, P-informed, and uninformed traders are as follows:

E[Vps( p̃, s̃i )] =

√
var(ṽ− p̃|p, s̃i )

var(ṽ− p̃)
eγ (c+q)E[Vu],

E[Vp( p̃)] =

√
var(ṽ− p̃| p̃)
var(ṽ− p̃)

eγ qE[Vu],

E[Vs(s̃i )] =

√
var(ṽ− p̃|s̃i )
var(ṽ− p̃)

eγ cE[Vu], and

E[Vu] = −exp
{
−
[E(ṽ− p̃)]2

2var(ṽ− p̃)

}
.

Accordingly, their certainty equivalents are, respectively,−γ −1 ln(−E[Vps( p̃, s̃i )]),
−γ −1 ln(−E[Vp( p̃)]), −γ −1 ln(−E[Vs(s̃i )]) and −γ −1 ln(−E[Vu]).

Let φps , φp, and φs denote the value of information { p̃, s̃i}, { p̃}, and {s̃i},
respectively. So, we have:

φps ≡ −
1
γ

ln(−E[Vps( p̃, s̃i )])−
(
−

1
γ

ln(−E[Vu])
)

(26)

=
1

2γ
ln
[

var(ṽ− p̃)
var(ṽ− p̃|p, s̃i )

]
,

φp ≡ −
1
γ

ln(−E[Vp( p̃)])−
(
−

1
γ

ln(−E[Vu])
)

(27)

=
1

2γ
ln
[

var(ṽ− p̃)
var(ṽ− p̃| p̃)

]
,

φs ≡ −
1
γ

ln(−E[Vs(s̃i )])−
(
−

1
γ

ln(−E[Vu])
)

(28)

=
1

2γ
ln
[

var(ṽ− p̃)
var(ṽ− p̃|s̃i )

]
.

2. Learning Complementarities and Viable Information Allocations

Equipped with the notion of information value, we can also examine whether
the two pieces of information p̃ and s̃i are complementary, which yields insight
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into whether a trader is more likely to purchase the two signals simultaneously
than separately, thereby restricting the possible equilibrium information alloca-
tions. In a similar spirit as Admati and Pfleiderer ((1987), p. 87), the two signals
p̃ and s̃i are complements if and only if φps≥φp+φs , and the two signals p̃ and s̃i

are substitutes if and only if φps≤φp+φs . The two pieces of information p̃ and s̃i

are complementary in our economy, as formalized in the following proposition:

Proposition 5. Learning Complementarities. In any equilibrium allocation of
information, we have φps>φp+φs , and thus the two signals p̃ and s̃i are com-
plements.

Thus, the extra benefit of observing price information p̃ is higher for
S-informed traders than for uninformed traders. Similarly, the benefit of observing
fundamental information s̃i is higher for P-informed traders than for uninformed
traders.16 This result may appear to be counterintuitive because Admati and Pflei-
derer (1986) show that the possibility for traders to extract information from prices
reduces the fee they are willing to pay for private fundamental information, sug-
gesting that price information and fundamental information are substitutes rather
than complements. This argument would be correct if traders need to forecast only
the asset’s future value ṽ when they trade the asset, as is the case in Admati and
Pfleiderer (1986), where traders can freely see the price, because the trading on
fundamental information causes the price to be very informative about ṽ as well.
However, in our economy, traders do not observe the price, and so they need to
forecast (ṽ− p̃) rather than just ṽ. In this case, knowing both p̃ and s̃i is particu-
larly useful because knowledge of p̃ completely removes the price risk, and at the
same time, both p̃ and s̃i help to pin down the fundamental value ṽ.17

Proposition 5 shows that P-informed and S-informed traders cannot coexist.
Intuitively, because of the complementarity of the two signals, traders have less
incentive to acquire them individually rather than jointly. We state this result in
the following corollary:

Corollary 5. P- and S-Informed Traders Cannot Coexist. In any information mar-
ket equilibrium, it is not possible to have both P-informed and S-informed active
traders. That is, in any equilibrium, at least one of the two masses µp and µs must
be 0.

In Proposition 4, m is implicitly determined by equations (20) and (21).
Corollary 5 allows us to analytically solve for m, because when µs or µp is 0,
equations (20) and (21) admit an analytical solution.

16Boulatov and Dierker (2007) provide a related result showing that price data are more valuable
to those traders with more precise private fundamental information. Our analysis differs from theirs in
two important ways. First, the precision of price information in their model is exogenous. They employ
a standard Kyle (1989) model with risk-neutral traders and market makers. The price is therefore set
by market makers who receive an exogenous new piece of dividend information, which is incorporated
into prices that will be sold by the exchange. Second, they do not allow traders to acquire fundamental
information endogenously. We believe these two issues are essential features of price information
because they are responsible for the feedback effects that are unique to price information.

17Note that in our model, purchasing price information means both i) purchasing the right to submit
price-contingent orders and ii) purchasing a signal on the asset value. The first feature is important for
the complementarity result in Proposition 5. See related discussions in Section VI.B.
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Corollary 6. (i) When µs=0, we have m=γ −1µpsρε. (ii) When µp=0, we have

m =
µpsρε(γ 2

+ ρvρxµ
2
ps + ρxρεµ

2
ps +µsρvρxµps +µsρxρεµps)

γ (γ 2+ ρvρxµ2
ps + ρxρεµ2

ps +µsρxρεµps)
;

and, moreover, ∂m/∂µps>0 and ∂m/∂µs>0.

The fact that µp and µs cannot both be positive in Corollary 5 puts restric-
tions on the possible information allocations in equilibrium. In addition, in order
to maintain a positive demand for price data and hence nonzero profit for the ex-
change, at least one of the two masses µps and µp must be positive in equilibrium,
which further limits the possible allocations consistent with equilibrium. Overall,
we have eight cases of viable information allocation, as illustrated in Table 3.

TABLE 3
Supported Trader-Type Allocations

Table 3 presents various cases of trader-type allocations together with the equilibrium conditions characterizing these
respective cases.

Cases Equilibrium Conditions

(1) µps >0,µp =0,µs >0,µu >0 φps − (q+c)=φs −c=0≥φp −q
(2) µps >0,µp =0,µs >0,µu =0 φps − (q+c)=φs −c≥0, φs −c≥φp −q
(3) µps >0,µp >0,µs =0,µu >0 φps − (q+c)=φp −q=0≥φs −c
(4) µps >0,µp >0,µs =0,µu =0 φps − (q+c)=φp −q≥0,φp −q ≥φs −c
(5) µps >0,µp =0,µs =0,µu =0 φps − (q+c)=0,φp −q≤0,φs −c≤0
(6) µps =1 φps − (q+c)≥0,φps − (q+c)≥φp −q ,φps − (q+c)≥φs −c
(7) µps =0,µp >0,µs =0,µu >0 φp −q=0,φps − (q+c)≤0,φs −c≤0
(8) µp =1 φp −q≥0,φp −q≥φps − (q+c),φp −q≥φs −c

3. The Existence and Uniqueness of Equilibrium

In Table 3, for each possible case of information allocation, we present the
equilibrium conditions in terms of information value and information cost. Specif-
ically, for a trader-type distribution (µps ,µp,µs ,µu)∈R4

+
to be an equilibrium at

the information acquisition stage, we require the following two “no-deviation”
conditions to be satisfied: (i) the active types of traders (i.e., those types of traders
with positive µs) must have the same utility level, and (ii) the inactive types of
traders (i.e., those types of traders with µ=0), cannot have higher utility levels
than the active types. Condition (i) is required, because if some active type, say,
type a, has a lower utility level than another active type, say, type b, then type a
traders would like to switch to become type b traders, and so type a will no longer
be an active type. Condition (ii) is required for a similar reason.

We then further characterize these equilibrium conditions in terms of infor-
mation prices (q,c) and other primitive parameters. In particular, we show that
the sets of (q,c) supporting the eight cases of information allocation jointly cover
R2
++

. This implies that for any given information price pair (q,c), we can always
find an equilibrium at the information acquisition stage. In addition, we can ana-
lytically characterize this equilibrium and show that it is unique. The details are
provided in 8 lemmas in the Internet Appendix (available at www.jfqa.org), and
here we present only the following proposition on the existence and uniqueness
of equilibrium.
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Proposition 6. For any c>0 and q>0, there exists a unique equilibrium
(µps ,µp,µs ,µu) at the information acquisition stage.

Figure 3 plots the eight cases of supported trader-type distributions in the
space of (q,c) for the parameter values given in Table 1. Generally speaking, as
q becomes higher, fewer traders will purchase price data p̃, and similarly, as c
becomes higher, fewer traders will acquire the fundamental information s̃i .

The three graphs in Figure 3 differ only in the upper boundary of the Case
(1) information allocations in which PS-informed, S-informed, and uninformed
traders are active. Specifically, in Graph C, we have γ ≥

√
ρερx , and the upper

boundary of Case (1) decreases with q, whereas in Graphs A and B, the up-
per boundary of Case (1) first increases and then decreases with q . Graphs A
and B are further differentiated by whether the maximum value of c in Case (1)
exceeds a threshold cost of fundamental information, c= (2γ )−1 ln(1+ρε(ρv+
(ρε/γ )2ρx )−1), as defined by equation (31) in ECONOMYF, which we will dis-
cuss shortly. In Graph A, we have γ <0.5

√
(ρvρερx )/(ρv+ρε), and the maxi-

mum value of c in Case (1) is greater than c, whereas in Graph B, we have
0.5
√

(ρvρερx )/(ρv+ρε)≤γ <
√
ρερx , and the maximum value of c in Case (1)

does not exceed c.

FIGURE 3
Trader Distributions with Endogenous Fundamental Information

Figure 3 plots the regimes of trader types in equilibrium in the space (q , c) when fundamental information is endogenous.
The absolute risk-aversion coefficient γ is 1.5, 3, and 5, respectively in Graphs A, B, and C. All other parameter values
are fixed at the values in Table 1.
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C. Information Acquisition in ECONOMYF

We now describe equilibrium information acquisition decisions in the bench-
mark economy, ECONOMYF, in which all traders observe price information for
free (i.e., q=0). In this economy, traders are either PS-informed or P-informed;
that is, µp+µps=1. Actually, from Figure 3, we can see that as long as the price
q is sufficiently low or, more specifically, as long as

q ≤ (2γ )−1 ln
[

1+ γ 6ρv

(
ρx

(
γ 2ρv + γ

2ρε + ρxρ
2
ε

)2
)−1
]

,
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the relevant trader distributions are Cases (4), (6), and (8), and only PS- and
P-informed traders are active in these cases.

By Corollary 6, we have m=γ −1µpsρε. Equations (22), (23), (26), and (27)
imply that the benefit of observing fundamental information is

(29) B F (µps) ≡ φps −φp =
1

2γ
ln
[

1+
ρε

ρv + (µpsρε/γ )2ρx

]
,

which is decreasing in µps .
It will be useful to define two extreme values for the benefit of acquiring

private signals. This benefit is largest when no one else is informed, µps=0, and
it is smallest when everyone else is informed, µps=1. Specifically, we define

c̄ ≡ B F (0) =
1

2γ
ln
(

1+
ρε

ρv

)
and(30)

c ≡ B F (1) =
1

2γ
ln

1+
ρε

ρv +

(
ρε

γ

)2

ρx

 .(31)

If the cost of acquiring signals is too large, c≥ c̄, then the equilibrium fraction µF
ps

of PS-informed traders is 0. Alternatively, if it is sufficiently low, c≤c, then µF
ps=

1. Finally, if c∈ (c, c̄), µF
ps is determined by B F (µps)=c, which is characterized

by the following proposition:

Proposition 7. Suppose c≤c≤ c̄. The equilibrium fraction µF
ps of PS-informed

traders in ECONOMYF is determined by

µF
ps =

γ

ρε

√√√√ ρε

e2γ c− 1
− ρv

ρx
,

and the price informativeness is m F
=γ −1µF

psρε.

D. The Implications of Selling Price Information
We next examine how the exchange sets the price q to maximize profit

in ECONOMYD, and then we analyze the implications of selling price data.
In the Internet Appendix, Part (b) of Lemmas 1–8 analytically characterizes
(µps ,µp,µs ,µu) for a given information price pair (q ,c). This in turn determines
the demand function for price data, which is the critical input to the exchange’s
profit-maximization problem. Figure 4 plots the demand function (Graph A) and
the profit function (Graph B) of the exchange, assuming that the cost c of ac-
quiring the fundamental information s̃i is set at 0.0216. The other parameters are
given by Table 1. The profit-maximizing price q∗ is 0.2657 under this parame-
ter configuration, and the resulting equilibrium trader distribution is µ∗ps=0.1295
and µ∗u=0.8705 (i.e., Case (5) in Table 3).

For the same parameter configuration in Figure 4, the corresponding total
amount of fundamental information µF

ps in ECONOMYF is 0.9976. So, relative
to ECONOMYF, where price information is free, selling it in ECONOMYD re-
duces the total amount of fundamental information produced by traders. The intu-
ition for this result follows from the learning complementarity result identified in
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FIGURE 4
Demand for Price Data and Exchange Profit in Economies

with Endogenous Fundamental Information

Figure 4 plots the demand for price data and profit of the exchange as a function of the price q of price data p̃ when
traders have to spend a cost c to acquire fundamental information s̃i . The parameter c is set at 0.0216. All other parameter
values are fixed at the values in Table 1.
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Proposition 5. That is, as q becomes higher, traders have less incentive to purchase
price data, and because price information and fundamental information are com-
plementary to each other, they will have less incentive to produce fundamental
information as well, other things being equal. Formally, we can prove the follow-
ing proposition. (The condition c< c̄ ensures that there are always some traders
acquiring fundamental information. If otherwise c≥ c̄, as shown in Figure 3, no
traders will produce fundamental information for any value of q , and so the total
amount of fundamental information is 0 independent of q .)

Proposition 8. Crowding-Out Effect. Suppose c< c̄. If the optimal price q∗ set by
the exchange is sufficiently high, then there is less fundamental information in
ECONOMYD than in ECONOMYF.

In Table 4, we conduct an exercise similar to Table 2 to illustrate the implica-
tions of selling price data in an economy with endogenous fundamental informa-
tion acquisition. We see that the main message is similar to Table 2. That is, rela-
tive to ECONOMYF, all market quality variables become worse in ECONOMYD:
The total amount of information becomes lower, the market becomes less infor-
mative and less liquid, and the cost of capital and return volatility become higher.
Also, rational traders are better off in ECONOMYD than in ECONOMYF, liquid-
ity traders have lower expected revenue, and aggregate welfare is lower.

Formally, we can show the following proposition:

Proposition 9. ECONOMYD versus ECONOMYF. Suppose c≤c≤ c̄ and γ ≥

0.5
√

(ρvρερx )/(ρv+ρε). Relative to ECONOMYF, ECONOMYD has a (weakly)
lower price informativeness, a higher cost of capital, a higher return volatility, a
lower liquidity, and a lower expected revenue of liquidity traders.
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TABLE 4
Implications of Selling Price Information in Economies

with Endogenous Fundamental Information

In ECONOMYD, the exchange sells market prices at an endogenous profit-maximizing price q∗=0.2657. In ECONOMYF,
the exchange provides price data to everyone at no cost. In both economies, traders can acquire a private signal at an
exogenous cost c=0.0216. The exogenous parameters are set at the values given in Table 1.

Variables ECONOMYD ECONOMYF

Positive Implications
Trader distributions
PS-informed (µps ) 0.1295 0.9976
P-informed (µp ) 0.00 0.0024
S-informed (µs ) 0.00 0.00
Uninformed (µu ) 0.8705 0.00

Total amount of information (µps +µs ) 0.1295 0.9976
Price informativeness (m) 0.2159 1.6627
Cost of capital (E(ṽ − p̃)) 0.3490 0.0731
Return volatility (σ(ṽ − p̃)) 0.4310 0.1693
Liquidity (1/λ) 1.2564 4.2532

Normative Implications
Rational traders (CE) 0.1093 0.0365
Liquidity traders (ER) −0.5480 −0.1319
Exchange profit (π) 0.03442 0.00
Total (CE + ER +π) −0.4043 −0.0954

We include the condition γ ≥0.5
√

(ρvρερx )/(ρv+ρε) in Proposition 9 to ex-
clude the possibility of Graph A of Figure 3. This is because the characterization
of the expression ofµs in Lemma 1 of the Internet Appendix is rather complicated,
which precludes a simple analytical proof for the implications of increasing the
price q in Case (1) of information allocations. We have used numerical simula-
tions to show that the condition γ ≥0.5

√
(ρvρερx )/(ρv+ρε) in Proposition 9 is

not very stringent. For example, with the parameter configuration in Table 1, we
have 0.5

√
(ρvρερx )/(ρv+ρε)=2.04, so any γ ≥2.04 is sufficient for our result.

VI. Extensions and Discussions

A. Selling Both Types of Information
In this subsection, we extend our analysis to endogenize both the price q

of price information and the price c of fundamental information. We consider two
interesting cases. In both cases, the exchange sells price data, but the seller of fun-
damental information differs across the two cases. In the first case, an independent
information vendor, such as Thomson Reuters, sells (personalized) fundamental
information s̃i to traders. The fundamental information in this case can be under-
stood as the reports and newsletters distributed by analysts, or consumer sentiment
data. In the second case, the exchange sells both market and fundamental infor-
mation.18

For a given price pair (q,c), the supported trader distribution (µps , µp,
µs , µu) is analytically characterized in Part (b) of Lemmas 1–8 provided in

18A recent trend is for exchanges to sell both market and fundamental data. For example, Deutsche
Borse sells early access to the Chicago Business Barometer. For discussions of this practice in
the press, see “High-Frequency Traders Flat-Out Buying Data ahead of You,” Wall Street Journal
(Aug. 28, 2012); “High-Frequency Traders Once Again Flat Out Buying Data ahead of You,” Wall
Street Journal (Sept. 12, 2012); and “Share Trading Volumes Drop after Reuters Changes Release
Schedule,” Financial Times (July 12, 2013).
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the Internet Appendix. This determines the demand (µps+µp) for price informa-
tion and the demand (µps+µs) for fundamental information. So, the profit πprice

from selling price data and the profit πfdm from selling fundamental data s̃i are,
respectively,

πprice(q ,c) ≡ q × (µps +µp) and πfdm(q ,c) = c× (µps +µs).

In the first case, we view the exchange and the information vendor as playing
a normal-form game with q and c as their strategies, respectively. That is, each
information seller takes the price set by the other seller as given and chooses its
own price to maximize its profit. Specifically, their profit maximization problems
are, respectively:

max
q
πprice(q,c) and max

c
πfdm(q,c).

The first-order conditions of the two problems define the two best response func-
tions, whose intersection in turn determines a Nash equilibrium price vector
(q∗,c∗). In the second case, the exchange simply chooses (q ,c) to maximize the
total profit πprice(q,c)+πfdm(q ,c); that is,

max
(q ,c)
[πprice(q,c)+πfdm(q,c)].

The solution (q∗∗,c∗∗) to this problem determines the equilibrium pricing policy of
the exchange. In both cases, we can use the computed equilibrium price vector and
Lemmas 1–8 of the Internet Appendix to find the corresponding trader distribution
and then follow the same steps as in the baseline model to compute the relevant
positive and normative variables.

In Figure 5, we graph these two cases for the parameter configuration in
Table 1. In Graph A, we assume two different information sellers and plot the two
best response functions. We find that they intersect at q∗=0.2350 and c∗=0.0301,
which is the equilibrium pricing policy in this case. In Graph B, the exchange sells
both price and fundamental data. The total profit is maximized at q∗∗=0.2090 and
c∗∗=0.0042.

In Table 5, we present the resulting positive and normative variables. In the
case with two different information sellers, the trader distribution is µ∗ps=0.1409
and µ∗u=0.8591, which is comparable to ECONOMYD in Table 4, where c is
fixed at 0.0216. However, in the second case in which the exchange sells both
market and fundamental data, the trader distribution changes to µ∗ps=0.1731 and
µ∗s =0.8269. Note that µ∗s =0 in the first case and µ∗u=0 in the second case. What
is going on here is the following: In the first case, both the exchange and the infor-
mation vendor are charging a relatively high price, so that if traders purchase in-
formation, they would purchase both pieces of information (recall that p̃ and s̃i are
complementary). By contrast, in the second case in which the exchange controls
both q and c, the exchange finds it more profitable to set a low value of c, so that
many traders purchase only fundamental information and become S-informed;
and the trading of these S-informed traders will in turn make the price very infor-
mative, which enhances the exchange’s profitability from selling price data.

We find that overall, under the parameter configuration in Table 1, as we
go from the first case with two different information sellers to the second case
with only one information seller, the price is more informative, the market is
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FIGURE 5
Selling Both Types of Information

A trader must to pay q to see price information and c to see fundamental information. In Graph A of Figure 5, the
exchange sells price information, and an information vendor sells fundamental information. This graph plots the best
response functions of the two information sellers. In Graph B, the exchange sells both price information and fundamental
information. This graph plots the exchange’s overall profit against the information price vector (q , c). The parameter
values are fixed at the values in Table 1.
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TABLE 5
Selling Both Types of Information

A trader needs to pay q to see price information and c to see fundamental information. In one case, the exchange
sells both price information and fundamental information. In the other case, the exchange sells price information, and an
information vendor sells fundamental information. The parameter values are fixed at the values in Table 1.

Variables

The Exchange Sells Price
Information, and the Vendor

Sells Fundamental Information

The Exchange Sells
Both Types of
Information

Information Prices
Price data (q) 0.2350 0.2090
Fundamental information (c) 0.0301 0.0042

Positive Implications
Trader distributions
PS-informed (µps ) 0.1409 0.1731
P-informed (µp ) 0.00 0.00
S-informed (µs ) 0.00 0.8269
Uninformed (µu ) 0.8591 0.00

Total amount of information (µps +µs ) 0.1409 1.00
Price informativeness (m) 0.2349 0.5555
Cost of capital (E(ṽ − p̃)) 0.3144 0.2348
Return volatility (σ(ṽ − p̃)) 0.4033 0.3392
Liquidity (1/λ) 1.3595 1.5970

Normative Implications
Rational traders (CE) 0.1013 0.0799
Liquidity traders (ER) −0.4983 −0.3914
Exchange profit 0.0331 0.0403
Vendor profit 0.0042 0.00
Total (CE + ER +πprice+πfdm) −0.3597 −0.2712

more liquid, the cost of capital and return volatility are lower, liquidity traders
are better off, the exchange earns more profit (than the sum of the two informa-
tion sellers’ profits in the first case), and the aggregate welfare is higher. This all
occurs because more traders purchase fundamental information in the second case
in which the exchange sells both types of information.
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B. Interpretation of Results
In this subsection, we discuss some limitations of our modeling approach as

well as the interpretation of the results. First, as we noted in Section II, we adopt a
1-period model to capture the multiple feedback effects arising from selling price
information. In our model, by construction, price-informed traders differ from
price-uninformed traders in two ways: i) price-informed traders see the price,
whereas price-uninformed traders do not; and ii) price-informed traders submit
demand schedules, whereas price-uninformed traders submit market orders. De-
mand schedules are close to limit orders in practice, and trading platforms charge
distinct fees for limit orders and market orders, which are called maker and taker
fees, respectively (Foucault, Kadan, and Kandel (2013)). So, it is interesting to
examine separately the roles of i) and ii) in delivering our results.

To do so, we consider the special case in which ρε converges to 0 so that
traders’ fundamental signals are uninformative. In this limiting case, prices are
uninformative about the fundamental ṽ (i.e., β and m go to 0), and so traders
buy price data only for the added flexibility in the specification of their trading
plans (i.e., only difference ii) is present). We find that many of our results prior
to Section V continue to hold. Specifically, as q decreases and the fraction of
price-informed traders, µps , increases, the cost of capital and return volatility de-
crease, liquidity traders become better off, and rational traders become worse off.
The price informativeness and liquidity implications are different from Corollar-
ies 1 and 4: Now price informativeness m is not affected by µps , and liquidity
always increases with µps because only the size effect is active. Because we have
shut down the fundamental information, the results in Section V that are due to
interactions between two pieces of information vanish; that is, the learning com-
plementarity result in Proposition 5 and the crowding-out result in Proposition 8
do not arise.19

So, to the extent that we interpret the limiting economy with ρε=0 as cap-
turing the difference in limit versus market orders, our analysis suggests that the
practice of rebating limit orders by platforms promotes market quality. We do
not attach much weight to this interpretation of the limiting case of ρε=0 be-
cause our model does not capture many important features differentiating limit
and market orders (e.g., their ability to satisfy the trading needs of traders with
different patience parameters as in Colliard and Foucault (2012)). Instead, we put
more emphasis on the analysis of the general cases of ρε>0, and at the same time
we acknowledge that our modeling approach combines the implications of selling
price information and allowing traders to use different trading strategies.

We next discuss two important features ignored by our model: that accom-
modating trading and price discovery are not costless and that, in practice, ex-
changes are not monopolists. Both features will affect the interpretation of the
policy implications of promoting markets with “free” market data.

It is certainly costly for exchanges to provide market data. But once it exists
it is a “public good,” because use of it by 1 trader does not preclude another trader

19Actually, the limiting economy of ρε=0 can also be viewed as a special case of c≥ c̄ in Sec-
tion V, so that no trader would acquire fundamental information endogenously, and only Cases (7)
and (8) of trader distribution are relevant.
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from using the same data.20 So we can borrow some insights from the public
economics literature to study the implications of selling price data. Specifically,
suppose that it costs a fixed amount of K >0 for the exchange to produce market
data and accommodate trading. Because this cost is fixed, the profit maximization
behavior of the exchange in ECONOMYD will not be affected. In this case, simple
average cost pricing is a reasonable way (for a regulator) to price the market data
produced by a monopoly market (e.g., Brown and Heal (1983)). That is, every
market participant could be charged a flat fee, q R , for access to the market data
where this fee is set so that the exchange recovers its cost. This flat fee could be
viewed as a regulated price q R such that the total revenue from selling market data
is equal to its fixed cost K . In the benchmark ECONOMYF in our analysis, market
data would no longer be free, but instead, they would have a benchmark price q R .
Because our proofs are all based on comparative statics with respect to q, similar
results regarding the comparison between ECONOMYD and ECONOMYF would
continue to hold in this alternative setup as long as q R<q∗ (see the Appendix).

In our analysis we have assumed a single exchange that fully utilizes its
monopoly power in selling market data. In practice, exchanges compete for or-
der flow and trading. It is likely that exchanges subsidize order submission and
trading in order to generate the valuable price information that they sell.21 If so,
it is much less obvious that all traders would be harmed by the sale of price
data. Actually, a force of this kind manifests itself in Section VI.A, where the
exchange sells both market and fundamental data. There, the exchange sets a very
low price c of fundamental data to attract more traders to become S-informed in
order to generate valuable price data that it can sell. Indeed, the market improves,
and liquidity traders are better off relative to an economy where two information
vendors sell two types of data independently (see Table 5). However, this econ-
omy with the exchange selling both types of information is still worse than the
benchmark economy, ECONOMYF in Table 4, in terms of market quality vari-
ables and the aggregate welfare. So, we conjecture that in the presence of multi-
ple exchanges, the competition among them tends to improve market quality and
benefit liquidity traders. However, whether this force is strong enough to over-
turn our analysis pertaining to the monopoly exchange is ambiguous. Conducting
a full analysis incorporating competitions among exchanges is beyond the scope
of this paper.

VII. Tape Data and Regulatory Policy
Allowing exchanges to sell price data to traders introduces important price

discovery, cost of capital, return volatility, liquidity, and welfare effects. These
effects arise because trade information is valuable, both to the traders who
know it and to the exchanges that produce it. It is hardly surprising, therefore,

20Of course, prior use of the data might affect the value of the data to subsequent traders, but that
does not make the data a private good.

21Whether such subsidization applies to all traders, however, is unclear. In current markets, ex-
changes have been offering specials benefits (such as co-location, special fee structures and order
types) to high-frequency firms that generate massive trading volumes. They have not been subsidizing
retail order flow.
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that exchanges want to sell trade data and some traders want to buy it. The ques-
tion of interest, however, is what should regulatory policy be regarding access to
and distribution of trading process information?

To understand the context for this debate, consider the current situation in
both the United States and Europe with respect to tape data. As noted earlier, the
United States has a consolidated tape to which trades and quotes, in principle,
must be reported in real time. In practice, some trades (e.g., odd lots) have not
been reported to the tape, and the processing of the trades and quotes that are
reported requires some time. Whereas in times past these delays ran to several
seconds, in 2008 the average latency of the tape was on the order of 20–50 mil-
liseconds, and it is now variously estimated at between 5 and 10 milliseconds.22

In Europe, there is no mandatory consolidated tape, and exchanges and trading
platforms sell proprietary data feeds. Most U.S. exchanges and markets also pro-
vide trade data products, and selling information is a significant source of profit
for exchanges worldwide.

The SEC and the CESR are both reviewing their respective market structures
with respect to data issues. In Europe, the main question is whether to establish
a mandatory consolidated tape. The focus here is on the role price information
plays “in achieving efficient price discovery and facilitating the achievement and
monitoring of best execution.”23 In the United States, the issue is proprietary data
feeds, with the SEC posing the issue as being one of “fairness.” Specifically, the
SEC asks “is the existence of any latency, or disparity in information transmitted,
fair to investors or other market participants that rely on the consolidated market
data feeds and do not use individual trading center data feeds?”24

Both issues essentially involve questions of differential access to price in-
formation, and our analysis provides insights into the debate. With respect to the
mandatory tape, our analysis shows that market efficiency (i.e., price discovery)
and market liquidity are higher and the cost of capital and return volatility are
lower when the prices are provided to traders at a lower price. Our analysis also
shows that observing price information encourages the production of fundamen-
tal information, further improving price discovery. In general, market efficiency
is enhanced by greater access to price information, and this is most easily attained
with a consolidated tape.

Whether exchanges should also be allowed to sell proprietary data feeds
is more complex. Exchanges defend the practice of selling data by noting that
such data are not costless to produce, and the revenue they obtain from selling
data allows them to invest in the costly trading systems needed to produce high-
quality trades and quotes. We acknowledge that there is some merit in this defense.
Meanwhile, our analysis also suggests that lowering the price of market data can

22Regulation National Market System (Reg NMS) did not require exchanges to stop providing data
feeds, but it did require that they send data to subscribers at the same time that they send the data to
the consolidated tape. The current latency difference is thus determined by the time it takes to process
the data at the consolidated level. For estimates of current latency speeds, see BATS comment letter
(Apr. 10, 2010).

23See CESR Technical Advice to the European Commission in the Context of the MiFID Review
and Responses to the European Commission Request for Additional Information ((July 2010), p. 28).

24See SEC Concept Release on Equity Market Structure ((Apr. 2010), p. 62).
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improve market quality in general. Although the exchanges share in the tape
revenues from the consolidated tape, selling proprietary data allows trading
venues to meet the needs of specialized trading groups. BATS (the third largest
trading venue in the United States), for example, actually gives away its data feeds
as a competitive inducement to attract high-frequency traders to its trading plat-
form. The exchanges further note that access to the data is “fair” in that they are
willing to sell data to any or all traders willing to pay for the data.

We believe that the SEC’s query regarding fairness misses the bigger pic-
ture. Selling data in our model does result in some traders doing better than oth-
ers, and it benefits exchanges. Yet, these redistributive effects are only part of
the story.25 Allowing some traders to purchase better information affects price
discovery, the cost of capital, return volatility, market liquidity, information pro-
duction, and trader welfare. In our view, when evaluating the practice of selling
price information, these implications for market quality and trader welfare should
be carefully taken into account.

Should the SEC also preclude exchanges from selling data that are not part of
the price and quote montage? Here, two issues come to the fore. First, exchanges
do sell other market data such as order placements and cancellations, and depth
levels away from the quote. Such data can be valuable to traders pursuing partic-
ular trading strategies in that the data can help them lower transactions costs. As
such, it would seem to be an acceptable practice. A second, and more contentious
issue, is whether to allow exchanges to sell fast feeds to fundamental data. In par-
ticular, exchanges have begun selling fast access to Fitch ratings changes. These
data, which are delivered via the exchanges’ high-speed data lines, allows high-
frequency traders to learn information before everyone else. Although in isolation
this can be viewed as just another way in which traders purchase information, our
model suggests that when done in combination with the purchase of fast price
data, this practice can have large effects on the market.

From a broader perspective, providing information to some traders but not
to all may have unexpected effects, particularly if this practice reduces the trans-
parency of markets to uninformed traders. Easley and O’Hara (2010) demonstrate
that ambiguity can reduce participation in markets. To the extent that traders per-
ceive greater ambiguity attaching to markets that selectively sell data, they can
opt to trade elsewhere or not at all.26 Such an outcome will surely restrict an ex-
change’s data sales even without regulatory involvement.

25Fairness, per se, is not necessarily an overriding goal for market design because market partici-
pants are not all inherently equal. The SEC has not traditionally required a “one size fits all” market
structure in recognition of the needs that different traders face.

26Such a situation was alleged to have occurred in May 2010 in Europe with respect to data dis-
tributed by Chi-X and BATS Europe. In a report from Themis Trading, Arnuk and Saluzzi (2010)
alleged that high-speed data packages sold by BATS and NASDAQ-OMX allowed purchasers to dis-
cern the existence of hidden orders, thereby disadvantaging hidden limit order traders. Disclosure of
this practice prompted European trading platform Turquoise to issue a statement to the effect that its
data feeds did not reveal such information. Traders subsequently routed order flow away from Chi-X
and BATS, causing a dramatic fall in both venues’ trading volume. Chi-X and BATS subsequently
changed their data feeds to limit the data revealed.
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Appendix. Proofs
Proof of Corollary 2. Direct computation shows:

∂

∂µ

(
µ

var(ṽ| p̃, s̃i )
+

1−µ
var(ṽ− p̃|s̃i )

)
=

[
1

var(ṽ| p̃, s̃i )
−

1
var(ṽ− p̃|s̃i )

]
+

[
µ
∂

∂µ

1
var(ṽ| p̃, s̃i )

+ (1−µ)
∂

∂µ

1
var(ṽ− p̃|s̃i )

]
.

We next establish that both bracketed terms are positive, which is a sufficient condition for
∂CC/∂µ<0 by equation (15).

Clearly, var−1(ṽ− p̃|s̃i )<var−1(ṽ| p̃, s̃i ), and as a result, var−1(ṽ| p̃, s̃i )−var−1(ṽ−
p̃|s̃i )>0. By equation (13) and by ∂m/∂µ>0, we know that ∂var−1(ṽ| p̃, s̃i )/∂µ>0.
By equation (12),

1
var(ṽ− p̃|s̃i )

=
µ2ρx (ρv + ρε)

γ 2+µ2ρx (ρv + ρε)
1

var(ṽ| p̃, s̃i )
.

So, var−1(ṽ− p̃|s̃i ) is increasing in µ as well, because both µ2ρx (ρv+ρε)/[γ 2
+µ2ρx (ρv+

ρε)] and var−1(ṽ| p̃, s̃i ) are increasing in µ; that is, ∂var−1(ṽ− p̃|s̃i )/∂µ>0. Thus,

µ
∂

∂µ

1
var(ṽ| p̃, s̃i )

+ (1−µ)
∂

∂µ

1
var(ṽ− p̃|s̃i )

> 0.

Proof of Corollary 3. By the variance decomposition formula,

var(ṽ− p̃) = var(ṽ− p̃|s̃i )+ var[E(ṽ− p̃|s̃i )].

We have shown:
∂var(ṽ− p̃|s̃i )

∂µ
< 0.

Now examine ∂var[E(ṽ− p̃|s̃i )]/∂µ. Direct computation shows:

var[E(ṽ− p̃|s̃i )] = (1−β)2 ρε

(ρv + ρε)ρv
.

By equation (9) in Proposition 1,

(1−β) =
ρv + ρε − (γ /µ)m
ρv + ρε +m2ρx

,

and the definition of m in Proposition 1 shows:

ρv + ρε − (γ /µ)m = ρv
γ 2
+µ2ρvρx +µ

2ρxρε

γ 2+µ2ρvρx +µρxρε
> 0.

Therefore, (1−β)>0.
Direct computation shows:

∂(1−β)
∂m

= −
(γ /µ)(ρv + ρε +m2ρx )+ (ρv + ρε − (γ /µ)m)(2mρx )

(ρv + ρε +m2ρx )2

< 0,

because (γ /µ)(ρv+ρε+m2ρx )>0 and (ρv+ρε− (γ /µ)m)>0.
Thus,

∂var[E(ṽ− p̃|s̃i )]
∂µ

= 2(1−β)
ρε

(ρv + ρε)ρv

∂(1−β)
∂m

∂m
∂µ

< 0
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and hence

∂var(ṽ− p̃)
∂µ

=
∂var(ṽ− p̃|s̃i )

∂µ
+
∂var[E(ṽ− p̃|s̃i )]

∂µ
< 0.

Proof of Corollary 4. Direct computation shows:

(A-1)
∂(1/λ)
∂µ

=

[2m(γ /µ)+m2ρx − (ρv + ρε)]ρx

∂m
∂µ
+
γ

µ2
(ρv + ρε +m2ρx )

((γ /µ)+mρx )2
.

Thus, ∂(1/λ)/∂µ>0 if and only if [2m(γ /µ)+m2ρx− (ρv+ρε)]ρx (∂m/∂µ)+γµ−2(ρv+
ρε+m2ρx )>0. By equations (11) and (14), we can show that this is true:

[2m(γ /µ)+m2ρx − (ρv + ρε)]ρx (∂m/∂µ)+ γµ−2(ρv + ρε +m2ρx )

=
(γ 2
+µ2ρvρx +µ

2ρxρε)2

γ 3µ2(γ 2+µ2ρvρx +µρxρε)4

×

 (ρv + ρε)γ 8
+µρx (4ρ2

ε
+ ρvρε(4−µ)+ 2µρ2

v
)γ 6

+µ2ρ2
x

(
6ρ3

ε
+µ2ρ3

v
+ 2(3−µ)ρvρ2

ε
+ 2µρ2

v
ρε
)
γ 4

+µ3ρ3
xρ

3
ε
((4−µ)ρv + 4ρε)γ 2

+ (µ4ρ4
xρ

5
ε
+ ρvµ

4ρ4
xρ

4
ε
)

 > 0.

Proof of Proposition 2. The derivative of the exchange’s profit with respect to µ is

π ′(µ) =
1

2γ

ln
[

1+
γ 2

µ2ρx (ρv + ρε)

]
−

2

1+
γ 2

µ2ρx (ρv + ρε)

γ 2

µ2ρx (ρv + ρε)

 .
Define

z(µ) ≡
γ 2

µ2ρx (ρv + ρε)
∈

[
γ 2

ρx (ρv + ρε)
,∞
)

,

and its inverse function is

µ(z) ≡
γ

√
zρx (ρv + ρε)

.

So, we have

π ′(µ) =
1

2γ

[
ln(1+ z(µ))−

2z(µ)
1+ z(µ)

]
.

Now we will examine the properties of function f (z)= ln(1+ z)− (2z)/(1+ z). We
are going to show that i) there is a unique positive solution ẑ∈ (0,∞) that solves the equa-
tion f (ẑ)=0, and that ii) for z∈ (0, ẑ), we have f (z)<0 , and for z∈ (ẑ,∞), we have
f (z)>0. Specifically, because z is close to 0, by first-order Taylor expansion, f (z)≈
z−2z=−z<0, and when z is large, limz→∞ f (z)=∞. Thus, there will be a ẑ∈ (0,∞) such
that f (ẑ)=0. Numerically solving shows that ẑ≈3.92. Taking the first-order derivative of
f (z) delivers

f ′(z) =
z− 1

(1+ z)2
.

So for z<1, f (z) is decreasing and negative because when z is small, f (z) is negative.
Then, as we increase z above 1, f (z) will be increasing, and it will cross 0 once and then
stay positive. Thus, we know that as long 0< z< ẑ, then f (z)<0, and when z> ẑ, we have
f (z)>0.
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So it is clear that if γ 2/[ρx (ρv+ρε)]> ẑ, then we must have π ′(µ)>0 for all µ∈
[0,1], because for the whole range of z(µ)∈[γ 2/[ρx (ρv+ρε)],∞), z is greater than ẑ, and
as a result π ′(µ)= f (z(µ))>0, and the maximum profit of the exchange is achieved at
µ∗=1. If γ 2/[ρx (ρv+ρε)]< ẑ, then for µ∈ (0,µ(ẑ)), we know z(µ)∈ (ẑ,∞), and hence
π ′(µ)= f (z(µ))>0; and for µ∈ (µ(ẑ),1), we have z(µ)∈ (γ 2/[ρx (ρv+ρε)], ẑ), and hence
π ′(µ)= f (z(µ))<0. So, the maximum is achieved at µ∗=µ(ẑ)=γ /

√
ẑρx (ρv+ρε). The

optimal price q∗ can be computed by substituting µ∗ into the definition of B(µ) and using
the condition of f (ẑ)=0.

Proof of Proposition 5. We first prove the following lemma, which provides a range for m
and an expression for (1−β).

Lemma M. In equilibrium, we have:

µpsρε

γ
≤ m <

µpsρε + (µps +µp)ρv
γ

, and(A-2)

1−β =
µpsρε + (µps +µp)ρv − γm
µpsρε + (µps +µp)(ρv +m2ρx )

> 0.(A-3)

Proof. When µs=0, by Corollary 6, we have m=γ −1µpsρε. Now suppose µs>0. We can
rewrite L(m)=0 as:

γm
ρε

= µps +µs(A-4)

×
[µpsρε + (µps +µp)ρv − γm][µpsρε + (µps +µp)(ρv +m2ρx )]

[µpsρε + (µps +µp)ρv − γm]2+ [γ + (µps +µp)mρx ]
2
ρv + ρε

ρx

.

We consider two possible cases depending on the sign of [µpsρε+ (µps+µp)ρv−γm]. If
µpsρε+ (µps+µp)ρv−γm≤0, or, equivalently, if

(A-5) γm ≥ µpsρε + (µps +µp)ρv ,

then the second term in the right-hand side of equation (A-4) is negative, and hence by
(A-4), we have:

(A-6)
γm
ρε

< µps ⇔ γm ≤ µpsρε.

This contradicts the condition in equation (A-5). So, in equilibrium, we must have
γm/ρε≥µps and γm<µpsρε+ (µps+µp)ρv , which imply the condition in equation (A-2).
By the expression of β in equation (17), we can compute 1−β=[µpsρε+ (µps+µp)
ρv−γm]/[µpsρε+ (µps+µp)(ρv+m2ρx )]. Given γm<µpsρε+ (µps+µp)ρv , we know
(1−β)>0. �

We now prove Proposition 5. By the expressions of φ in equations (26)–(28), we can
compute:

e2γ (φps−φs−φp )
− 1 =

λ2ρερv(ρv + ρε)H (m,µps ,µp)
(ρx (1−β)2+ λ2ρv)(ρv +m2ρx )(ρv + ρε)

,

where

(A-7) H (m,µps ,µp) ≡ 1−m2 ρ2
x

ρv(ρv + ρε)

(
1−β
λ

)2

.

So,

φps > φp +φs ⇔ H (m,µps ,µp)(A-8)

> 0 ⇔ m
ρx

√
ρv(ρv + ρε)

1−β
λ

< 1,
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where the last arrow in equation (A-8) follows from the expression of H (m,µps ,µp) and
the fact that (1−β)>0 in equation (A-3).

Suppose φps≤φp+φs ; that is, the two signals p̃ and s̃i are substitutes. Then, by the
condition in equation (A-8), we must have [mρx (1−β)]/[γ

√
ρv(ρv+ρε)]≥1. By the ex-

pressions of (1−β) in equation (A-3) and λ in equation (18), we can show:

(A-9) m
ρx

√
ρv(ρv + ρε)

1−β
λ

≥ 1 ⇔ γm2
+C1m+C0 ≤ 0,

where

C1 ≡
√
ρv(ρv + ρε)(µps +µp)− (µpsρε + (µps +µp)ρv),(A-10)

C0 ≡
γ
√
ρv(ρv + ρε)
ρx

.(A-11)

An information market equilibrium is supported (i.e., the condition in equation (A-9)
holds for some positive value of m; note that m>0 by equation (A-2) in Lemma M) only
if the following two conditions are satisfied simultaneously:

(A-12) C1 < 0 and C 2
1 ≥ 4γC0.

Under these two conditions, the condition in equation (A-9) holds for

(A-13) m ∈

[
−C1−

√
C 2

1 − 4γC0

2γ
,
−C1+

√
C 2

1 − 4γC0

2γ

]
.

However, we can show that (2γ )−1(−C1+
√

C 2
1−4γC0)<γ −1ρεµps , which means

m<γ −1ρεµps , contradicting the condition in equation (A-2) in Lemma M. To see this,
note that

ρv <
√
ρv(ρv + ρε) ⇒ (µps +µp)ρv <

√
ρv(ρv + ρε)(µps +µp)

⇒ −
√
ρv(ρv + ρε)(µps +µp)+ (µpsρε + (µps +µp)ρv) < ρεµps

⇒ −C1 < ρεµps ,

where the last inequality follows from the definition of C1 in equation (A-10). So, given
−C1>0 and C 2

1 ≥4γC0 in (A-12), we have:

−C1±
√

C 2
1 − 4γC0

2γ
≤

−C1±
√

C 2
1

2γ
≤ −

C1

γ
<

ρεµps

γ
.

Proof of Corollary 5. We provide a proof by contradiction. Specifically, suppose µp>0 and
µs>0; we then show that φps≤φp+φs in equilibrium, contradicting Proposition 5. There
are four possible cases depending on whether µps and µu are 0 or positive.

Case 1. µps>0 and µu>0. In this case, we must have φps−q−c=φp−q=φs−c=0. So,
φps=q+c, φp=q and φs=c, which jointly imply φps=φp+φs .

Case 2. µps>0 and µu=0. In this case, φps−q−c=φp−q=φs−c≥0. If φps−q−c=
φp−q=φs−c=0, then φps=φp+φs ; and if φps−q−c=φp−q=φs−c>0, then φps<

φp+φs .

Case 3. µps=0 and µu>0. In this case, φps−q−c≤φp−q=φs−c=0. So, φps≤q+c,
φp=q and φs=c, which jointly imply φps≤φp+φs .
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Case 4. µps=0 and µu=0. In this case, φp−q=φs−c, φps−q−c≤φs−c, and φs−c≥0.
So, the first two conditions say: φp−q=φs−c⇒q=φp−φs+c and φps−q−c≤φs−

c⇒φps−q≤φs . They jointly imply φps− (φp−φs+c)≤φs⇒φps−φp≤c. However, φs−

c≥0⇒φs≥c. So, we have φps−φp≤φs , which implies φps≤φp+φs .

Proof of Propositions 6 and 8. The existence part of Proposition 6 follows from Part (a) of
Lemmas 1–8 in the Internet Appendix. Specifically, the union of the sets of (q,c) character-
izing each type of information allocation covers R2

++
. Thus, for any given information price

pair (q ,c)∈R2
++

, there is an information allocation supported by this price pair. The unique-
ness part of Proposition 6 follows from Part (b) of Lemmas 1–8 and from the fact that the
(q,c) sets in Part (a) are mutually exclusive. That is, for a given price pair (q ,c)∈R2

++
, be-

cause the (q ,c) sets in Part (a) are mutually exclusive, one can determine a particular trader
distribution. In addition, Part (b) shows that given this trader distribution, there exists a
unique information allocation equilibrium supported by the price pair (q ,c).

Now we prove Proposition 8. If c≤c, then µF
ps=1 in ECONOMYF. Note that the

upper boundary of Case (1) in Lemma 1 of the Internet Appendix is downward sloping
and approaches 0 as q goes to ∞ and that the upper boundary of Case (5) in Lemma 5
is upward sloping and approaches c̄ as q goes to ∞. So, when q becomes sufficiently
large, the information allocation will eventually fall into Case (5) with µps>0, µu>0, and
µp=µs=0. Thus, the total amount of fundamental information µps will become lower
than that in ECONOMYF. If c<c< c̄, then µF

ps<1 in ECONOMYF. Also, as q becomes
sufficiently large, the information allocation will eventually fall into Case (5), and Lemma
5 also shows that µps<µ

F
ps .

Proof of Proposition 9. Given the conditions in Proposition 9, as q increases from 0 to
∞, the equilibrium information allocation gradually moves from Case (4) to Case (3) and
to Case (5) in ECONOMYD (see Figure 3). We prove Proposition 9 by examining the
implications of q in each case.

Case (4). In Case (4), only PS- and P-informed traders are active. By Lemma 4 in the Inter-
net Appendix, we know that the equilibrium fraction µps of PS-informed traders is fixed at
the value of µF

ps given by Proposition 7. So, by Corollary 6, price informativeness is fixed
at a constant of m=γ −1µF

psρε in this case. The equilibrium price coefficients are accord-
ingly maintained at constants given by equations (17) and (18). The positive variables do
not vary with q, given that the price functions do not change.

Case (3). In Case (3), PS-informed, P-informed, and uninformed traders are active. By
Lemma 3 in the Internet Appendix, µps is still fixed at a constant of µF

ps , and the price
informativeness is accordingly fixed at a constant of m=γ −1µF

psρε. The proof of Lemma 3
of the Internet Appendix also shows that increasing q will decrease µp; that is, ∂µp/∂q<0
in Case (3).

By equation (18) and the facts that µps=µ
F
ps and m=γ −1µF

psρε, we have

λ =

γ + (µF
ps +µp)

(
µF

psρε

γ

)
ρx

µF
psρε + (µF

ps +µp)

(
ρv +

(
µF

psρε

γ

)2

ρx

) ⇒

∂λ

∂µp

=
−γρv[

µF
psρε + (µF

ps +µp)

(
ρv +

(
µF

psρε

γ

)2

ρx

)]2 < 0.

So, increasing q will decrease liquidity through decreasing µp in Case (3).
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Using the fact that β=mλ=γ −1µF
psρελ and equations (17) and (18), direct computa-

tion shows:

∂var(ṽ− p̃)
∂µp

= 2
[

(β − 1)
1
ρv

µF
psρε

γ
+ λ

1
ρx

]
∂λ

∂µp

=
2γ 3

ρx [γ 2µpρv + γ 2µF
ps(ρv + ρε)+ (µp +µF

ps)(µF
ps)2ρ2

ε
ρx ]

∂λ

∂µp

< 0.

So, increasing q will also increase return volatility through decreasing µp.
The cost of capital is negatively related to the average precision across all investors,

that is:
µF

ps

var(ṽ− p̃| p̃, s̃i )
+

µp

var(ṽ− p̃| p̃)
+

1−µF
ps −µp

var(ṽ− p̃)
.

By equations (22) and (23) and the fact that m=γ −1µF
psρε, we know that increasing q will

not affect var−1(ṽ− p̃| p̃, s̃i ) and var−1(ṽ− p̃| p̃). So,

∂

∂q

[
µF

ps

var(ṽ− p̃| p̃, s̃i )
+

µp

var(ṽ− p̃| p̃)
+

1−µF
ps −µp

var(ṽ− p̃)

]
=

∂

∂µp

[
µp

var(ṽ− p̃| p̃)
+

1−µF
ps −µp

var(ṽ− p̃)

]
∂µp

∂q

=

( 1
var(ṽ− p̃| p̃)

−
1

var(ṽ− p̃)

)
+ (1−µF

ps −µp)
∂

1
var(ṽ− p̃)
∂µp

 ∂µp

∂q

< 0

because var−1(ṽ− p̃| p̃)−var−1(ṽ− p̃)>0 (P-informed traders know more than uninformed
traders), ∂var−1(ṽ− p̃)/∂µp>0, and ∂µp/∂q<0. Therefore, we have ∂CC/∂q>0; that is,
increasing q will increase the cost of capital. The implication for liquidity traders’ welfare
follows immediately from the implications for liquidity and the cost of capital.

Case (5). In Case (5), only PS-informed and uninformed traders are active. In Lemma 5 of
the Internet Appendix, we show that µps is determined by

φps =
1

2γ
ln

[
1+

γ 2(γ 2
+µ2

psρερx )
[γ 2(ρv + ρε)+µ2

psρ
2
ε
ρx ]µ2

psρx

]
= q + c.

Direct computation shows:

∂φps

∂µ2
ps

=
∂

∂µ2
ps

γ 2(γ 2
+µ2

psρερx )
[γ 2(ρv + ρε)+µ2

psρ
2
ε
ρx ]µ2

psρx

= −
γ 2
(
γ 4ρv + γ

4ρε + 2γ 2µ2
psρ

2
ε
ρx +µ

4
psρ

3
ε
ρ2

x

)
ρx [(γ 2ρv + γ 2ρε +µ2

psρ
2
ε
ρx )µ2

ps]
2

< 0.

Thus, we have ∂µps/∂q<0 by the implicit function theorem.
Because µs=0, by Corollary 6, price informativeness is still given by m=γ −1µpsρε.

So, ∂m/∂q=γ −1ρε∂µps/∂q<0.
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By equation (18) in Proposition 4, and that fact that µp=0 and m=γ −1µpsρε, we can
express λ as a function of µps only:

λ =

γ +µps

µpsρε

γ
ρx

µps

[
ρv + ρε +

(
µpsρε

γ

)2

ρx

] .

Taking the direct derivative with respect to µps shows:

∂λ

∂µps
= −

γ 4(ρv + ρε + ρvµps )+ γ 2µ2
psρερx (−ρv + 2ρε +µpsρv)+µ4

psρ
3
ερ

2
x

γ 3µ2
ps

[
ρε + ρv +

(
µpsρε

γ

)2

ρx

]2 .

So, when γ is large (as in Proposition 9), we have ∂λ/∂µps<0; that is, increasing
q will harm liquidity, λ−1, through decreasing µps (i.e., ∂(1/λ)/∂q=−λ−2(∂λ/∂µps)
(∂µps/∂q)<0).

By
∂φps

∂µps

=
∂

∂µps

(
1

2γ
ln
[

var(ṽ− p̃)
var(ṽ− p̃|s̃i )

])
< 0,

we know ∂[var(ṽ− p̃)/var(ṽ− p̃| p̃, s̃i )]/∂µps<0. By equation (22) and m=γ −1µpsρε, we
have ∂var−1(ṽ− p̃| p̃, s̃i )/∂µps>0. So it must be the case that ∂var(ṽ− p̃)/∂µps<0. Be-
cause increasing q will decrease µps , var(ṽ− p̃) increases with q .

The cost of capital will increase with q as well. Recall that by Proposition 4, the cost
of capital is negatively related to the average precision of traders’ forecasts:

µps

var(ṽ− p̃| p̃, s̃i )
+

1−µps

var(ṽ− p̃)
.

Clearly,

∂

∂µps

[
µps

var(ṽ− p̃| p̃, s̃i )
+

1−µps

var(ṽ− p̃)

]
=

[
1

var(ṽ− p̃| p̃, s̃i )
−

1
var(ṽ− p̃)

]
+µps

∂

∂µps

1
var(ṽ− p̃| p̃, s̃i )

+ (1−µps)
∂

∂µps

1
var(ṽ− p̃)

> 0.

So, ∂CC/∂µps<0. Given that increasing q will decrease µps , we know that CC increases
with q . Again, the implication for liquidity traders’ welfare follows immediately from the
implications for liquidity and the cost of capital.
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