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Sale of Price Information by Exchanges: Does it Promote Price
Discovery?*

Giovanni Cespa' and Thierry Foucault!

February 8, 2013

Abstract

Exchanges sell both trading services and price information. We study how the joint
pricing of these products affects price discovery and the distribution of gains from trade in
an asset market. A wider dissemination of price information reduces pricing errors and the
transfer from liquidity traders to speculators. This effect reduces the fee that speculators are
willing to pay for trading. Therefore, to raise its revenue from trading, a for-profit exchange
optimally charges a high fee for price information so that only a fraction of speculators buy
this information. As a result, price discovery is not as efficient as it would be with free price
information. This problem is less severe if the exchange must compensate liquidity traders
for a fraction of their losses.
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1 Introduction

“No member of this board, nor any partner of a member, shall hereafter give the prices of any kind of
Stock, Exchange or Specie, to any printer for publication [...]” Constitution of the NYSE board, 1817
(quoted in Mulherin et al.(1991), p.597).

“Black box traders, direct market access traders and algorithmic traders are all in a race to beat the
other guy. And the best way to do that is to get their hands on the market data first [...].” Traders
Magazine, October 2009.

An essential function of securities markets is to discover asset values (see Baumol (1965),
Breshanan, Milgrom, and Paul (1992), O’Hara (2003)). This function is critical for an efficient

*A previous version of this paper was circulated under the title: “Insiders-Outsiders, Transparency, and the
Value of the Ticker.” We thank two anonymous referees and the associate editor for their helpful suggestions.
We also thank Ulf Axelsson, Bruno Biais, Peter Bossaerts, Amil Dasgupta, Darrell Duffie, Bernard Dumas,
Lawrence Glosten, Eugene Kandel, Cyril Monnet, Marco Pagano, Jean-Charles Rochet, Gideon Saar, Elu Von
Thadden, Dimitri Vayanos, Bin Wei, and participants in seminars at HEC Lausanne, the London Business School,
the London School of Economics, the Western Finance Association Meeting (Waikoloa, Hawaii), the second
CSEF-IGIER Symposium on Economics and Institutions, the second NYSE-Euronext workshop on Financial
Market Quality, Gerzensee, Oxford, Toulouse University, Warwick Business School, and University of Napoli for
very useful comments. Cespa acknowledges financial support from ESRC (grant n. ES/J00250X/1) The usual
disclaimer applies.

fCass Business School, CSEF, and CEPR. E-mail: giovanni.cespa@gmail.com

tHEC, School of Management, Paris, GREGHEC, and CEPR. Tel: (33) 1 39 67 95 69; E-mail:
foucault@hec.fr


mailto:giovanni.cespa@gmail.com
mailto:foucault@hec.fr

allocation of capital in the economy, as better price discovery in the stock market translates
into better capital allocation decisions (see for instance Subrahmanyam and Titman (1999) and
Bond, Edmans, and Goldstein (2012)). For this reason, regulators and academics often see the
maximization of price discovery as one important goal. For instance, O’Hara (1997) writes (p.
270): “How well and how quickly a market aggregates and impounds information into the price
must surely be a fundamental goal of market design [...] If market prices reflect true asset values
more quickly and accurately then presumably the allocation of capital can better reflect its best
uses.” Market design depends in large part on the decisions of stock exchanges, that now are
for-profit firms. Exchanges’ income derives from trading revenues and increasingly from the
sale of information on prices.! In this paper, we show that the efficiency of price discovery is,
among other factors, determined by the fee charged by exchanges for price information.?

Exchanges often supply information at various speeds, charging a higher fee to traders
who receive price information more quickly.® In the past, trading was taking place on the
floor of stock or derivatives exchanges. In this case, floor brokers had, thanks to their physical
presence on the floor, a much faster access to price information than off-floor traders (see Easley,
Hendershott, and Ramadorai (2009)). Today, trading is increasingly electronic, which greatly
accelerates the speed at which price information can be delivered to market participants. Yet,
there are still fast and slow traders in terms of access to price and trade data (see Hasbrouck and
Saar (2011)). Indeed, some proprietary trading firms buy a direct access to trading platforms’
data feeds while other market participants obtain the same information with a delay, at a
lower cost.* Trading firms buying direct access to streaming prices enjoy, in cyberspace, the
informational advantage that floor traders used to have in physical space.

Do exchanges have sufficient incentives to price their real time data feeds so that price
discovery is maximized or is there reason for regulatory intervention in this market? Should
regulators allow fast and slow tracks for access to price information? How does differential
access to price information affect the distribution of gains from trades among traders? Economic
analyses of these questions are scarce despite their importance in recent regulatory debates (see
for instance SEC (2010)).

To fill this gap, we consider the market for a security featuring risk averse speculators and

"Major exchanges (e.g., NYSE-Euronext, Nasdaq, London Stock Exchange, Chicago Mercantile Exchange)
are for-profit. See Aggarwal and Dahiya (2006) for a survey of exchanges’ governances around the world. A 2010
report of the Aite Group estimates that market data revenue accounts for 19% of revenue on average for NYSE-
Euronext, Nasdaq, Deutsche Borse and the Tokyo Stock Exchange. See “Exchange Data Solutions: Reeling in
the Revenue” (Aite Group, 2010). Other revenues stem from the sale of listing services.

2We do not model how price discovery affects investment because this link is already formalized in several
papers (sometimes in the CARA-Gaussian rational expectations framework used here; see Subrahmanyam and
Titman (1999) for instance).

3Information on past trades is generally available for free only after some delay (e.g., twenty minutes on the
NYSE, fifteen minutes on Nasdaq and Euronext). See http://finance.yahoo.com/exchanges, for the delays
after which information on transaction prices from major stock exchanges is freely released on yahoo.com. Real-
time price information is not free and given the speed at which trading takes place in electronic securities markets,
an information delayed by one second is already stale.

4This delay can be very small but is still sufficient to give an informational advantage to traders with direct
access to market data. For instance, U.S. trading platforms must also transmit their data to plan processors (the
Consolidated Tape Association and Consolidated Quote Association) that consolidate the data and distribute
them to the public (the proceeds are then redistributed among contributors). As this process takes time, mar-
ket participants with a direct access to the trading platforms’ data feeds can obtain market data faster than
participants who obtain the data from plan sponsors. See the SEC (2010), Section IV.B.2 for a discussion.
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liquidity traders. We interpret speculators as proprietary trading firms (the sell-side) specialized
in liquidity provision. They post a schedule of prices (limit orders) at which they are willing to
absorb liquidity traders’ orders. There are two types of speculators: the “insiders” who observe
prices in real time (that is, they know all prices up to the last transaction before submitting
their orders) and the “outsiders” who observe past prices with a lag (latency). As transaction
prices contain information on the asset payoff, insiders have an informational advantage over
outsiders. The market structures in which speculators are either all insiders or all outsiders
result in a level playing field since, in either case, speculators have access to price information
at the same speed. Otherwise some traders (the insiders) receive price information faster than
others.

The market is organized by a for-profit exchange who charges a fee for real time price
information and a trading fee (a fixed participation fee) to speculators. In equilibrium, the
fraction of insiders is inversely related to the fee for real-time price information. We show that
a decrease in this fee is associated with smaller pricing errors (the average squared deviation
between the payoff of the security and the transaction price). Indeed, speculators bet more
aggressively against pricing errors when they have information on past prices as they face
less uncertainty on the final payoff of their position. Accordingly, price discovery is improved
(pricing errors are reduced) when more speculators are insiders, that is, when the fee for price
information is low enough.

A reduction in this fee however lowers the expected profit of the exchange in two ways: (i) a
direct way (common in models of information sales): the exchange earns less revenue from the
sale of information per insider and (ii) an indirect way (specific to the information sale problem
studied in our paper): the fee that speculators are willing to pay for trading is smaller because
pricing errors are smaller. In particular, we show that speculators’ welfare is always smaller
when they are all insiders compared to the case in which they are all outsiders. Accordingly, the
exchange optimally restricts access to price information: it sets a high fee for price information
so that either no speculator purchases price information or only a fraction of speculators buy
this information. In the second case, the market features fast and slow traders in terms of access
to price information, very much as is observed in today’s markets. In either case, price discovery
is not maximal.

This policy makes the market more illiquid because it reduces competition among insiders,
which increases the adverse price impact of liquidity traders’ orders and therefore their trading
losses. Hence, by charging a high fee for price information, an exchange risks losing liquidity
traders unless it reduces the cost of trading for these investors. We account for this effect by
considering the possibility that the exchange compensates liquidity traders for a fraction of
their trading losses. We show numerically that as this fraction increases, the exchange lowers
its price for information, which works to improve price discovery and market liquidity.

To sum up, limited access to information on past prices softens competition among spec-
ulators. Hence, it increases speculators’ average welfare at the expense of liquidity traders
and price discovery. In the past, exchanges were owned by proprietary trading firms and they
strove to restrict the dissemination of information on prices (see the opening quotation in the

introduction). This was indeed in the best interest of their members according to the model.



In today’s markets, exchanges are for profit and regulation does not allow them to disclose
transaction prices selectively (e.g., only to their members).® However, by setting a high fee for
price information, they can still soften competition among trading firms and recover a fraction
of their rents by charging participation fees. Our model suggests that this practice harms price
discovery and liquidity traders. It therefore offers a rationale for regulating the sale of price
information by exchanges.

Our framework is closely related to Easley at al. (2011) and some of our findings are similar.
For instance, as in Easley et al. (2011), liquidity traders’ losses (or speculators’ welfare) are
minimal when price information is free in our model. Our paper differs from their paper in three
important ways, however. First, our focus is different: Easley et al. (2011) show that the cost of
capital is minimal when all investors have price information while we show that price discovery
is maximal in this case. Both results imply that a greater dissemination of price information
should affect firms’ real decisions but for different reasons: a lower cost of capital enables firms
to invest more while a more informationally efficient market enables firms to better identify
positive NPV projects (Bond, Edmans, and Goldstein (2012)).

Second, we do not model information sale in the same way: in Easley et al. (2011), the seller
of price information does not derive revenues from trading fees while it does in our model. As
shown in Section 7.3 and discussed further in Section 7.4, this difference matters. Depending
on the extent to which the exchange internalizes liquidity traders’ losses, allowing the exchange
to sell price information reduces or increases the price of price information relative to the price
charged by a pure information seller. Thus, the way in which price information is sold affects
welfare and price discovery. Moreover, in our setting, it can be optimal for the exchange to
abstain from selling price information while this is never the case when the exchange only
derives revenues from information.

Last, we show that there exist cases in which speculators’ average welfare is maximal for an
interior fraction of insiders, that is, when there is differential access to price information among
speculators. This result, which plays an important role for the analysis of the exchange’s optimal

selling policy, is not derived by Easley et al. (2011).

2 Related Literature

Our paper is also related to the literature on financial markets transparency (see, e.g., Biais
(1993), Madhavan (1995), Pagano and Roéll (1996), Bloomfield and O’Hara (2000), Boehmer,
Saar and Yu (2005) or Rindi (2008)) and the literature on information sales (e.g., Admati and
Pfleiderer (1986, 1987, 1990), Fishman and Hagerthy (1995), Veldkamp (2006), Cespa (2008),
Lee (2009) or Garcia and Sangiorgi (2012)).

The literature on transparency mainly focuses on pre-trade transparency: the information
on current quotes and orders (e.g., information on posted limit orders). In contrast, post-trade
transparency (the swift dissemination of information on the terms of trades) has not received

much attention although it is frequently discussed in regulatory debates. One issue is whether

5In the U.S., stock exchanges must make their data available since 1975 according to the so called “Quote
Rule.” See Mulherin et al. (1991) for an historical account of how exchanges established their property rights
over market data.



exchanges have natural incentives to be post-trade transparent. We contribute to this question
by showing that an exchange always optimally restricts access to post-trade information when
its revenues primarily derive from the sell-side (proprietary trading firms). It may even be
sometimes optimal for the exchange to provide no post-trade information at all, which provides
an explanation for the existence of market structures with high post-trade opacity (e.g., OTC
markets).

We depart from the literature on information sales because an exchange is not a pure infor-
mation seller (as in, for instance, Admati and Pfleiderer (1986)): it also obtains revenues from
the sale of trading services. As shown in Section 7.3, this feature creates systematic differences
between the optimal pricing of its information by an exchange and that of a pure information
seller. Furthermore, the literature on information sales has shown that it is sometimes optimal
for the information seller to add noise to its information. Exchanges do not add noise to their
price reports, maybe because this would be considered illegal. Instead, they have the possibility
to delay the moment at which they disclose post-trade information for free, an aspect not ana-
lyzed in the literature on information sales. In section 7.3 we show that a pure information seller
never releases delayed information for free (unless obliged by regulation) whereas an exchange
sometimes finds optimal to do so.°

In reality, proprietary trading firms buy information on two distinct types of prices: (i)
quotes in the market at a given point in time (the entire limit order book for a security)
and (ii) prices at which transactions actually took place (including the most recent transaction
price). Both types of data are useful to reduce uncertainty on execution prices for market orders
(“execution risk”). This motivation for buying price information is analyzed by Boulatov and
Dierker (2007). It is not present in our model: as speculators submit limit orders, they face no
uncertainty on the price at which they trade a given quantity. Yet, as shown below, speculators
value information on prices because prices help them to better forecast future price changes.
This is another major reason for which proprietary trading firms (e.g., high frequency traders)
want to get super fast access to prices in real-time.” Thus our approach is complementary to
Boulatov and Dierker (2007).

Last our paper contributes to the research agenda described in Cantillon and Yin (2011).
They call for using a combination of industrial organization and finance to understand market
structures as the “microstructure of exchanges is often part of their business models.” (p. 335).
This is precisely our approach: the post-trade transparency of the market (the fraction of
insiders) and the efficiency of price discovery are ultimately determined by the optimal pricing

decisions of the exchange in our model.

5In the literature on information sale, the information seller must commit to provide information thruthfully
because his information is in general not verifiable. This commitment problem does not arise for transaction
prices since these prices are verifiable. This is another reason for which the sale of price information is different
from other types of information sale.

"For instance, in describing the activity of one major high frequency trading firm on Chi-X (the 37 largest
European trading platform), Jovanovic and Menkveld (2011) write (p.38) that this firm: “is particularly well
positioned to quickly do the statistics and infer a security’s change in fundamental value by tracking price series
that are correlated with it, e.g., the index level, same industry stocks, foreign exchange rate etc.” In the same
vein, Brogaard, Hendershott, and Riordan (2012) show that high-frequency traders exploit the information about
subsequent returns contained in posted limit orders.



3 Model

We consider the market for a risky asset with payoff v ~ N(0,7,!). Trade take place at dates
1,2,..., N between two types of traders: (i) a continuum of speculators (indexed by i € [0, 1])
and (ii) liquidity traders. Traders leave the market at the end of each trading round, and are
replaced by a new cohort of traders. We denote by e, the net trade from liquidity traders at
date n. A positive (negative) value of e,, means that liquidity traders are net sellers (buyers) of
the security. Variable, e,, is normally distributed with mean & and variance 7, !. We set & = 0,
that is, the asset is in zero net aggregate supply. This assumption simplifies some derivations
and it is not key for our main findings, as shown in the companion Internet Appendix (Section
A).

Each speculator i at date n observes a private signal s;, about the payoff of the security:
Sin = U + €in, <1)

where €;, ~ N (O,T;}). The precision of private signals 7., is the same for all speculators in
any period n, but can change across periods. “Fresh” information is available at date n if the
precision of speculators’ signals at this date is strictly positive, 7., > 0. Error terms ¢;, are
independent across speculators, across periods, and from v and e,. Moreover, they cancel out
on average (i.e., fol Sindi = v, a.s.).

We denote by p, the clearing price at date n and by p™ the record of all transaction prices
up to date n (the “ticker”):

Speculators differ in their speed of access to ticker information. Speculators with type I (the
insiders) observe the ticker in real-time while speculators with type O (the outsiders) observe the
ticker with a lag equal to [ > 2 periods. That is, insiders arriving at date n observe p"~! before
n—I0*

submitting their orders and outsiders arriving at date n observe p
That is,

where I* = min{n,l}.

n—* Po,P1,P2,---3sPn—ly> 1fn>l,
P :{ { 1 } )

D0, ifn <.

We refer to p™ as the “real-time ticker” and to p" =" as the “lagged ticker.” The “delayed ticker”
is the set of prices unobserved by outsiders (i.e., p*\p"~""). The proportion of insiders at date
n is denoted by pu. When 0 < p < 1, some speculators (the insiders) have access to ticker
information faster than other speculators. In the first period, the distinction between insiders
and outsiders is irrelevant since there are no prior transactions. We refer to [ as the latency
in information dissemination and to u as the scope of information dissemination (in real-time).

Figure 1 describes the timing of the model.
[Insert Figure 1 about here]

Each speculator has a CARA utility function with risk tolerance . Thus, if speculator ¢



holds z;, shares of the risky security at date n, her expected utility is
E[U (min)|sin, ) = Bl exp{—y " min}|sin, U], (4)

where 7, = (v —pyp )2 and sz is the price information available at date n to a speculator with
type k € {I,0}.

As usual in a rational expectations model, the clearing price in each period aggregates
speculators’ private signals and constitutes therefore an additional signal about the asset payoff.
As speculators submit price contingent demand functions, they all act as if they were observing
the contemporaneous clearing price (whether or not they have information on past transaction
prices). Thus, in period n > 2, we have Qf = {p"} and Q¢ = {p"~",p,}. We denote the
demand function of an insider by 2! (s;,,p") and that of an outsider by 9 (s, p" ", p,). The
clearing price in period n, p,, is such that speculators’ aggregate demand is equal to the asset

supply, e,, in this period, i.e.,

H 1 .
/ z! (84, p™)di +/ 29 (5in, 0"V pp)di = e, V. (5)
0 H

The structure of the model in each period is similar to other rational expectations model
(e.g., Hellwig (1980)). Multi-periods rational expectations models usually assume that all in-
vestors have information on past prices, i.e., p = 1 (see, e.g., Grundy and McNichols (1989),
or Cespa and Vives (2012)). We consider the more general case in which 0 < p < 1, so that
some speculators have a faster access to information on past prices than others. The first step
in our analysis is to study the equilibrium of the security market in each period (next section).
We then analyze the effect of varying p on price discovery and speculators’ welfare. Finally
we endogenize the scope of information dissemination, p, by introducing a market for price
information.

Investors (including proprietary trading firms) buy information about past transaction prices
because they do not participate to all transactions and therefore they do not automatically know
the terms of prior transactions. To capture this in the simplest way, we assume that speculators
stay in the market for only one period. A more general model could also feature speculators who
participate to all trading rounds (“recurrent speculators”) in addition to “episodic” speculators
who stay for one trading round. Only episodic speculators need information on the price history
(recurrent speculators know this history because they participate to all trades). We have studied
this more general case when n = 2 (see Section B in the Internet Appendix). The model becomes
significantly more difficult to analyze but it does not deliver additional insights relative to the

case with only episodic speculators.

4 Equilibrium prices with differential access to price informa-
tion

d . . . .
We refer to 7,(u,1) 2 (Var[v[p"])~! as the informativeness of the real-time ticker at date n

A d _x _ .. . . .
and to 7, (u,l) =) (Var[v|p" =", p,])~! — the precision of outsiders’ forecast conditional on their



price information at date n — as the informativeness of the “truncated” ticker. The next lemma

provides a characterization of the unique linear rational expectations equilibrium in each period.

Lemma 1 In any period n, there is a unique linear rational expectations equilibrium. In this

equilibrium, the price is given by

*—1

Pn = Apv — Z Bn,jenfj + DnE[U ’ pn_l*}a (6)
j=0
where Ay, {Bn,; }é.*:_ol, D,, are positive constants characterized in the proof of the lemma. More-
over, speculators’ demand functions are given by

2} (8in, ") = V(Tn + Te, ) (E[V]Sin, 2] — Pn), (7)
xg(sinapnil*’pn) = ’Y(%n + Tén)(E[v|5invpnil*7pn] - pn)7 (8)

where T, + 7., = Var[v|p", sin] ! and 7, + 7, = Var[v|pn,p”_l*, sin] 7L

To interpret the expression for the equilibrium price, consider the case in which [ = 2 (the

same interpretation applies for [ > 2). In this case, equation (6) is:
pn = Apv — Bpoen — Bpien—1 + Dy Elv | p”_z], for n > 2. (9)

We now contrast two particular cases: in the first case, speculators do not receive fresh infor-
mation at dates n — 1 and n, whereas in the second case, fresh information is available at date

. . d d
n — 1 but not at date n. For the discussion, we define z, ief apv — e, and a, ief VYTe, -

Case 1. No fresh information is available at dates n —1 and n (1., , = 7., = 0, for n > 3).
In this case, A, =0, B, = (YTn_2)"}, B,1 =0, and D,, =1 (see the expressions for these

coefficients in the Appendix). Thus, the equilibrium price at date n is
Pn=E[v | p" ] = (vTn-2)"en. (10)

As speculators entering the market at dates n and n — 1 do not possess fresh information, the
clearing price at date n cannot reflect information above and beyond that contained in the

"=2_ Thus, the clearing price is equal to the expected value of the security

lagged ticker, p
conditional on the lagged ticker adjusted by a risk premium (the compensation required by

speculators to absorb liquidity traders’ net supply). O

Case 2. Fresh information is available at date n — 1 but not at date n (1, =0 but 7., _, > 0).
In this case, the transaction price at date n — 1 contains new information on the asset payoff
(A,—1 > 0). Specifically, we show in the proof of Lemma 1 that the observation of the price at
date n — 1 conveys a signal z,_1 = a,—1v — e,_1 on the asset payoff. Moreover, the equilibrium

price at date n can be written as follows

pn = Elv | pn_Q] + Ana;il (zn_l —F [zn_l | p”_z]) — By 0én. (11)



If 4 =0, we have A,, = 0 and the expression for the equilibrium price at date n is identical to
its formulation in Case 1 (equation (10)). Indeed, in this case, no speculator observes the last
transaction price. Thus, the information contained in this price (z,—1) cannot transpire into
the price at date n.

In contrast, if u > 0 some speculators at date n observe the last transaction price and trade
on this information. Thus, the information contained in the price at date n — 1 “percolates”
into the price at date n and the latter is informative (A, > 0), even though there is no fresh
information at date n. Specifically, equation (11) shows that an outsider can extract a signal

Zn, from the clearing price at date n:

Zn = Q12p—1 — Qp€n = Q12p—1 + Q0Zn, (12)

with ag = A1B, o and o = a;il. This signal does not perfectly reveal insiders’ information
(zn—1) as it also depends on the supply of the risky security at date n (e,). Thus, at date n,
outsiders obtain information (Z,) from the clearing price but this information is not as precise
as insiders’ information (since oy > 0). For this reason, being an insider is valuable in our

set-up. U

When no fresh information is available at dates {n — 1,...,n — I* + 1} (as in Case 1),
observing the delayed ticker is useless and there is no difference between insiders and outsiders.
Thus, to focus on the interesting case, we assume from now on that, at any date n, there is at
least one date j € {n —1,...,n —[* + 1} at which fresh information is available (i.e., 7, > 0).
This restriction does not exclude the possibility that no fresh information is available at date n
(i.e., 7, =0, as in Case 2).

In general, the price at date n contains information on the asset payoff (i.e., A,, > 0) because

(a) speculators’ demand depends on their private signals (when 7., > 0) and (b) insiders’
-1
j=1
by outsiders at date n (as in Case 2). For outsiders, the clearing price at date n conveys the

demand depends on the signals {z,—;} that they extract from the prices yet unobserved

following signal (see the proof of Lemma 1):

*—1

én = Z ozjzn,j, (13)
7=0

where the coefficient «; is positive, for j = 0,1,...,[* — 1. Intuitively, the signal 2, provides
a less precise estimate of the asset payoff than the set of signals {z,_; }é-*:_Ol since Z,, is a linear
combination of the signals in this set. Hence, the current clearing price is not a sufficient statistic
for the entire price history as the latter enables insiders to recover the signals {z,_; }é*:_ll For
this reason, observing past prices has value even though speculators can condition their demand
on the contemporaneous clearing price.® We analyze the determinants of this value in Section
7.

8In Brown and Jennings (1989) or Grundy and McNichols (1989)) clearing prices are not a sufficient statistic
for past prices as well. In contrast, Brennan and Cao (1996) and Vives (1995) develop multi-period models of
trading in which the clearing price in each period is a sufficient statistic for the entire price history. In this case,
observing past prices has no informational value.



5 Price discovery and the scope of information dissemination

We now study the effect of the scope of information dissemination (1) and of latency (1) on price
discovery. We first consider how these variables affect (i) the informativeness of the “truncated

"= p,])7L, and (ii) the informativeness of the real-time ticker,

ticker,” 7,(u,l) = (Var[v|p
Tn(11,1) = (Var[v|p?])~!. The first measure of price informativeness takes outsiders’ viewpoint
since it measures the residual uncertainty on the asset payoff conditional on the prices that
outsiders observe. The second measure takes insiders’ viewpoint.

Let ¥ (u, 1) et (Var[2,|v])~!. The next proposition shows that 7" is the contribution of
the n' clearing price to the informativeness of the truncated ticker. For this reason, we refer

to ¢ as the informativeness of the n'" clearing price for outsiders.
Proposition 1 At any date n > 2,

1. The informativeness of the truncated ticker, 7, is:

7A—n(uv l) =Tp-1* + 1/1?(/% l) (14)

Tn(p, 1) increases in the scope of information dissemination (u), (weakly) decreases in

latency (1), and is strictly smaller than the informativeness of the real-time ticker, T,.

2. The informativeness of the real-time ticker, T,, is independent of latency and the scope

of information dissemination. It is given by

n
Trn(p, 1) =Ty + Te Za?, with a; = YT, (15)
t=1

Proof. To save space, the proof of this result and the proofs of all subsequent results are given

in the Internet Appendix. O

As explained previously, the n”* clearing price is informative about the signals {zn—; }22_11
obtained by insiders from the delayed ticker (the prices yet unobserved by outsiders). For this
reason the precision of an outsider’s forecast at date n is greater than if he could not condition
his forecast on the contemporaneous clearing price (7, > 7,—;+). Yet, an insider’s forecast is
more precise than an outsider’s forecast (7, < 7,) because the clearing price at date n is not a
sufficient statistic for the delayed ticker.

As the proportion of insiders increases, their demand (and therefore their signals) weighs
more on the clearing price realized in each period. Hence, the informativeness of the truncated
ticker increases in p. In addition, the informativeness of the truncated ticker decreases with
latency because a higher latency implies that outsiders (i) have access to a shorter and, therefore
less informative, price history, and (ii) are uninformed about a greater number of transaction
prices. As they have only one signal (the current clearing price) about the information contained
in these prices, their inference is less precise.

In contrast, the informativeness of the real-time ticker, p™, does not depend on u (second
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part of the proposition). Actually, in equilibrium, a speculator’s demand can be written as
k k k(Ok
xn(sinv Qn) = (VTen)Sin - Qon(Qn)v (16)

where ¢F is a linear function of the prices observed by a speculator with type k& € {I,0}.
Thus, the sensitivity of speculators’ demand (y7¢,) to their private signals (s;,) is identical for
outsiders and insiders. Accordingly, the sensitivity of each clearing price to fresh information
and therefore the informativeness of the entire price history do not depend on the proportion
of insiders.

Price discovery is more efficient when transaction prices are closer to an asset fundamental
value. Hence, we measure the efficiency of price discovery by the mean squared deviation
between the payoff of the security and the clearing price (the average “pricing error” at date
n).? As the average order imbalance, €, from liquidity traders is zero, the average pricing error
at date n is equal to Var[v — p,].1°
Proposition 2 At any daten > 2, Var[v—p,] and therefore the average pricing error decreases

with u, the proportion of insiders at date n.

When the fraction of insiders increases, the clearing price in each period becomes closer to
their forecast. This effect improves price discovery since insiders’ forecast of the asset value is

closer to the true value of the asset than outsiders’ forecast (Proposition 1).
[Insert Figure 2 about here]

We have not been able to study analytically the effect of an increase in latency on the average
pricing error. However, extensive numerical simulations indicate that an increase in latency has
a positive impact on the average pricing error at each date n > 2, as illustrated in Figure 2
(compare for instance the pricing error for [ = 10 and | = 20) where we assume that fresh
information arrives at each date (7., > 0, Vn). This information is reflected into subsequent
prices through trades by insiders and outsiders. For this reason, the pricing error decreases over
time (i.e., n). Interestingly, Figure 2 shows that the speed at which the pricing error decays
with n increases sharply when outsiders start obtaining information on past prices, that is,
when | < n. Intuitively, in this case, the information contained in past prices is better reflected
into current prices because all speculators (insiders and outsiders) trade on this information.
This effect dramatically accelerates the speed of learning about the asset payoff compared to

the case in which outsiders trade in the “dark” (n <1).

6 Investors’ welfare and the dissemination of price information

The effects of the dissemination of price information on welfare are often discussed in regulatory

debates. To study these effects, in this section, we analyze how a change in the scope of

9This measure of market efficiency is often used in experimental studies where the asset payoff is known to
the econometrician (see Bloomfield and O’Hara (1999) for instance).

YTndeed, E[(v — pn)?] = E[v — pu]? + Var[v — p,]. Using equation (6) and the Law of iterated expectations,
we deduce that E[v — p,] = 0 when € = 0. We show in Section A of the Internet Appendix that Proposition 2
holds even when € # 0

11



information dissemination, u, affects the welfare of the different groups of traders in the model.
This analysis also lays the ground for the next section, in which we study the optimal pricing
policy for the sale of price information by the exchange.

We first analyze how a change in the fraction of insiders affects speculators’ expected utilities.
In particular, we compare speculators’ welfare in three market structures: (i) the market in
which all speculators are outsiders (u = 0), (ii) the market in which all speculators are insiders
(un=1), and (iii) a two-tiered market in which only a fraction of speculators observe prices in
real time (0 < p < 1).

To facilitate the exposition, we measure speculators’ welfare by the certainty equivalent
of their ex-ante expected utility (as in Dow and Rahi (2003)). Findings are identical if we
work directly with speculators’ expected utilities. By definition, the certainty equivalent is the
maximal fee that a speculator is willing to pay to participate to the market. We denote this
fee by C¥(u,1) for a speculator with type k entering the market at date n and we call it the
speculator’s payoff.

Speculators’ payoffs can be written as follows:!!

k 7 Var[v — pn] Y

= ZIn(1 +~"'Cov[zk v — p,)]). 17
Var[v ’ Sz’n,an] n( +’Y OV[ZU,”L v p ]) ( )

Thus, a speculator’s payoff increases in the covariance between the true return on the security
(v — p,) and its position in the security (z¥). This covariance is positive (speculators tend to
buy the asset when it is undervalued and sell it otherwise) and higher when pricing errors are
larger.'? As the precision of insiders’ forecast is higher, they are more likely to buy the asset
when it is undervalued (p, < v) and sell it when it is overvalued (p, > v). As a result, the
covariance between their position and the return on their position (v — p,,) is higher and they

obtain a higher expected payoff than outsiders, as shown in the next proposition.

Proposition 3 At any date n, other things equal, an insider’s ex-ante expected utility is strictly

greater than an outsider’s expected utility. Specifically:

en + T, 1)
CH(u, 1) — CO (1) = Lin [ Zen ZT30 20 o, 18
n(:U’ ) n(# ) 2 n TEn—l-’f'n(M,l) ( )

When p increases, some speculators shift from being outsiders to being insiders. If the
increase in p is small, those who switch are always better off (Proposition 3). Speculators who
do not shift group, that we call “incumbent insiders” and “remaining outsiders,” are always

worse off however, as shown in the next proposition.

Proposition 4 At any date n > 2, the welfare of incumbent insiders and remaining outsiders

declines when the proportion of insiders increases.

"The derivation for investors’ certainty equivalent in the CARA-Gaussian framework is standard (see for
instance Admati and Pfleiderer (1987)). When the average demand of liquidity traders is different from zero,
€ # 0, the expression for speculators’ payoffs is more complex, which precludes a formal proof for Proposition 5
below. However, we have checked (analytically for n = 2 and numerically otherwise) that this proposition still
holds when € # 0 (see Section A in the Internet Appendix).

!2Take the extreme case in which the pricing error vanishes (p, = v). Then, the covariance between a
speculator’s position and the true return on the security would be zero.
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Hence, acquisition of ticker information by one speculator exerts a negative externality on
other speculators. The reason is that it reduces pricing errors (Proposition 2) and thereby spec-
ulators’ expected profits since the latter take positions against these errors. Figure 3 illustrates
Propositions 3 and 4 for specific parameter values and n =1 = 2.

All speculators have equal access to price information when either 4 = 0 or u = 1. However,
the next proposition shows that they prefer the market structure in which price information
is delayed for all speculators (¢ = 0) to the market structure in which price information is

available in real time to all speculators (u = 1).

Proposition 5 At any date n > 2, speculators’ welfare is higher when 1 = 0 than when p =1,
ie., CI(1,1) < C2(0,1).

In this proposition, we are not comparing the expected utilities of a given group of specula-
tors for two different values of u as in Proposition 4. Instead we compare the expected utility
of speculators when they are all insiders (p = 1) with their expected utility when they are all
outsiders (u = 0). All speculators trade more aggressively against deviations between their
forecast of the final payoff and the price of the asset when y = 1 than when p = 0 because their

forecast is more precise in the former case.'® As a result, the clearing price in each period bet-
I

ter reflects the information contained in speculators’ positions (zj,) when p = 1, which in turn
implies that the covariance between each speculator’s position and the future return, v — p,,
is smaller when p = 1 than when g = 0. Consequently, speculators’ payoffs are smaller in the
former case than in the latter case (see equation (17)).

Thus, speculators prefer post trade opacity to full post trade transparency because opacity
is a way to soften competition among speculators. As an illustration, consider Figure 3. Spec-
ulators have a payoff equal to C’g (0,2) = 0.206 when they are all outsiders and a payoff equal

to C4(1,2) = 0.147 when they are all insiders.

[Insert Figure 3 about here]

Now, we compare the market structure in which information is delayed for all speculators
(1 = 0) with a two-tiered market structure in which only some investors have access to infor-
mation in real time (u > 0). To this end, let &, be the fraction of insiders at date n such
that CL(z,,1) = C2(0,1). That is, when p = i, insiders have exactly the same payoff in a
two-tiered market structure with p = fi,, or a market structure in which information is delayed
for all speculators. Proposition 3 implies that CL(0,1) > C?(0,1) while Proposition 5 implies
that CI(1,1) < C2(0,1). As CL(u,1) decreases with yu, fi, is strictly greater than zero and

strictly smaller than one. Moreover:

Ch(p,l) < CL(0,1)if i, <p <1, (19)
Ca(p,1) > CP(0,1)if 0 < p < i, (20)

13To see this, observe that the sensitivity of speculators’ demand to the difference between their forecast of the
asset and its price is y(7n + Te,,) when =1 and ¥(Tn + 7¢,,) when p = 0. As 7,(1,1) > 75 (0,1) (Proposition 1),
speculators trade against deviations between the price and their forecast more forcefully when p = 1 than when
p=0.
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We deduce the following proposition.

Proposition 6 1. If u, < p <1 then, at date n, insiders and outsiders would be better off

if information was delayed for all speculators.

2. If p < @, then, at date n, insiders would be worse off if information was delayed for all

speculators and outsiders would be better off.

As an illustration, consider Figure 3 again. In this example, @, = 0.696. Moreover, if
information is delayed for all speculators, their payoff is equal to Cé) (0,2) = 0.206. Now
suppose that p switches from zero to 10%. The speculators who become insiders are better off
since their payoff becomes C1(0.1,2) = 0.381 while those who remain outsiders are worse off
since their payoff becomes C$(0.1,2) = 0.187.

Let Wy, (1, 1) = pC(u, 1) + (1 — p)C9(u, 1) be the average payoff of speculators at date
n when the fraction of insiders is g and p*®* be the value of p that maximizes Wy, (u,1).
Proposition 6 implies that W,,(0,1) > W,,(1,1). Thus, p** is always strictly less than one.
However, it is not necessarily equal to zero. For instance, for the parameter values considered
in Figure 3, W5(0,2) = 0.206 and W>(0.1,2) = 0.207. In this case, the aggregate increase in the
payoff of speculators who become insiders when pu increases from zero to 10% more than offsets
the welfare loss of speculators who remain outsiders.

This happens because insiders obtain a higher expected profit than outsiders.' Thus, spec-

ulators switching from outsiders to insiders work to increase the expected profit on speculators’
o

), at the expense of liquidity traders since speculators’ net

average position (uzl + (1 — p)x
position is the opposite of liquidity traders’ net trade. However, as the fraction of insiders
increases, the average pricing error decreases which lowers the expected profit of all speculators.

This countervailing effect always dominates for u large enough but may not for small values

max

max > ( for some parameter values. As a result a two-tier market

of u, which explains why pu
structure in which some speculators access price information faster than other, can sometimes
be Pareto superior from speculators’ viewpoint, provided a fraction of the gains from insiders
are used to compensate outsiders for their losses relative to the case in which p = 0.

In any case, an increase in speculators’ expected profits is obtained at the expense of liquidity
traders. As an increase in p reduces all speculators’ expected payoffs, the expected trading loss
for liquidity traders, E[(v — pn)ey], should be minimal (in absolute value) when all speculators

have access to price information.' This is indeed the case as shown by the next proposition.
Proposition 7 Liquidity traders’ expected trading loss, |E[(pn, — v)ey]|, is minimal for p = 1.

In our model, the sensitivity of the clearing price in a given period to liquidity traders’

supply is given by By, ¢ (see equation (6)). This sensitivity is often used as a measure of market

YIndeed, a speculator’s expected profit is E[z¥,(v — pn)] = Cov|zl,, v — p,] where the equality follows from
the fact that E[z5,] = 0. We have E[(v — pn)xl,] > E[(v — pn)x$,] since Cov[z!,,v — pn] > Cov[z$, v — pa] (a
consequence of Proposition 3).

'5As in Easley et al. (2011) or Leland (1992), we assume that the expected trading loss of liquidity traders is
a proxy for their gains from trade.
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illiquidity (see for instance Kyle (1985)) and determines liquidity traders’ expected trading

losses. Using equation (6), we have:
El(pn —v)en] = _Bn,OTe_l- (21)

It follows from Proposition 7 that, as for price discovery, liquidity is maximal when p = 1.

To sum up, sell-side traders (proprietary trading firms specialized in liquidity provision)
will oppose a too wide distribution of real time price information since p'** < 1. In contrast,
liquidity traders prefer a market structure in which this information is widely available since
price impact costs are minimized when all speculators are insiders. These implications are
consistent with the fact that changes in the scope of access to real time price information
are very often controversial in reality. Another implication of this section is that enforcing a
situation in which the fraction of insiders is less than one is difficult since speculators who can
switch from being outsiders to being insiders always enjoy an increase in their payoff. Hence,
speculators will individually seek to obtain post trade information, even though collectively
speculators would be better off with no access (up'** = 0) or moderate access (un® > 0) to

price information.

7 Optimal sale of price information by for profit exchanges

As explained in the introduction, in today’s markets exchanges cannot directly control who is
an insider and who is not. Rather, price information is sold and the number of insiders in the
market is ultimately equal to the number of speculators who choose to buy price information.
This number of course is ultimately determined by the fee for price information set by exchanges.
We now analyze the determination of this fee and the resulting equilibrium value for the fraction
of insiders.

In each period, the price at which speculators can observe the real time ticker is set by a
for-profit exchange. In reality, exchanges obtain revenues from both the sale of information and
from trading fees. Accordingly, we assume that in each period, the exchange charges two fees:
a fee for real-time ticker information, ¢,,, and a market access fee, F;, (a “membership fee”).1
All speculators pay the access fee and only insiders pay the fee for real time information. In
Section 7.1, we first consider the case in which the exchange does not account for liquidity

traders’ losses in setting its fees. We then relax this assumption in Section 7.2.

7.1 Baseline case: free participation for liquidity traders

At the beginning of each period, before receiving their private signals, speculators decide (i)
whether to participate to the market and (ii) whether to purchase ticker information. Let

®,,(11,1) be the maximum fee that a speculator is willing to pay for observing the real-time

1611 reality, participation fees usually have both a fixed component (for instance, exchanges charge annual or
monthly membership fees) and a variable component (members pay a fee per share traded). See http://www.
nasdaqtrader.com/Trader.aspx?id=PriceListTrading2#membership for an example of these fees on Nasdaq.
In our model, the membership fee is sufficient for the exchange to extract all surplus from speculators. Hence, to
simplify the analysis, we assume that the trading fee per share is zero (the analysis is much less tractable with a
fee per share).
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ticker at date n. This fee is:

We call it the value of the ticker. Using equation (18), we obtain that

- v Te + TTL(M7 l) Y Tn(lu’7 l) - %n(uv l)
)= =1 — ) =1 1 0. 23
Onlis 1) o <Ten + Tn(p, 1) g + Te, + Tn(i, 1) = (23)

The value of the ticker increases with the difference between the informativeness of the real-time
ticker and the informativeness of the truncated ticker. Proposition 1 implies that this difference
is reduced when the proportion of insiders increases or when latency is reduced. Thus, we obtain

the following result.

Proposition 8 For a fixed latency, the value of the real-time ticker at any date n > 2 decreases
with the proportion of insiders. Moreover, for a fixed proportion of insiders, the value of the real-

time ticker weakly increases with the latency in information dissemination, [. More precisely:

On(p,l) < Gp(p,l+1) forn>1,

¢n(:ual) = gbn(.ual + 1) for n <.

At date n, a speculator buys ticker information if the price of the ticker is strictly less
than the value of the ticker (¢,, < é,(u,1)). She does not buy information if ¢,, > &, (u,1).
Finally, she is indifferent between buying ticker information or not if ¢,, = ¢,,(11,1). Thus, the

equilibrium proportion of insiders, u¢(¢,,,1), is

1 if ¢, < ¢,(1,0)
p (b, 1) = ¢ o if ¢, = &, (11, 1)
0 if ¢, > ¢,(0,1)

)
: (24)

Figure 4 shows how the equilibrium proportion of insiders is determined. As the value of the
ticker declines with p (Proposition 8), for each price of the ticker there is a unique equilibrium

proportion of insiders p¢(¢,,,1). Moreover, the equilibrium proportion of insiders decreases with

the price of ticker information (to see this, consider an upward shift in ¢, in Figure 4).
[Insert Figure 4 about here]

In each period, the for-profit exchange chooses its tariff (¢,,, F,) to maximize its expected
profit:17

Hn(ue(¢n7l)7 l) = :U’e(¢n7 l)¢n + Ey.

"The choice of a tariff in a given period does not influence the exchange’s expected profits in subsequent
periods because the speculators’ payoffs in each period only depend on the fraction of insiders in this period
and investors’ signals are exogenous. Hence, the tariffs that maximize the exchange’s per period expected profits
also maximize the total expected profit of the exchange over all periods. This will not hold if investors’ signals
are endogenous and n > 2. Indeed, in this case the precision of signals acquired in a given period will affect
the informativeness of the price in this period for investors arriving at subsequent dates. In Section 7.4, we
endogenize the precision of investors’ signals but we focus on the case n = 2 only.
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As the exchange is a monopolist, it optimally chooses its tariff to extract all gains from trade

from speculators. Hence:

F, = C9(u(¢,,1),1) (outsiders’ net payoff is zero), (25)
¢+ Fn = CL(u%(6,,1),1) (insiders’ net payoff is zero). (26)

The access fee, F},, is determined by the fee for real time ticker information since this fee

determines the equilibrium proportion of insiders. Hence, ultimately, ¢,, is the only decision

n

variable of the for-profit exchange. Equations (25) and (26) imply:

¢p = Ci(ﬂe(d)n’ l)? l) - Cr?(/f(éf)m l)7l) = an(:ue((ﬁm l)v l),

where the last equality follows from the the definition of ¢,,(u¢(é,,,1),1). Thus, the objective

function of the for-profit exchange is:

H;jax Hn(:ue(gbn’ l)7 l) = M6(¢n7 l)an(:ue(gbna l)7 l) + Cg(:“’e(gbm l)’ l) (27)

n

The solution to this optimization problem can be found by solving
max Ty (g, 1) = phn (. 1) + CF (11, 1), (28)

because there is a one-to-one relationship between the equilibrium fraction of insiders and the
fee charged for ticker information. Consequently, if z1¥ is the solution of (28) then ¢ = ¢,,(u%, 1)
solves (27).

The for-profit exchange faces the following trade-off. On the one hand, by increasing the
fraction of insiders, it gets a larger revenue from the sale of information (ue,,(¢,1)). However,
the exchange must lower (i) the price for ticker information (since d¢,,(i1,1)/0u < 0) and (ii)
the access fee since speculators’ gain from market participation decreases with the proportion
of insiders (9C9(u,1)/0p < 0). Using the definition of ¢,,(11,1), we rewrite (28) as:

max Tln(p, 1) = O (1) + (L= ) CF (1, 1) = Wi, ). (29)

Hence, the exchange’s expected profit is equal to the average payoff of all speculators. This is

intuitive since the exchange’s fees are set to extract all speculators’ surplus.

Proposition 9 At any date n > 2 and for all values of the parameters, the for-profit exchange
chooses its tariff so that the proportion of speculators buying ticker information maximizes
speculators’ average payoff. That is, p = p™™ and ¢! = ¢, (u™**,1). Thus, the exchange
never sells price information to all speculators (u! < 1) and sometimes finds it optimal not to

sell price information at all (u), = 0).

Figure 5 illustrates Proposition 9 by plotting the exchange’s profit (Ilz) as a function of the
proportion of insiders, for specific parameter values (7, = 2, and 7, = v = 7¢, = 1). For these
parameters, when 7., = 0.05, the exchange’s expected profit peaks when p} = p** ~ 6%, in

which case ¢(u3,2) ~ 0.2; when 7, increases to 1, then the exchange chooses or uj = pg'®* = 0,
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setting ¢(113,2) =~ 0.11. In the first case, a two-tier market structure with fast and slow traders
optimally strikes a balance between two opposite goals: (i) maximize speculators’ willingness
to pay for trading, which requires to restrict access to price information and (ii) make profits
on the sale of information, which requires to sell information to at least some speculators. In
the second case, the exchange optimally chooses not to sell price information at all so as to

maximize the access fee.
[Insert Figure 5 about here]

We have assumed that the exchange is a monopolist, so that it leaves no surplus to spec-
ulators. Obviously, the same findings are obtained if the exchange can only recover a fixed
fraction § > 0 of the payoffs earned by insiders and outsiders. In this case, its expected profit
is II,,(p, 1) = Wy (p,1) and is therefore maximized for the same value of p. It is reasonable
to assume that exchanges exert market power in pricing their own price information (§ > 0).
Indeed, many studies, starting with Hasbrouck (1995), have gauged the contribution of each
trading venue for a stock to price discovery for this stock. These studies typically find that each
trading venue for a stock has an “information share” higher than zero, which means that the
transaction price on one trading venue is not a sufficient statistic for prices on all trading venues.
Hence, the signals contained by real time prices from different trading platforms are not perfect
substitutes, even when they are for the same asset. This suggests that competition between
exchanges in the market for information is a form of monopolistic competition. Analyzing this

competition in detail raises complex modeling issues that are beyond the scope of this paper.'®

7.2 Extension: subsidized participation for liquidity traders

The previous section emphasizes one mechanism: by restricting access to price information, an
exchange raises speculators’ expected trading profits and can accordingly charge them higher
trading fees. As a result, liquidity traders obtain smaller expected profits since speculators’
profits are obtained at the expense of liquidity traders. If exchanges’ pricing policy harms
liquidity traders too much, the latter may trade less on the exchange.

To account for this possibility while keeping the model simple, we assume now that the
exchange must compensate liquidity traders for a fraction [ of their trading losses. Specifically,
the exchange subsidizes liquidity traders for an amount L,, (1) = BE|[(p,—v)e,] with 8 € [0, 1].1°
We interpret this subsidy as the rebate that the exchange should concede to liquidity traders
to prevent them from migrating to another market.?’ Insofar as traders’ types (e.g., retail
investors vs. proprietary trading firms) are informative on trading motivations, exchanges can

charge different prices for clienteles with different trading motives.2! For instance, they could

8There is yet no standard model of imperfect competition among sellers in the literature on information sale
in securities markets, in particular when sellers sell different signals. To our knowledge, Simonov (1999) and Lee
(2009) are the only two models in which two sellers compete for the sale of two different signals. Veldkamp (2006)
considers a case with multiple sellers but they all have the same signal.

9Boulatov and Dierker (2007) use a similar approach.

29This rebate must be interpreted as a discount given to liquidity traders relative to a fixed baseline fee, which
is implicitly normalized to zero in our analysis.

2'Linnainmaa and Saar (2012) show that broker’s identities are informative about their clientele type (unin-
formed vs. informed). In particular, they show that orders from brokers who mainly channel orders from retail
investors are perceived as uninformative by market participants.
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charge lower fees for brokers who mainly channel orders from retail investors, as these orders
are more likely to come from liquidity traders.??

The case = 0 corresponds to the case analyzed in the previous section (liquidity traders
are captive) while the case 5 = 1 corresponds to the case in which the exchange must fully
compensate liquidity traders for their trading losses. A higher 3 captures (in reduced-form) the
effect of increased competition for order flow from other exchanges.

The expected profit of the exchange is now:
max (1,1, 8) = Wi (s ) + BLn (2, 1) (30)

We have not been able to study analytically the effect of 3 on the optimal fraction of insiders, (};,
chosen by the exchange. However, in line with the intuition, numerical simulations show that as
[ increases from zero to one, the exchange optimally reduces its fee for price information so that
it disseminates price information to a wider number of speculators. In this way, the exchange
intensifies competition among speculators, which reduces trading costs for liquidity traders.
As an example, Table 1 shows the evolution of the optimal fee charged by the exchange, the
resulting fraction of insiders, the average welfare of speculators, and liquidity traders’ trading

losses when [ increases from 0 to 1.
[Insert Table 1 about here]

In recent years, competition among stock exchanges has increased with the emergence of
new trading platforms (such as BATS in the U.S. or Chi-X in Europe) trading shares of stocks
listed on incumbent markets such as NYSE-Euronext and Nasdaq. As explained in the previous
section, this competition does not per-se reduce exchanges market power with respect to their
price information because transaction prices from different platforms are not perfect substitutes.
Yet, it could force exchanges to reduce their fees for price information since the coexistence of
multiple trading platforms makes liquidity traders less captive, which should therefore induce
exchanges to care more about liquidity traders’ losses (an increase in 8 in our model) and cut

their fees for price information.

7.3 Pure information sellers vs. exchanges

The literature on information sales in securities markets (e.g., Admati and Pfleiderer (1986)’s
pioneering paper) has focused on pure information sellers, that is, sellers who derive revenues
only from the sale of information.?? In this section, we compare the optimal selling of price
information by a pure information seller and an exchange.

The pure information seller faces the same problem as the exchange except that by definition

it cannot charge an access fee. Hence, at date n, the pure information seller optimally chooses a

22This is in fact what some exchanges do. For instance, some options exchanges (e.g., the AMEX or the CBOE)
charge little or nothing to execute retail customer orders (they actually pay for retail customer order flow) while
charging “marketing fees” to market-makers who execute retail customer orders (see Battalio, Shkilko, and Van
Ness (2012) for instance).

23 An exception is the case in which the information seller can also obtain profits by trading on his information
(e.g., Admati and Pfleiderer (1988)). This case however is not relevant for exchanges since they do not trade
securities for their own account.
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fee ¢, (u**(1),1) where p** (1) maximizes ITh*"(u, 1) = pg,, (11, 1) with respect to u. In contrast to
the exchange, the pure seller does not internalize the effect of disseminating price information
on speculators’ willingness to pay for trading since it cannot charge speculators for market
participation. Consequently, when [ is small enough, the exchange charges a higher fee for
price information than a pure information seller because the exchange internalizes the negative
effect of disseminating price information on speculators’ revenues while the pure information
seller does not. As shown in Figure 5, the exchange may even find it optimal not to sell
price information at all () = 0), whereas this is clearly never optimal for a pure information
seller. In contrast, when [ is high enough, the exchange wants to disseminate price information
more widely than a pure information seller to minimize trading costs for liquidity traders.
Accordingly, the fee charged by the pure information seller is at least as high as that chosen by
the exchange. Table 2 illustrates this point by comparing, for different values of £, the optimal
fee for price information charged by the exchange and a pure information seller and the fractions
of speculators buying price information in each case. The table also reports the size of pricing

errors (Var[v — py]), speculators’ average payoffs, and liquidity traders’ losses.
[Insert Table 2 about here]

As shown by Admati and Pfleiderer (1986) and others, an information seller can optimally
add noise to the information it sells to increase his profit. This is not a possibility for exchanges
since, in reality, they must report a price “as is.”?* However, exchanges have another tool at
their disposal, not analyzed in the literature on information sales: they can delay the moment
at which price information becomes available for free, i.e., increase the latency in information
dissemination, [. Using the envelope theorem, it is immediate that the optimal latency for the
exchange maximizes IT,,(u*(1),1) where p*(1) solves (30).

Again, the optimal policy of an exchange and a pure information seller with respect to I do
not necessarily coincide. A pure information seller chooses [ to maximize p* (1), (p*(1),1). The
value of information increases with [ (Proposition 8), for a fixed fraction of insiders. Accordingly,
the pure information seller always chooses the highest possible latency, | = N.?5 In contrast,
when [ increases the exchange faces a trade-off: on the one hand, a higher latency increases
the value of price information, on the other hand it reduces the fee speculators are willing to
pay for trading and it aggravates liquidity traders’ losses, forcing the exchange to grant them
a greater discount (if 8 > 0). Accordingly, there exist parameter values for which the exchange
optimally sets a latency smaller than the highest possible latency (that is, less than N).

Figure 6 provides a numerical example of this situation (the complexity of the optimization
problem for the exchange precludes an analytic solution for the choice of its latency by the
exchange). In the figure we assume that there are N = 10 trading rounds and plot the expected

profits of the exchange (plain line) and the pure information seller (dotted lone) in the last

24This precludes the possibility of adding personalized error terms to the information sold by the exchange
(what Admati and Pfleiderer (1986) calls personalized signals).
25Suppose that this is not true. Then, there is a date n at which the pure information seller optimally sets

I < n. Its expected profit is then p**(1)¢,, (1, (1),1). Now consider the following alternative policy for the pure

information seller. It set [ = n and a price information fee equal to ¢, (1,,"(1),n). With this policy, the pure

information seller’s expected profit is p**(1)é,, (u," (1), n), which is strictly higher than p** (1), (1,,"(1),1) since
&, (urr (1), n) > ¢, (urr(1),1) (Proposition 8). A contradiction.
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trading round, for three different latencies: [ € {2,3,10}. As expected, the pure information
seller’s expected profit is maximal when [ = N = 10. In contrast, the exchange’s expected profit
is maximal when latency is shorter and equal to [ = 3. This choice strikes a balance between the
revenues from the sale of price information (which are maximal for [ = 10), and the revenues

from market participation, which tends to be higher when [ is smaller.

[Insert Figure 6 about here]

7.4 Implications

Does the sale of price information by exchanges promote price discovery? The previous sec-
tions show that the answer to this question depends on the extent to which exchanges need to
compensate liquidity traders for trading costs, that is, §. If 8 is small (for instance, because
liquidity traders are captive), the answer is clearly negative since the exchange always optimally
restricts access to price information by charging a high fee for this information. As the efficiency
of price discovery increases with the fraction of insiders, the exchange pricing policy harms price
discovery. If S is high, the answer is less clear-cut. Actually, the exchange optimally charges
a smaller fee for price information than a pure information seller would, and therefore dissem-
inates more price information than a pure information seller. The sale of price information by
the exchange results therefore in more efficient price discovery than if price information was
sold by a pure information seller. Yet, it may still be the case that only a fraction of speculators
buy information, leaving room for an improvement in price discovery by lowering the fee for
price information (see for instance the case § = 0.31 in Table 2).

Accordingly, if regulators’ objective is to maximize the efficiency of price discovery, they
should consider capping the fee for price information to make sure that a large fraction of
investors choose to buy this information. One drawback however is that as price information
becomes more widely available, speculators might have less incentive to acquire information
from other sources. A decrease in the fee for price information could then negatively affect price
discovery, instead of strengthening it. To study this point, we have considered an extension of
the model in which, as in Verrechia (1982), speculators can choose the precision 7, of their
fresh information, s;,, at a cost ¢(7,,) where ¢(:) is quadratic. For brevity, we present this
extension in details in the Internet Appendix (Section C) and for tractability we only consider
the case n = 2. We find that when the fraction of insiders, u, increases, speculators choose
a private signal of lower precision in equilibrium. Hence, in line with intuition, speculators
substitute fresh information with price information. However, despite this substitution effect,
we show through numerical simulations that pricing errors still decrease with p. Hence price
discovery remains maximal when p = 1, that is, when the fee for price information is low.

Of course regulators should also care about welfare. On this front, a decrease in the fee
for price information has ambiguous effects because, as shown in Section 6, there is no Pareto
dominant level for u: an increase in g harms incumbent insiders and remaining outsiders while
making better off those new insiders (Proposition 4). Moreover, speculators always prefer a
fully opaque market (@ = 0) to a fully transparent market (u = 1) while liquidity traders have

exactly opposite views. If regulators primarily care about liquidity traders, the recommendation
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however is non ambiguous because, as for price discovery, liquidity traders’ losses are minimized
when 4 = 1. As the fee charged by an exchange or a pure information seller may be too high
to obtain this outcome, regulators may again want to cap the fee for price information.

One way to test the model is to study empirically effects of variations in the fee for price
information. The model implies that a reduction in this fee should improve price discovery
and liquidity by intensifying competition among liquidity providers. Testing this prediction
is challenging as the fee for price information is endogenous. Hence, empiricists need to find

adequate instruments for variations in these fees.

8 Conclusions

Exchanges play an important role by providing venues for risk sharing and price discovery.
However, they are not per-se interested in maximizing the efficiency of price discovery or risk
sharing. Rather, they make their decisions so as to maximize their profits, which derive in large
part from the sale of trading services and the sale of information on prices. In this paper, we
show that there is a conflict between the efficiency of price discovery and profit maximization
by exchanges.

This conflict arises because selling real-time price information to more speculators (pro-
prietary trading firms specialized in the provision of liquidity) enhances price discovery but it
reduces speculators’ expected trading profits and therefore the fee (e.g., membership fee) that
they are willing to pay for trading. Hence, a for-profit exchange faces a trade-off between its
expected trading revenue from speculators and its expected revenue from the sale of price in-
formation. When the exchange does not need to compensate liquidity traders for their losses, it
always resolves this trade-off by choosing a high fee for price information, so that no speculator
or only a fraction of all speculators buy access to price information in real-time. This pricing
policy is detrimental to price discovery since price discovery is most efficient when all specula-
tors observe prices in real-time. It also harms liquidity traders since their losses are minimal
when all speculators observe price information in real-time. Overall, these findings suggest that

there is ground for regulating the sale of price information by exchanges.

References

Admati, A. R. and Pfleiderer, P. (1986). A monopolistic market for information. Journal of
Economic Theory 39, 400-438.

Admati, A. R. and Pfleiderer, P. (1987). Viable allocations of information in financial markets.
Journal of Economic Theory 43, 76-115.

Admati, A. R. and Pfleiderer, P. (1990). Direct and indirect sale of information. Economet-
rica 58, 901-928.

Aggarwal, R. and Dahiya, S. (2006). Demutualization and public offerings of financial exchanges.
Journal of Applied Corporate Finance 18, 96-106.

22



Battalio, R., Shkilko, A., and Van Ness, R. A. (2011), To Pay or Be Paid? The Impact of
Taker Fees and Order Flow Inducements on Trading Costs in U.S. Options Markets. Available
at SSRN: http://ssrn.com/abstract=1954119.

Baumol, W. (1965), The stock market and economic efficiency, Fordham University Press.

Biais, B. (1993). Price formation and equilibrium liquidity in fragmented and centralized mar-
kets. Journal of Finance 48, 157-185.

Bloomfield, R. and O’Hara, M. (1999). Market transparency: who wins and who loses. Review
of Financial Studies 12, 5-35.

Boemer, E., Saar, G. and Yu, L. (2005). Lifting the veil: an analysis of pre-trade transparency
at the NYSE. Journal of Finance 60, 783-815.

Bond, Philip, Alex Edmans, and Itay Goldstein, 2012, The Real Effects of Financial Markets,

Annual Review of Financial Economics (forthcoming).
Boulatov, A. and Dierker, M. (2007). Pricing prices. Working paper, University of Houston.

Brennan, M. and Cao, H. (1996). Information, trade, and derivative securities. Review of Fi-
nancial Studies 1, 163-208.

Bresnahan T., Milgrom P., and Paul J. (1992). The Real Output of the Stock Exchange, in
Output Measurement of the Services Sectors, NBER.

Brogaard, Hendershott, and Riordan (2012), High frequency trading and price discovery, Work-
ing paper, University of California at Berkeley.

Brown, D. and Jennings, R. (1989). On technical analysis. Review of Financial Studies 2,
527-551.

Cantillon, E. and Yin, P.L. (2010). Competition between Exchanges: A Research Agenda.
International Journal of Industrial Organization, 29, 329-336.

Cespa, G. (2008). Information sales and insider trading with long-lived information. Journal of
Finance 73, 639-672.

Cespa, G. and X. Vives (2012). Dynamic trading and asset prices: Keynes vs. Hayek. Review
of Economic Studies 79, 539-580.

Dow, J. and Rahi, R. (2003). Informed trading, investment and welfare, Journal of Business 76,
439-454.

Easley, D., Hendershott, T., and Ramadorai, T. (2009). Levelling the trading field. Working
paper, University of Berkeley.

Easley, D., O’Hara, M., and Yang, L. (2011). Differential access to price information in financial
markets. Working paper, SSRN.

23


http://ssrn.com/abstract=1954119

Foucault, T. and Menkveld A.J (2008). Competition for order flow and smart order routing
systems. Journal of Finance 63, 119-158.

Fishman, M. and Hagerthy, K. (1995). The incentive to sell financial market information.

Journal of Financial Intermediation 4, 95—115.

Garcia, D. and Sangiorgi, F. (2011). Information sales and strategic trading. Review of Financial
Studies 24, 3069-3104.

Grossman, S. and Stiglitz, J. (1980). On the impossibility of informationally efficient markets.

American Economic Review 70, 393—408.

Grundy, B.D. and McNichols, M. (1989). Trade and the revelation of information through prices
and direct disclosure. Review of Financial Studies 2, 495-526.

Hasbrouck, J. (1995). One security, many markets: determining the contribution to price dis-
covery. Journal of Finance 50, 1175-1199.

Hasbrouck, J. and Saar, G. (2011). Low-Latency Trading. Working Paper, Cornell University.
Hayek, F. (1945). The use of knowledge in society. American Economic Review 35, 519-530.

Hellwig, M. (1980). On the aggregation of information in competitive markets. Journal of
Economic Theory 22, 477-498.

Jovanovic, B. and Menkveld, A. (2011). Middlemen in Limit Order Markets, Working Paper,
VU University Amsterdam.

Kyle, Albert S., (1985). Continuous auctions and insider trading. Econometrica 53, 1315-1335.

Lee, S. (2009). Market liquidity, active investment, and markets for information. Working
Paper, NYU.

Leland, H. (1992). Insider trading: should it be prohibited? Journal of Political Economy 100,
859-887.

Linnainmaa, J. and G., Saar (2012). Lack of Anonymity and the Inference from Order Flow,
Review of Financial Studies 25, 1414-1456.

Madhavan, A. (1995). Consolidation, fragmentation, and the disclosure of trading information.
Review of Financial Studies 8, 579-603.

Mulherin, J. H., Netter, J. M., and Overdahl, J.A. (1991). Prices are property: The organization
of financial exchanges from a transaction cost perspective. Journal of Law & Economics 34,
591-644.

O’Hara, M. (1997). Market microstructure theory, Blackwell publishers.
O’Hara, M. (2003). “Presidential address: Liquidity and price discovery,” Journal of Finance 58,

1335-1354.

24



Pagano, M. and Roell, A. (1996). Transparency and Liquidity: A comparison of Auction and
Dealer Markets with Informed Trading. Journal of Finance 51, 580-611.

Rindi, B. (2008). Informed traders as liquidity providers: Anonymity, liquidity, and price
formation. Review of Finance 12, 497-532.

Securities and Exchange Commission (SEC) (2010), Concept Release on Equity Market Struc-
ture, available at http://www.sec.gov/rules/concept/2010/34-61358. pdf.

Simonov, A. (1999). Competition in markets for information. Working Paper, Available at
SSRN: http://ssrn.com/abstract=209309.

Subrahmanyam, A., and Titman, S. (1999). The Going-Public Decision and the Development
and Financial Markets. Journal of Finance 54, 1045-1082.

Veldkamp, L. (2006). Media Frenzies in Markets for Financial Information. American Economic
Review 96, 577-601.

Verrecchia, R. (1982). Information Acquisition in a Noisy Rational Expectations Economy.
Econometrica 50, 1415-30.

Vives, X. (1995). Short-term investment and the informational efficiency of the market. Review
of Financial Studies 8, 125-160.

Vives, X. (2008). Information and learning in markets. The impact of market microstructure.

Princeton University Press.

Appendix

Proof of Lemma 1
Step 1. Informational content of equilibrium prices.
In a symmetric linear equilibrium, speculators’ demand functions in period n > 1 can be written

as follows:

2l (sin, ™) = alsin — ok (p"), (31)
29 ($in, 0" 2 0n) = aQsim — @SB ), (32)

where % (.) is a linear function of the clearing price at date n and the past prices observed by

a speculator with type k € {I,0} (p!(.) = ¢9(.) since price information is identical for insiders

and outsiders at date 1). In any period n, the clearing condition is fO“ xfndz‘ + ful xz%dz' = e,.
Thus, using equations (31) and (32), we deduce that at date n
anv — ppp(p") = (1= )y, (0" ) = e, ¥ > 2, (33)

def

with a, = pal + (1 — p)a?

. We deduce that p™ is observationally equivalent to 2" =

{z1,22, ..., 2p} with z, = apv — ey,

Step 2. Equilibrium in period n.
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Insiders. An insider’s demand function in period n, ! (s;,,p"), maximizes

v — pp)rl n
E[—exp{—(z)”‘} |Sin, P"]-

We deduce that

.TI (S' n) — E[U _pn|5in7pn] _ E[v|5inapn] — Pn
n\Sin: P nyar[vfpn|sm,p"] i Var[v|sin, p"|

As p™ is observationally equivalent to z", we deduce (using well-known properties of normal

random variables)

Ev|sin, "] = E[v|sin,2"] = (Tn(p, 1) + Ten)_l(Tn(u,l)E[v\z”] + Te, Sin),
Var[v|sin, "] = Var[v|sin,2"] = (Tn(u,) —{—Ten)_l,
where .
def ni\— 1 —
Tn(p,1) = (Varfolp"]) ™' = (Var[v|z")) ' =7y + 7 > _af, (34)
t=1
and En
Te ) 4—1 Ot2t + Te, Sin
E mn " = t=1 -
lsin, 2" To(tts 1) + Te,
Thus,
quz(sinapn) = Y(Ta+ Ten)(E[U|5m7pn] — Dn)
= a{z(sin - pn) + VTn(E[U|pn] - pn)a (35)
I

where a, = Y7, .

Outsiders. An outsider’s demand function in period n, 29 (s;,,p" ", p,), maximizes:
O
UV — Dp )T, _p
E [—eXp{—(”)m} [$in, D" ,pn] :
v
We deduce that

E[U - pn|5inapn_l*apn] _ E[U|Simpn_l* 7pn] — Dn
Var[v — pp|Sin, 1", pn) Var[v — pp|Sin, "1, pn]

28 (sin, 0" pn) =

In equilibrium, outsiders correctly anticipate that the clearing price at each date is given by

*—1
Pn=Aw =Y Bnjen j+ DpElv|p" "], forn > 1. (36)
j=0

When A,, # 0, the price at date n is informative about v. This happens iff (i) 4 > 0 and
Te,_; > 0 for some j € {1,...,1* — 1} or (ii) 7, > 0. In this case, let 2, be the signal on v

that an outsider can obtain from the equilibrium price p,, given that he observes p"~". Using
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equation (36), we obtain that

L-lp
=v—> ALjen_j (37)

J=0

" 2,}. Moreover, equation (37)

Thus, {sin, """, pn} is observationally equivalent to {s;, p"~
implies
-1
Zalv ~ N | v, A2 Z B?m' 1
§=0

e

LetT % A%(Zé;‘ol B?l’ j)_l. Using well known properties of normal random variables, we obtain
Blo[sin, "™, pu] = (Fa, ) +7e,) " (Falu, DE[p" ™", pu] +7¢, 8in), and Var[v|sim, p" ", pn] =
(Fn (1, 1) + 7, )7L, where

~ de n—l* _ n—Il* A~ 1\—
Tn(/%l) :f (Var[v|p : 7pn]) l= (Var[v|z : 7Zn]) t= Tn—I* (:ua l) + I're. (38)

When A;, = 0 (which happens when (i) 4 =0 or 7,_, =0 for all j € {1,...,I* — 1}, and (ii)
Te, = 0), the price at date n does not provide information about v. This is as if the precision
of the signal inferred from the price at date n by insiders were nil, that is I' = 0. This is indeed
what we obtain for I' when A,, = 0.

Thus, for all values of p and 7¢,, we have:

2 (s, 0" ipn) = ¥ (Fali ) + 7e,) (B[0]8in, 2", pul — n)
= a%(sin — n) + (i, D(ER|P™ ™, pa] — pa). (39)

with ag = a{l = T, In the rest of the proofs, we sometimes omit arguments p and [ in 7, (u, ()
and 7, (u, 1) for brevity.

Clearing price in period n. The clearing condition in period n imposes [}z, di+ f; 29 di =

en. Using equations (35) and (39), we solve for the equilibrium price and we obtain

1 R _J*
po = 7 (20 + I TWElp"] + (1 = 37 Bl pu)) (10)
n

where

K, =a, + ’Y(M'rn + (1 - 'Lj,)’f'n), (41)

with a,, = pal, + (1 — p)al = y7,. Observe that
Bpolp™" pu] = Bl 20l = 77 (mate Bl ) + Tt

and

E[ulp"] = EPlp" ™" {zn-s}jsd T = 7" | 7ot Bl 7 Y anmjznsy
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Substituting E[v|p"~"", p,] and E[v|p"] by these expressions in equation (40), we can express py,
as a function of v, {e,,—; }5-*:_01, and E[v|p"~""]. In equilibrium, the coefficients on these variables

must be identical to those in equation (36). This condition imposes

(an + py7e Yofe o1y 7)) + (1 = p)AL'7e

A, = , 42
1 1-— I'B, 0A-!
Bn,O _ + pwyanTe + ( = M)'Y're n,041y : (43)
n
i 1— I'B, ;A"
By = T LT iR e {1, = 1) (44)
n
YT n—1*
D, =—. 45

Equations (42), (43), (44) form a system with [* + 1 unknowns: A,, and {Bn,j}gzlo*fl. Solving

this system of equations, we obtain

A = an + ,UJ’Y(Tn - 7'nfl") 1+ (1 — M)’YTe(an + /FY(Tn - Tnfl*)) (46)
n — * __ Y
K, (1 4+ pyanTe)? + Zézll(u'yan_jTe)Q
A, (1
Byg= Lt mante) (47)
an + :U”Y(Tn - Tn—l*)
B, = Ap(Wyan—j7e) L for1<j<I*—1, (48)
an + :U/Y(Tn - 7_n—l*)
YT n—1*
D, = . 49
\= T (9)

Observe that A, is positive. Moreover, it is equal to zero iff (i) u = 0 or 7., , = 0 for all
je{l,...,I* =1}, and (ii) 7., = 0, as conjectured. Last, we deduce from these expressions
and equation (38) that

(an + ,U"Y(Tn - Tn—l*))2
(14 pyante)? + Y52 (wyan—jme)?

%n(,un l) = Tp—ix + Te- (50)

This achieves the characterization of the equilibrium in each period in closed-form.

Remark. Remember that when A4,, > 0, the observation of the nt" transaction price at date n
conveys the following signal to outsiders: 2, = v — Z?;ol(Bn,j /Ap)en—;. Using equations (43),
(46) and (48), we deduce that: z, = Zé*:_ol aZn—j, with

*—1 -t

ap = (1+py7e) | an(l+ pyme) + py7e | Y anj ,
j=1

and
1
*—1

aj = (/L’)/Te) an(l + /1/77—6) + puyTe Z Ap—j
j=1

The proofs of the remaining results of the paper are available in the Internet Appendix.
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