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Securities Market Macrostructure:
Property Rights and the Efficiency
of Securities Trading
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This article derives securities market macrostructure from microstructural
foundations under a variety of assumptions regarding property rights.
Because liquidity effectively makes securities trading a network industry,
intermediaries can exercise market power by restricting access to the trading
mechanism. Fragmentation, cream skimming, and free riding reduce the inef-
ficiency that results from this market power, but welfare would be improved
further by requiring open access to all trading venues. Implementing open
access in practice must confront a trade-off between reducing market power
and potentially impairing the incentives of the operators of trading systems to
reduce cost and improve quality. Other network industries, notably telecoms
and electricity transmission, have faced similar dilemmas, and the path to
the creation of a more efficient property rights structure in financial markets
could benefit from the experiences of other network markets.

1. Introduction
Controversy over the structure of securities markets is a hardy peren-
nial. Technology changes, faces change, but the market structure debate
has remained surprisingly static since the debates over the Securities and
Exchange Act in 1933-1934. Through the early years of the Securities and
Exchange Commission (SEC), the Special Study on Securities Markets in
1963, the formation of the National Market System in the 1970s, and the
recent controversy over the structure of future electronic securities markets,
two themes have defined the debate: fragmentation and competition. On the
one hand, it has been argued vociferously that fragmentation of trading in
securities is inefficient, especially when off-exchange trading venues “cream
skim” uninformed order flow; critics of fragmentation typically advocate
measures to centralize securities trading. On the other hand, it has been
argued equally vociferously that fragmentation creates competition absent
which exchanges would exercise market power to the benefit of their mem-
bers and to the detriment of the trading public; advocates of this position
view regulatory measures designed to centralize trade (such as the creation

© 2002 Oxford University Press



386 The Journal of Law, Economics, & Organization, V18 N2

of a mandatory central limit order book [CLOB]) as unwarranted checks on
competition.

This article attempts to reconcile these seemingly irreconcilable views by
constructing a model of the “macrostructure” of a securities market—the
number of trading venues, their size, their market shares, and the poli-
cies they adopt—from fundamental microstructural considerations. I derive
the macrostructure of a securities market under alternative property rights
regimes from basic microstructural factors including information asymmetry
and risk sharing.

Three fundamental conclusions flow from this analysis. First, if exchanges
can restrict their size, the creation of cream-skimming off-exchange trading
venues actually improves welfare, but does not achieve a first-best outcome.
Second, if exchanges cannot restrict size, but instead must provide open
access to liquidity suppliers, cream-skimming off-exchange trading venues
may exist even though this fragmentation is inefficient. Third, if exchanges
must provide open access, banning off-exchange trading produces a first-best
outcome. That is, rules that preclude fragmentation are efficient if and only
if access to the central trading venue is truly unrestricted. Thus the efficiency
implications of fragmentation depend crucially on whether or not access to
the primary exchange is restricted. This means that property rights exert a
decisive influence on the efficiency of securities trading.

These results derive from the nature of liquidity. Liquidity creates network
effects that induce centralization of trading. Traders operating on an exchange
can exploit this centripetal tendency and increase their profits by limiting
access to the exchange. Cream-skimming off-exchange trading venues arise
in response to the restrictive policies of the exchange, and provide competi-
tion and additional risk-bearing capacity that offsets in part the deadweight
costs associated with exchange restrictions. When access to the exchange
is not restricted, cream-skimming third markets sometimes can survive by
offering better terms of trade to some uninformed market participants even
though it would be first best to centralize all trading. Under these conditions,
forced centralization improves welfare as long as access to the exchange is
unrestricted.

The issues of open access and cream skimming are not unique to securi-
ties trading. Indeed, they are the primary sources of controversy in virtually
all network industries, including telecommunications and electricity transmis-
sion. The similarities between securities markets and telecom or transmission
markets should not be surprising because liquidity effectively makes secu-
rity trading a network industry. Thus regulation of security market structure
is part of the regulation of other network industries and must confront the
same basic issues. Most important, as in telecoms and electricity transmis-
sion, mandated open access to securities markets is a desirable public policy
in the abstract. In reality, however, mandated open access raises serious prac-
tical issues that do not admit easy solution. In particular, treating the market
as a public good can lead to underproduction and overconsumption of key
attributes of the trading system. Thus analysis of security market structure
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needs to come to better grips than it has heretofore with property rights issues
that have absorbed students of “public utility” regulation for decades. This
research represents a first step in that process.

The remainder of this article is organized as follows. Section 2 lays out
the formal framework of the analysis. Section 3 analyzes security market
structure under varying assumptions about exchange access, centralization,
and free riding. Section 4 discusses some of the difficulties of implementing
an open access trading mechanism. Section 5 summarizes the article.

2. Micro Foundations
A primary objective of this article is to build a model of the macrostructure
of a securities market on a microstructural foundation. To do so, I employ a
variant of the canonical Kyle (1985) microstructure model.

Specifically, consider trading in a risky security or financial contract. The
true value of the traded instrument (which is not public knowledge) is v. The
unconditional distribution of v is normal with mean of 0 and variance o?.

Two types of agents desire to trade the instrument. First, there are K risk-
neutral informed traders who know v. Second, there is a large (but finite)
number of uninformed traders—*noise traders”—who trade for portfolio bal-
ancing or hedging purposes. Net noise trader demand (noise trader buys
minus noise trader sells) for the asset is perfectly inelastic, and is a nor-
mal random variable with mean O and variance S. Individual noise trader
demands are uncorrelated, so the variance of the sum of several noise trader
demands is equal to the sum of the variances of their individual demands.
Noise trader demand and the value of the asset are orthogonal.!

Noise traders, in turn, come in two varieties. The first variety—the “U1”
type—are verifiably uninformed; by implementing a screening technology,
liquidity suppliers (described more fully below) can determine whether a
trader is of the Ul type and therefore uninformed. In contrast, the other
variety—the “U2” type—are not verifiably uninformed; the screening tech-
nology cannot distinguish the U2s from the informed.> Fraction ¢* < .5 of
the noise traders are Uls, and fraction 1 —g¢* > .5 are U2s.}

1. This is a simplified version of the Chowdhry and Nanda (1991) framework. In some ver-
sions of their model they preclude some noise traders from choosing where to trade. In contrast,
all noise traders in the present model are “discretionary” in their terminology. Chowdhry and
Nanda also include a large noise trader who can split orders between exchanges. When all noise
traders in their model can choose where to trade, the large noise trader ends up trading on a
single market. Since this result would obtain in the present model, I simplify the approach by
considering only small discretionary noise traders. Unlike Chowdhry and Nanda, I assume that
market makers are risk averse.

2. Admati and Pfleiderer (1991) also assume the existence of an exogenous number of noise
traders that can credibly disclose that they are uninformed.

3. The analysis can be extended to consider ¢* < 1, but the model’s predictions for ¢* > .5
are counterfactual, so I restrict attention to the more realistic case of ¢* < .5. Moreover, at the
expense of considerable additional formalism, the analysis can be extended to the more realistic
case where there are multiple noise trader types. Specifically, all major results derived below
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As an example of a screening technology, small noise traders may be able
to represent credibly that they are uninformed, whereas large noise traders
may not. Reputation and trading constraints (such as the “no bagging” con-
straint analyzed in Seppi [1990]) are other means by which some (but not
all) large uninformed traders can identify themselves as such. Other mech-
anisms, such as using periodic auctions rather than continuous trading, may
also serve to segment some uninformed traders.

This assumption of an imperfect screening mechanism is crucial to under-
standing market macrostructure. It is well known that such mechanisms
exist in practice.* So-called third-market dealers (such as Madoff Securities)
explicitly attempt to limit their dealings to the uninformed and use algorithms
to analyze the profitability of trading with certain counterparties to screen out
those who are more likely to be informed. Moreover, some trading mecha-
nisms (such as crossing networks) are designed to limit participation by the
informed by imposing high costs on them; the informed incur higher costs
to wait to trade than some of the uninformed because their information may
depreciate rapidly. Similarly block trading (Seppi, 1990) and “sunshine” trad-
ing (Admati and Pfleiderer, 1991) allow identification of some, but not all
uninformed traders. Thus imperfect screening mechanisms are ubiquitous in
financial markets.’

Moreover, this assumption has empirical content; as will be seen, it gen-
erates predictions that are consistent with salient features of security market
macrostructure, whereas alternative assumptions lead to counterfactual pre-
dictions. For instance, if no screening is possible, the model implies that
only one trading venue survives in equilibrium; such a model could not
explain the existence of Madoff or crossing networks. Alternatively, if mar-
ket makers could identify al/l uninformed traders, they would restrict their
dealings to the uninformed; securities prices and trading would be unin-
formative in this case. This is inconsistent with overwhelming evidence. In
contrast, the analysis will demonstrate that the partial screening assumption
permits the existence of multiple trading venues (such as third-market dealers
and crossing networks). Moreover, with partial screening, the model implies
that off-exchange prices are less informative than exchange prices (because

hold if the noise trader types are indexed by g = 1,2, ... N;, and where the cost of verifying
whether a trader of type ¢ is uninformed is given by the increasing, convex function c¢(g). Since
the results are robust to changes in the screening assumption, the text focuses on the simpler,
more transparent case.

4. See O’Hara (1997) for a discussion of institutions that facilitate the identification of unin-
formed traders.

5. Critics of third markets, including Easley, Keifer and O’Hara (1996) and Mulherin, Netter
and Overdahl (1991) assert that third-market dealers can identify some of the uninformed, and
that this cream skimming is detrimental to market performance. To evaluate these claims, it is
necessary to derive the logical implications of cream skimming. The partial screening assumption
permits such an evaluation and is hence responsive to the existing literature on security market
structure. Moreover, as the analysis in the text demonstrates, this assumption is descriptively
accurate and has implications that are consistent with extensive empirical research.
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off-exchange venues limit informed trading, whereas exchanges do not).
This is consistent with the empirical evidence. Easley, Keifer, and O’Hara
(1996) show that orders executed on one third market (Cincinnati) are sub-
stantially less informative than orders submitted to the NYSE. Hasbrouck
(1995) estimates that NYSE trades account for 93% of the information
revealed by trading. Huang and Stoll (1994) and Bessembinder and Kaufman
(1997) demonstrate that off-exchange trades are substantially less informative
than exchange trades for listed NYSE stocks. Smith, Turnbull, and White
(2001) show that “upstairs” trades in listed Toronto Stock Exchange equi-
ties have virtually no information content, whereas trades conducted on the
exchange trading mechanism proper do. Thus the partial noise trader screen-
ing assumption generates empirically supported predictions, whereas alterna-
tive assumptions do not.

In addition to the noise traders and the informed traders, there is a set
of potential liquidity suppliers (also referred to as market makers) L =
{1,2,..., N}. Each liquidity supplier j < N is risk averse, with a con-
stant absolute risk aversion coefficient a;. Equivalently the risk tolerance
of intermediary j is t; = 1/a;. Moreover, wlog #; > 1, for j < k. That is,
intermediaries are ordered by decreasing risk tolerance. The total supply of
risk-bearing capacity (i.e., aggregate risk tolerance) is 74 = Zf\’: e

The assumption of risk-averse market makers is realistic and important.®
Limits on the capital of market makers constrain their ability to bear inven-
tory risk and induce them to act as if they are risk averse. It is well doc-
umented that market makers in securities are compensated for bearing risk,
which would not occur if they were risk neutral. Moreover, the existence of
limits to market makers’ risk-bearing capacity implies that the exchange size
has efficiency implications; risk is borne inefficiently if exchanges restrict
membership to a suboptimally small number.

The next section analyzes market structure under varying assumptions
about (1) the ability of liquidity suppliers to form coalitions with restricted
membership and (2) the ability of some liquidity suppliers to restrict their
dealings to those who can prove they are uninformed. Variations in these
assumptions generate four distinct regimes.

In the first regime, liquidity suppliers can form coalitions that restrict mem-
bership. That is, some market makers may be excluded from a coalition. I
refer to a group of market makers as an exchange. In the first regime, all
coalitions of intermediaries are obligated to trade in a nondiscriminatory
fashion. That is, they must accept market orders from all traders and cannot
refuse to deal with those that they believe to be informed; equivalently they
cannot use the screening technology to restrict their dealings to those they
know to be noise traders.

6. See Admati and Pfleiderer (1991), Diamond and Verrecchia (1991), Subrahmanyam
(1991), and Brown and Zhang (1997) for examples of models involving market-maker risk
aversion.
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In the second regime, liquidity suppliers can form coalitions that restrict
membership. Unlike the first regime, however, in the second regime, interme-
diaries can refuse to deal with customers. In particular, in the second regime,
market makers can implement the screening technology and restrict their
dealings to the demonstrably uninformed Uls. I refer to trading only with
the verifiably uninformed as “cream skimming.” Moreover, cream-skimming
market makers can condition their trades on the prices determined in trading
on exchanges where the market makers deal with all on a nondiscriminatory
basis. Since trading by the informed reveals some of their information, a
price determined in a nondiscriminatory auction reduces uncertainty about
the value of the asset. I refer to the ability to condition trades on prices from
markets where the informed trade as “free riding” on price discovery.

In the third regime, groups of liquidity suppliers cannot form exclusive
coalitions that restrict membership. That is, every exchange must be open
to all market makers. In this regime, cream skimming and free riding are
permitted.

In the fourth regime, exclusive coalitions of liquidity suppliers are pre-
cluded; exchanges must admit as members all market makers who care to
join. In this regime, cream skimming and free riding are precluded.

In all the regimes, noise traders choose where to trade noncooperatively.
Noise traders choose to trade where their expected execution costs are mini-
mized. The informed trader can trade with any and all coalitions that do not
restrict their dealings to the demonstrably uninformed. Once noise traders
and the informed trader have submitted market orders to the liquidity sup-
plier coalition(s) of their choice, all markets clear in a batch auction, with the
auctions of coalitions that do not restrict dealings to the demonstrably unin-
formed clearing immediately before those who do so restrict their trading.
Due to this difference in the timing of trading, cream-skimming markets can
observe—and free ride on—prices determined on exchange.” In the auctions,
participating liquidity suppliers condition their trades on observed net order
flow (noise trader net order flow plus the informed orders).

In regimes three and four, where exchanges cannot restrict entry, liquidity
suppliers choose the exchange they trade on non cooperatively and simulta-
neously.

The next section analyzes equilibrium market structure in these four
regimes. The analysis derives the number of exchanges and cream-skimming
coalitions in each regime. It also derives total surplus. Given the assumption
of inelastic noise trader demand, total surplus is determined by the total
cost of operating the market, where total cost equals noise trader execution
costs minus informed trader profit minus the risk-adjusted profit of market
makers. A first-best market macrostructure minimizes total cost.

7. The assumption of batch auctions is for convenience only. The fundamental factors drive
the results of this article—the relation between execution costs and the risk-bearing capacity of
market makers, and adverse selection costs—have the same effects in continuous markets as in
batch markets. Using the standard batch auction model greatly simplifies the analysis and makes
the key insights more transparent.
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3. Macrostructure Under the Four Regimes

3.1 Regime One
Consider the trading process when two coalitions—exchanges—form; the
analysis can be extended readily to incorporate an arbitrary number of
exchanges. The total risk tolerance (the sum of the risk tolerances) of the
members of exchange 1 is T}, and the total risk tolerance of exchange 2 is
T, < T,. Assume initially that fraction g, of the noise traders have chosen
to trade on exchange 1, and g, = 1 —g,. Due to the independence of noise
trader demands, the variance of noise trader order flow on exchange 1 is
S, = ¢,S and the variance of noise trader order flow on exchange 2 is
S =¢q,S.

Analysis of equilibrium proceeds in the standard way. Upon learning v,

the informed traders conjecture that the price on exchange i, i =1,2 is a
linear function of order flow

K
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where w;, is the order that the informed trader k submits to exchange i, z; is
net noise trader demand on exchange i, and A; is a constant. A; measures the
sensitivity of the security’s price to variations in order flow. Its reciprocal is
referred to as market “depth;” greater depth (smaller A;) is desirable because
it implies lower transactions costs for noise traders.

Given this conjecture of a linear price function, the informed trader /
chooses w;;, i = 1,2 to maximize
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where the expectation is taken over z;. Since v and z; are orthogonal, the
symmetric solution of the informed traders’ maximization problems implies
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That is, B; = 1/[(K 4+ 1)A;]. B; measures the intensity of informed trading.

Conditional on order flow liquidity, supplier j on exchange i chooses his
trade y; to maximize his certainty-equivalent profit. Given the strategies of
the informed and the market makers, the analysis in the appendix shows that
in equilibrium
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where &7 is the variance of the asset value conditional on order flow (which
is also derived in the appendix). Since order flow communicates informa-
tion about v (because the informed buy (sell) more when v is high (low)),

0?* < o%. Equation (4) shows that the sensitivity of price to order flow in
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exchange i consists of two parts. The first part is the cost that intermediaries
incur to absorb the risk of order flow imbalances. The second term is the
adverse selection cost incurred when trading with the informed.®

Taking the derivative of Equation (4) after substituting 8, = 1/(K 4+ 1)A;
implies that dA;/dS; < 0. Moreover, since dS;/dq; =S >0, dA;/dq; <O0. This
means that the sensitivity of price on exchange i to order flow is smaller the
larger the fraction of noise traders who select to trade on exchange i. Equiv-
alently, market depth on exchange i is greater the larger the fraction of noise
traders who trade there. It is also straightforward to show that dA;/dT; < 0.
That is, price on exchange i is less sensitive to order flow the larger the total
risk tolerance of its members. Finally, d6/dS; > 0; conditional variance is
increasing in the variance of noise trader order flow.

These results determine where noise traders choose to transact. Each noise
trader takes the expected cost of execution on each exchange as a given and
chooses to trade where the per-noise trader cost of execution is smallest. The
per-noise trader expected execution cost on exchange i is given by

xi(qi,n)zuzﬁzﬂz)\i& )
4qi qi qi

Since A; is decreasing in ¢;, exchanges are subject to increasing returns to
scale; per uninformed trader expected execution costs are smaller, the larger
the number of noise traders that choose to trade on that exchange. Liquidity
effects create economies of scale. In the presence of informed traders, a
noise trader prefers to trade where the largest number of other noise traders
congregate in order to minimize losses from adverse selection.’

This analysis implies that there are three possible equilibria in this market
when noise traders choose where to trade simultaneously. Figure 1 illustrates
these equilibria. The horizontal axis in the figure is g,, the fraction of noise
traders that choose to trade on exchange 1. The downward sloping curve is
A, S, the average noise trader execution cost on exchange 1; the downward
slope indicates the economies of scale. The upward sloping curve is A, S, the
average noise trader execution cost on exchange 2. The upward slope also
indicates economies of scale, as an increase in ¢, implies a decrease in g,,
and thus an increase in execution costs on that exchange.

The first equilibrium, which is unstable, occurs at the intersection of the
two curves. The second equilibrium occurs at g, = 1, that is, all noise traders
congregate at exchange 1. The third equilibrium is g, = 0, that is, all noise
traders choose to trade on exchange 2.

8. This is similar to the result in Brown and Zhang (1997).

9. Traditional scale economies due to fixed costs in the creation or operation of a trading
system can also lead to centralization. See Pirrong (1999) for a formal model that derives such
a result. To generate fragmentation, however, it is necessary to include adverse selection costs
and cream skimming.
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Figure 1. Regime one equilibria with two competing exchanges.

This analysis indicates that exchange markets with informed trading are
“tippy.” That is, all traders choose one exchange or the other. The interme-
diate equilibrium with 1 > g, > 0 is not stable; any perturbation of g, away
from this point tends to “tip” the noise traders toward one exchange or the
other. Thus stable equilibria in this market are monopoly equilibria.

Although this particular model is novel, the prediction that trading will
concentrate in a single market in the absence of cream skimming is not.
Admati and Pfleiderer (1988) and Chowdhry and Nanda (1991) present mod-
els in which trading activity “clumps” for reasons similar to those driving the
foregoing result. Pagano (1989) derives a model in which risk-sharing con-
siderations lead to concentration of trade on a single market.

Although these models predict “clumping,” they are incomplete because
they make no predictions about exchange size and the efficiency implica-
tions thereof. Exchange size is irrelevant (or indeterminate) in Admati and
Pfleiderer and Chowdhry and Nanda because they assume risk-neutral mar-
ket makers. Pagano’s model is “intermediary free” in the sense that there are
no market makers; instead, all agents trade directly without intermediation.
Thus Pagano’s theory cannot generate predictions about the size of exchanges
in economies (such as ours) where intermediaries play an important role in
securities trading. Moreover, it cannot analyze whether restrictions on the
number of intermediaries have welfare implications. Furthermore, since there
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are no privately informed traders in the Pagano model, it is of limited utility
in understanding the economics of free riding and cream skimming.

In contrast, by utilizing an equilibrium selection criterion, the present
model makes predictions about exchange size and welfare. The selection
criterion determines which exchange all noise traders choose. Knowing how
noise traders behave, a subset of liquidity suppliers can form an exchange
that maximizes their profits.

I utilize the standard criterion that the noise traders coordinate their choice
to minimize their costs.'” If T, > T,, the fact that execution costs are decreas-
ing in an exchange’s total risk tolerance implies that x,(1, T|) < x,(1, T;).
Therefore, in this case, the lowest cost equilibrium involves all noise
traders choosing to trade on the exchange with the greatest risk-bearing
capacity—exchange 1.

This fact influences the equilibrium allocation of intermediaries among
exchanges. This allocation must satisfy several equilibrium conditions.'
First, in equilibrium no additional exchanges must be able to enter prof-
itably. That is, no coalition of intermediaries outside the equilibrium
exchange(s) can earn a profit for each of its members by forming an
exchange. Second, the members of an equilibrium exchange cannot increase
their profits by altering the size of their exchange’s membership. Third, if a
total of L intermediaries belong to exchanges, then the equilibrium allocation
requires intemediaries {1, ... ,Z} to belong to exchanges. This condition
reflects the fact that exchange memberships are transferrable. If intermediary
j is a member of an exchange, and intermediary i < j is not, there is a
price at which i could buy the membership from j that makes both parties
better off.!

The only coalition of intermediaries that satisfies these conditions is L* =
{1,2,...,L*}, where ZJL.; t;>.5T*, and ZJL.;' t; <.5T*. The intermedi-
aries in L* account for just over half of the total risk tolerance; if intermediary
L* were excluded from the coalition, the exchange would offer less than
one-half of total risk tolerance. This exchange can attract all noise traders
because execution costs are higher on every other possible coalition (since
every other exchange has lower total risk tolerance). Moreover, an exchange
consisting of some strict subset of the intermediaries in L* would attract no
business because another exchange with greater total risk tolerance would
enter, capture all of the order flow, and earn a profit; such a subset cannot
be an equilibrium exchange.

10. Fudenberg and Tirole (1999) claim that this is the “standard equilibrium selection in static
network models.” Shy (2000) similarly notes that this “no coordination failure” assumption is
standard in network models. Moreover, the analysis can be made dynamic. Given the assump-
tions made here, if noise traders choose where to trade sequentially, Farrell and Saloner’s (1985)
Propositions 1 and 3 imply that the unique perfect equilibrium is for noise traders to choose the
exchange that minimizes total execution cost.

11. See Pirrong (1999) for a more formal statement of these conditions.

12. Equation (6) below shows that a member’s profit is increasing in #;, which implies the
stated result.
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Furthermore, the members of L* are harmed by the addition of more mem-
bers. The appendix shows that exchange member j’s profit is

.Stjo'zS'

E(HI) = T2
1

(6)
Since Equation (6) implies that dE(II;)/dT, < 0, the profitability of an
exchange member j € L* declines if additional members are added; increas-
ing membership beyond L* increases the competition faced by those in L*,
and thereby reduces their profits.'?

Together, these results imply that in equilibrium, the exchange consists
of the intermediaries j € L*. Consequently, total equilibrium risk tolerance
is Ty =3 t; ®.5 T#. Given the formation of such a coalition, no other
exchange can enter profitably. Moreover, both increases and decreases in the
membership of this coalition reduce the profits of its members.

Thus, in the absence of cream skimming, the equilibrium exchange is a
monopoly that limits the number of intermediaries it admits to increase the
profits of its members. Limits on the number of members are a near-universal
feature of financial exchanges. This article derives these limits endogenously
from fundamental microstructural considerations.'*

Note that optimal risk bearing requires the exchange to admit all interme-
diaries {1,2,..., N}. The appendix shows that total cost with the monopoly
exchange is .50%S/T,. Total costs equal execution costs minus certainty-
equivalent member profits minus informed trading profits. The cost of oper-
ating the market is minimized, and welfare is maximized, when 7, = T,. The
exchange has no incentive to grow this large, however. By limiting member-
ship to L*, it is immune from competitive entry by another exchange and
does not dissipate profits as would be the case if more intermediaries were
admitted. Therefore, limits on exchange size cause deadweight losses. They
also generate profits for exchange members. The model implies that exchange
members should earn economic rents. Pirrong (1999) provides evidence of
substantial economic rents accruing to members of U.S. equity and deriva-
tives exchanges.

In this regime, therefore, all trading is centralized even though central-
ization is not compelled; it occurs naturally due to the centripetal force
of liquidity. The resulting equilibrium is not first-best, however, because a
suboptimally small coalition of liquidity suppliers can create a monopoly
exchange that supplies too little risk-bearing capacity. Thus centralization

13. Competition between members does not drive their profits to zero because (a) each
member’s supply curve of risk-bearing services is upward sloping due to risk aversion, and (b)
the number of market makers is finite. Thus the exchange supply curve of risk-bearing services is
upward sloping, and members earn a scarcity rent in equilibrium. Restrictions on entry increase
the scarcity rent.

14. Exchange members may enhance their profits by other means, such as mandating a
supracompetitive “tick” size or collusion. Network effects give them the market power required
for these arrangements to survive.
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is not equivalent to efficiency when exchanges can restrict membership. In
essence, the model shows that the nature of liquidity makes securities trading
a network industry. A suboptimally small “network™ survives as a natural
monopoly in equilibrium because no other network can compete on equal
terms. Restricting the size of the network raises the profits of those interme-
diaries who can trade on it because they face less competition than would
prevail in a first-best world. Thus centralization of trading is not necessar-
ily a good thing. This raises the possibility that fragmentation can improve
efficiency. The next section considers this possibility.

3.2 Regime Two
The preceeding analysis shows that only one exchange that trades in a non-
discriminatory fashion can survive in equilibrium. I next show that a cream-
skimming trading venue can survive in competition with a nondiscriminatory
exchange.

In this regime, liquidity suppliers who are excluded from the exchange can
trade off-exchange in what I will refer to as a third market. Note that inter-
mediaries who trade on the third market must restrict their dealings to the
fraction g* of the noise traders who are Uls who can be identified using the
screening technology. That is, only cream-skimming intermediaries can sur-
vive in competition with a nondiscriminatory exchange. This is true because
the analysis of regime one implies that if (1) the exchange membership offers
total risk tolerance T, > .57, and (2) the third market dealers do noft restrict
their dealings to the demonstrably uninformed, all noise traders choose to
trade on the exchange because it offers greater risk tolerance.

In what follows, I assume that all intermediaries who are excluded from
the exchange trade in the third market. That is, I assume that entry to the third
market is open and unrestricted.'’ T also assume that the exchange continues
to restrict membership to L*.'®

Recall that cream-skimming dealers can free ride on the exchange’s price
discovery. That is, third-market dealers’ estimate of the variance of the price
of the traded asset is 62, not ¢2. Since there is no informed trading in the
third market, an analysis like that used to derive Equation (4) implies that

15. This assumption is motivated by the observation that most historical third markets,
including the OTC market in listed stocks, bucket shops, and so on, have not restricted entry.
See Pirrong (2001) for an analysis of restricted-entry third markets. That analysis shows that
restrictions on the size of the third market reduce surplus. This reinforces the basic claim of this
article that entry restrictions in financial markets are a source of inefficiency.

16. The exchange will limit membership to L* for some values of ¢*, but if ¢* is big
enough it may respond to the competitive threat of the third market by expanding membership.
See Pirrong (2001) for a detailed analysis of this case. That analysis shows that the exchange
will always offer risk tolerance that is less than 7,, so the equilibrium is not first-best even
if the exchange expands. However, total cost is lower if the exchange expands than if it does
not. Therefore the potential for free riding and cream skimming improves welfare relative to a
regime where exchanges can limit entry and need fear no competition from cream-skimming
markets.
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the A of the third market is Ay = 6%/T;,, where T is total risk tolerance on
the third market. Therefore, in the first regime, the expected execution cost
of each trader who chooses to trade in the third market is'’?

628
x3(T3) = T3 Q)

Assuming that exchange membership is given by the coalition L*, where
as before this coalition offers just more than half of the total risk tolerance,
and there is free entry onto the third market, total risk tolerance thereon is
T,=T,—T;~T;. A comparison of Equation (7) with Equations (4) and (5)
shows immedlately that average execution costs on the exchange assuming
all noise traders trade there is higher than average execution cost on the third
market. That is, x, (1, 7}) > x;(T3). Moreover, since x,(q,, T}") is decreasing
in g, x,(1—qg*, T7) > x,(1, T}") > x;(T5). Average execution costs are lower
on the third market than on exchange because those who trade in the third
market bear no adverse selection costs.

This analysis implies that all noise traders who can use the third
market—the demonstrably uninformed Uls—will do so if the membership
of the exchange remains unchanged. When exchange membership is L* and
third-market dealers can observe the outcome of exchange trading, switching
to the third market reduces noise trader execution costs. Thus

Result 1. Fraction g¢* of noise trading takes place on the free-riding third
market.

The foregoing implies that the third market attracts all the demonstrably
uninformed, whereas all others trade on exchange. This analysis implies that
prices on the third market should be less informative than trading on the
exchange. As noted earlier, there is substantial empirical evidence consistent
with this prediction. Result 1 and the fact that A, is increasing in g* together
imply that the creation of a third market reduces execution costs for the noise
traders who can switch to the third market, and raises the execution costs of
those who cannot. The effect of the entry of a third market on total noise
trader execution costs depends on which effect dominates.

Total noise trader execution costs on exchange and third market are

xXN(T7) = S[(1=gHA(TT, 1 = 47) + 4" A5(T5)] ®)

where A, is given by Equation (4) with S, = (1 —g¢*)S, and A, is given above;
the notation is expanded to recognize the dependence of the A’s on ¢* and
T, and T;. After some substitutions, this expression becomes

( —4 ")

N(T)) =S ————+B(1-¢")5°(1-¢"), )

17. The execution price on the third market has mean E(v|P,), where P, is the exchange
price. The third-market price varies randomly around this mean with random variations in noise
trader order flow because third-market dealers require compensation for bearing the risk taken
on when they absorb noise trader order imbalances.
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where 62 and B, are now written as functions to recognize explicitly their
dependence on g*. Recall that 6%(1 — ¢*) < 6*(1) and B,(1 —g*) < B,(1).
Therefore, x*(7T}) < x,(1, T}"). This proves

Result 2. Introduction of a free-riding open-entry third market unambigu-
ously reduces total noise trader execution costs.

Thus, although the third market harms some noise traders, in aggregate
noise traders are better off when a free-riding third market is introduced.

Indeed, the third market increases total surplus if the third market free
rides. The appendix shows that with free riding total cost equals

502(1—q¢%S  .562¢*S
(1—g%) n TS

TC, =
} Ty T,

Since 62 < 02 and T; ~ T}, TC; is smaller than the total cost incurred when
there is no third market, .50S/7}. Thus

Result 3. The free-riding open-entry third market unambiguously improves
welfare.

This improvement is attributable to the fact that the third market improves
the efficiency of risk bearing. The third market dealers supply additional
risk-bearing capacity to the market. Although this reduces the profits of the
exchange members, their loss is more than offset by the gains realized by
noise traders and third-market dealers.'®

Although equilibrium surplus in the second regime is larger than in the
first, the second regime equilibrium is not first-best. Note that

.Sta’S

A

TC; >

if

a2
5> q*(l —U—2>.
o

Since 2 < o2, this expression holds for g* < .5. Since .502S5/T, is the cost
of operating the market when all liquidity suppliers trade on the exchange,
total costs are not minimized in the second regime even though they are
lower than in the first regime.

18. If information is costly to obtain, and therefore the number of informed traders is endoge-
nous, there is another welfare gain from the third market. The third market reduces the returns
from information, and consequently leads to reduced expenditures on information. This is bene-
ficial because informed trading is a form of rent seeking in this model (and other microstructure
models as well). The benefits from the third market are reduced to the extent that screening is
costly.
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These results imply that an open-entry third market that free rides on
exchange prices improves market performance. This may seem counterintu-
itive as it implies that an externality—the free acquisition of costly trade
information by the third market—improves welfare." This result obtains
because we are in the world of the second best. The “tippiness” of the
exchange market leads to a natural monopoly that restricts the supply of
risk bearing to enhance its members’ profits. This is inefficient. The exter-
nality reduces the costs of enhancing the supply of risk bearing and mitigates
the inefficiency.

3.3 Regime Three
When access to any trading venue must be open, liquidity suppliers must
choose which one to trade on. The analysis of Section 3.1 implies that only
a single non-cream-skimming venue can exist. Therefore liquidity suppliers
must choose between trading on the exchange (which does not cream skim)
and the third market (which does).

There may be several equilibria in this regime. Note that as exchange
risk tolerance 7 increases, execution costs fall on the exchange and rise on
the cream-skimming market (because a rise in 7 implies a decline in T5).
Thus there is some critical value of T, Tl, such that if 7| > T (and hence
T, <T,— Tl) the third market cannot survive.

The fact that the third market must achieve some critical mass to survive
implies that under most conditions one equilibrium is for all liquidity suppli-
ers to join the exchange. Specifically this is an equilibrium if 7, — ¢, > T”l
To see why, assume initially that all market makers join the exchange. If
any single market maker leaves the exchange, third-market risk tolerance
T,<t,<T,— ?1 Therefore the sole third-market dealer gets no business,
and earns a profit of zero. This is smaller than his profit on the exchange.
Thus there is no incentive to defect and 7, = T, is an equilibrium.

Equilibria that exhibit fragmentation may exist as well. This is most eas-
ily depicted graphically, as in Figure 2. The figure depicts two curves. The
downward sloping curve depicts HJI() the profit of market maker j if he
joins the exchange when its total risk tolerance is 7. This curve is down-
ward sloping because the profitability of belonging to the exchange declines
as the quantity of risk-bearing capacity its members can supply increases.
The upward sloping curve is H?(.), market maker j’s profit of trading on the
third market when exchange risk tolerance is 7. This curve is upward sloping
because an increase in 7| lowers the supply of the risk-bearing capacity of
third-market dealers, which increases the profit of those who remain. There
is a discontinuity in each curve at /T\l There is a downward discontinuity in
H"} because the profit of trading on the third market goes to zero if the third
market does not achieve critical mass. There is an upward discontinuity in
[T, because the U1’s shift their trading to the exchange if the third market
fails to achieve critical mass.

19. Pirrong (2001) also shows that prices are more informative when a third market exists.
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Figure 2. Regime three equilibrium with possible fragmentation.

In Figure 2, g* = .1, S =10, 0> =.75, T, =8, and K = 5. Given these
parameters, the exchange and third-market profit functions cross. The inter-
section of these curves is an equilibrium. For a value of T to the right (left)
of the intersection, a third-market dealer (exchange member) could increase
his profit by joining the exchange (third market). In this case, fragmenta-
tion is an equilibrium outcome, but recall it is not the only equilibrium. It
is possible to show that the fragmented equilibrium is not first-best. Thus
fragmentation with an open-entry exchange is inefficient.

Figure 3 depicts a situation in which fragmentation cannot occur because it
is more profitable to trade on exchange than in the third market for all values
of 7|. In this figure, ¢g* = .1, § = 10, o2 =5, T,=28, and K = 5. In this case,
joining the exchange is a dominant strategy for all liquidity suppliers. This
outcome is efficient.

These results provide an interesting contrast to those in Glosten (1994).
Glosten assumes the existence of an open-access central market. In his model,
only this market survives; no cream-skimming market can survive. In con-
trast, in the present model a cream-skimming market may survive. These
different results are attributable to the fact that Glosten assumes that all trad-
ing is anonymous, and market makers can attempt to identify uninformed
traders using trade size alone. In contrast, if some traders can be identified
as uninformed by means other than trade size, a cream-skimming market
may survive in competition with an open-entry exchange.
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Figure 3. Regime three equilibrium with no fragmentation.

3.4 Regime Four
Equilibrium in regime four is quite simple. Since cream skimming is not
permitted, the analysis in Section 3.1 implies that all transactions occur on
an exchange that conducts a nondiscriminatory auction. Moreover, since the
exchange is open to all, all liquidity suppliers join it. Thus the first-best is
achieved in this regime.

Note that it is unnecessary to mandate centralization. In this model, it
occurs in equilibrium as a result of the centripetal forces of liquidity. In this
regime, there is no competition between exchanges in equilibrium. There is,
however, the greatest possible competition between liquidity suppliers, all of
whom trade on the open access exchange. The exchange provides the infras-
tructure on which competing intermediaries operate. In an electronic market,
the open access exchange could consist of an order execution mechanism
and order book facility with an open interface to which liquidity suppliers
connect (perhaps through portals provided by ECNs.)*

Combined with the analysis of regime three, the analysis of regime four
provides a rationale for restrictions on the operation of cream-skimming
markets. As noted in Section 3.3, if entry to the exchange is open, cream
skimming can lead to inefficient fragmentation. Measures such as requiring

20. Of course, an exchange may perform other functions, such as clearing and market over-
sight.
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all orders be submitted to a nondiscriminatory auction market can therefore
improve welfare if there are no restrictions on liquidity suppliers’ access to
the central market. That is, to paraphrase Glosten (1994), a central limit order
book may not be inevitable, and some regulatory constraints may be required
to ensure its operation. By the same token, however, mandating that all trade
occur on a nondiscriminating market can actually reduce welfare if liquidity
suppliers’ access to that market is restricted.?!

3.5 Summary

Security market macrostructure depends on the interaction of two key vari-
ables: (1) the ability of exchanges to restrict liquidity supplier access, and
(2) the ability of off-exchange liquidity suppliers to “skim” some uninformed
order flow. If cream skimming cannot occur (due to the inability to screen
the uninformed or some regulatory restriction), exchanges that have the right
to limit membership can exploit the nature of liquidity to restrict the sup-
ply of risk-bearing capacity and increase exchange member profits. With
limited exchange membership, the entry of a cream-skimming third market
increases welfare, but does not result in a first-best outcome. Conversely, if
the exchange cannot restrict its membership, cream skimming can lead to
inefficient fragmentation. In the model, a requirement that exchanges admit
any liquidity supplier, combined with a ban on cream-skimming markets,
produces a first-best outcome.

The nature of liquidity drives these results. Liquidity exerts a centripetal
force that attracts trading to a central market. Liquidity suppliers can exploit
this force to raise profits by restricting entry if allowed to do so. Fragmen-
tation is one market response to such strategic behavior, but a more efficient
result obtains if exchanges cannot limit the number of members.

4. Flies in the Ointment
The results of the foregoing section imply that elimination of off-exchange
trading can improve welfare, just as the critics of cream skimming argue.
However, this desirable outcome occurs only if access to the primary market

21. The formal analysis assumes that all noise traders are homogeneous, and care only about
execution costs. In fact, liquidity demanders may be heterogeneous and may have different pref-
erences for execution speed and other transaction attributes. In this case, multiple trading systems
with differing attributes may coexist to accommodate customer heterogeneity even though this
fragments liquidity, thereby increasing average execution costs. If all trading venues adhere to
the principles of open access and nondiscrimination (i.e., no cream skimming), the market is
likely to offer near-optimal variety. It should be noted that some existing trading mechanisms
that offer different attributes (e.g., crossing networks that cater to patient traders who do not
demand immediacy) may serve as mechanisms for screening out the informed. For instance, if
patient traders have less information (as is plausible—the informed may want to trade quickly,
fearing that others will acquire the relevant information), periodic batch auctions or crossing
systems may facilitate cream skimming. Thus in regime two it is difficult to determine whether
some trading systems succeed because they accommodate diverse customer needs or because
such accommodation facilitates cream skimming.
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is unrestricted: eliminating cream skimming without imposing a corrollary
duty on exchanges to open admission to all actually reduces welfare. Thus
the analysis suggests that the optimal security market involves the creation of
an open access central limit order facility and the simultaneous elimination
of any cream-skimming markets.

These results obtain because the nature of liquidity creates network effects.
Efficiency requires maximization of the size of the network. Self-interested
agents may not have an incentive to achieve this outcome because restricting
network size can increase their profits; due to network effects, a restricted-
size liquidity network need not fear direct competition if it exceeds some
size threshold. Thus mandated open access is required to achieve an efficient
outcome.

Viewed in this light, regulation of a securities market bears strong simi-
larities to regulation of other network industries. These include telecommu-
nications, electricity transmission, natural gas transportation, and (perhaps)
computer operating systems. In the first three industries concerns about mar-
ket power due to network effects first led to rate regulation. Deregulation
of these industries in the United States (and elsewhere) has been accompa-
nied by open access requirements; these requirements are intended to prevent
network operators from exercising market power by limiting access to the
network.

The experience in deregulating network industries sounds a warning to
securities market regulators. This experience shows clearly that although open
access is easily stated as a goal, it is difficult indeed to implement in practice.
The details of open access in network industries are devilish.

One key difficulty is that if the trading network is privately owned by
a firm or group of firms that supply liquidity on it, the owner(s) may be
able to restrict access to the network through manipulation of interfaces or
other technical means. The owner may rationalize these policies on technical
grounds, which may include network security or stability. In a securities trad-
ing context, the private for-profit operator of the centralized market may use
solvency and performance concerns to constrain access by imposing unduly
burdensome financial requirements on would-be participants; restriction of
access in this way would allow the operator to increase profits if it also
provides liquidity on the system.

Disintegration—rules that preclude the owner-operator of the trading
network from trading itself—would diminish the incentive for the owner-
operator to limit access in this fashion. Notably, disintegration has been a
feature of deregulation in several network industries in the United States.
Disintegration does not eliminate another difficulty, however; the owner-
operator may exploit market power derived from the nature of liquidity by
charging supracompetitive prices to liquidity suppliers for access. Moreover,
disintegration can increase transaction costs (Joskow, 2000).

The foregoing problems—the difficulty of enforcing open access and the
potential for supracompetitive pricing—have been constant themes in dis-
cussions of the regulation of network industries. Attempts to resolve these
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difficulties raise their own problems. In particular, elaborate rules designed
to ensure that network operators do not restrict access increase the potential
for inefficient gaming behavior. Moreover, rules intended to make networks
more accessible may turn the network into a quasipublic good. This tends to
reduce the ability of the network owner-operator to internalize benefits from
improving the quality of the network or reducing operating costs. Finally,
mitigating market power through rate regulation or other means leads to
well-known incentive and information problems.

Although the formal analysis does not consider the costs of building, oper-
ating, or pricing access to a central market, they are likely to be impor-
tant practical concerns in securities markets. This is particularly true given
the ongoing technological revolution in securities trading. A state-of-the-art
securities trading system is capital intensive. Moreover, due to technologi-
cal change, it is likely that there is considerable scope for innovation and
future system enhancement. Under these circumstances, regulations intended
to ensure open access may reduce the incentive of the system owner-operator
to improve and innovate. Furthermore, the necessity of incurring large fixed
costs to create a trading system requires implementation of Ramsey—Boiteux
pricing mechanisms to achieve efficiency. Regulators have faced difficulties
in implementing such mechanisms in other network industries.?

In brief, the experience of other network industries suggests that imple-
menting open access in securities markets raises substantive regulatory
questions. Who should own the trading system/network? How should it
be governed? How should it be priced? Who should have control rights?
What is the right organizational structure for the owner of the system? How
must the property rights of the owner(s) (notably the right to exclude) be
attenuated to achieve open access? How will these attenuations of rights
influence incentives to improve system performance and to develop system
enhancements? These questions are not exhaustive. Moreover, the answers
may be technology dependent.”®

These are questions that securities regulators have never really addressed
because heretofore all securities regulation (at least in the United States) has
been undertaken in an environment in which intermediaries own exchanges
and can limit entry thereto; in the terminology of this article, regime two is
the default environment. In this environment, fragmentation and free riding
are the contentious issues because the issue of access is not even raised. If
such an environment is considered immutable, the fact that such exchanges
can profit from network effects by restricting access implies that restrictions
on cream skimming and fragmentation are unwise.

However, if regulators and legislators attempt to improve market efficiency
by forcing open access (perhaps by creating an open access central limit order

22. See Laffont and Tirole (2000) for a discussion of obstacles facing implementation of
Ramsey—Boiteux pricing in telecommunications.

23. Pirrong (2000) shows that there is likely to be a linkage between trading technology and
the efficient form of organization and governance of exchanges.



Securities Market Macrostructure 405

book), they must address the serious difficulties that have plagued other net-
work industries. Although the formal analysis suggests that actions which
cause more trading to occur in an open access central market (e.g., eliminat-
ing cream skimming) cannot reduce welfare, and may increase it, practical
considerations temper this conclusion. In particular, true open access may be
impossible to achieve and exchanges may exercise market power as a result.
Under these circumstances, off-exchange markets—third markets—may pro-
vide a valuable competitive check on exchanges. Thus even if an ostensi-
bly open access trading mechanism is created, it may prove wise to permit
off-exchange trading venues to operate. This raises the danger of inefficient
fragmentation, but it serves to mitigate the threat of market power exercised
by circumvention of the open access goal or monopoly pricing of access to
the trading system.

5. Conclusion

The macrostructure and efficiency of a securities market depend on the inter-
action between access and information externalities. When access to all trad-
ing venues is unrestricted, free riding on price information generated on
exchanges by cream-skimming satellite markets may be inefficient. Con-
versely, if some markets (exchanges) limit access, fragmentation of trading
through the creation of cream-skimming off-exchange markets can improve
welfare. These results derive from the nature of liquidity. Liquidity creates
network effects that can be exploited strategically.

Although an open entry central trading facility and the elimination of
cream skimming leads to an efficient securities market macrostructure in the-
ory, achieving this outcome is not a trivial task. Securities market regulators
who attempt to create an open access system will face the same difficul-
ties that regulators of other network industries have struggled with for years.
Open access is difficult to achieve in practice, as the operators of networks
may have the incentive and ability to offer access to a suboptimally small
number of participants either explicitly or through supracompetitive pricing.
Moreover, rules and regulations designed to combat such strategic behavior
may make crucial parts of the central trading facility public goods. If these
are not priced properly, there will be overconsumption and underproduction
of key attributes of the trading system.

Put differently, securities markets are made, not born.** Making them effi-
cient requires the specification of the appropriate property rights. The current
property rights regime gives securities exchanges the right to exclude inter-
mediaries from membership and allows considerable free riding on exchange-
generated price information; although the second attribute of this regime has
received considerable attention, the first has not. The analysis of this article
implies that the exclusionary practices of exchanges leads to inefficient risk

24. Mulherin, Netter, and Overdahl (1991) emphasize this point.
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bearing, but that free riding and cream skimming mitigate these inefficien-
cies. This article also implies that at a theoretical level, this property rights
structure is exactly backwards; an efficient structure would deny exchanges
the right to exclude, but would prevent off-exchange dealers from free rid-
ing on exchange price information and skimming uninformed order flow. In
essence, restrictions on property rights similar to those imposed on common
carriers under common law can improve securities market efficiency.

Many property rights issues need to be addressed if an open access trading
mechanism is adopted, but the securities trade is not the first industry to grap-
ple with them. They have been central to debates in other network markets,
including telecommunications and electricity transmission. These industries
also show the diversity of institutions and regulations that have developed to
address property rights issues in network markets. Only time will tell what
institutions will develop in securities markets. Although the specifics are not
yet clear, it is evident that getting the property rights right is essential to the
creation of efficient institutions for trading securities.

Appendix
Derivation of A,;
Conditional on order flow, liquidity supplier j chooses his trade y; to maxi-
mize his certainty-equivalent profit. Formally,
56%y3
Eszmy?x y;E[v—P|KBv+z,]— , (10)

I

where ¢ is the variance of v conditional on total order flow KB,v+ z;, and
where P is given by Equation (1). The first term inside the brackets is the
market maker’s expected profit from a trade of y; units. The second term
adjusts for the risk of holding y; units; &2y? is the variance of j’s wealth,
and —.5/1; is the cost per unit of variance.

Note that due to the normality of v and z;, E[v|KB,;v+z;] is given by the
regression of v on KfB,v+ z;. Thus

EUIKB v+ 2] = gt s (Ko (i

Moreover, by Equation (1), E[P|KB;v+z;] = A;(KB;v+z;) and

S.0?
e — 12
T T Ko 1S, (12)
Therefore
o2
_ l‘j[%—)\i](l(vﬁiv‘kz,‘) |
Yi= ~ . (13)

o
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Call L, the set of intermediaries on exchange i. Market clearing implies

zi+ Yy +KBv=0.

JeL;
Thus

T s — M(KBv+2)

K2B} o2+,

+KB,*U+Z,‘ = 07

52
where T; =3, t;. This, in turn, implies

62 KB,6?
A= — :
=TT

1

(14)

(15)

(16)

Proof that 6 is increasing in S,. To see that conditional price variance is

increasing in S, recall that

o Sa?
- K2320'2+S'

Thus the sign of d&?/dS is given by the sign of

dp dp
S+ 0?K*B*— S| 14+20°K*B—= | = K?*| 0?B*> —2S0*B-L |.
+ 0K < +20 BdS) [UB a'BdSi|

The quadratic that defines 3 is

K+1)So?
K,820'2+M—S=0.
T,

Therefore
(K+1)o?B
ap_ 175

S 2KBo?+ S
Making further substitutions from the quadratic implies

dB ‘8[1 (K+1)0' B]
das — S+Kﬁ202

Thus
(K+1)0B
B 25[32(1— +1 )
25 =
ds S+ KB2a?

This implies

232 _9g528%° —
TR 7Bs

S+ Kp*o? T,

g p’o’ [K,B20'2 N 2(K+1)Sa*B

_ﬂ.

(17)

(18)

(19)

(20)

(21

(22)

(23)
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Since
K+1)So?
Kﬁ2az+(+Tﬂ—S=0 (24)
1
d 2B (K+1)So?
o2 —2502pdB TP (K+DSB (25)
as ~ S+KkBo? T,

The inequality holds because 8 > 0.
Derivation of Exchange Member Profit

First note that by Equations (13) and (15), the position of trader j € L* is
equal to

v, =—-L(KBv+2), (26)

where subscripts are suppressed because there is only a single exchange.
The expected certainty-equivalent profit of any member j € L* is given by

E(IL) = E[y_,-(v ~ \(KBv+2)) - S‘j L ] (27)

where this expectation is taken over the unconditional joint distribution of v
and z. Therefore

2
t,KBo t

. J 56° 202, 2
E(IT;) = — T +F1[Al— T ](S—i—K,BU). (28)

After some additional substitution, this reduces to

E(I) =" (29)

Derivation of Total Cost
The total cost of operating the market equals noise trader’s execution costs
minus informed trader profits minus certainty-equivalent market maker
profits. Given v and z, exchange execution costs are zA,(Bv+ z), informed
traders’ profits are —KBvA,(KBv + z) + Kv*/(K + 1)A, and certainty-
equivalent market maker profits are

L t; .5t.6%(KBv+2)?
> —T—{k(K,Bv+z)[v—/\1(KBv+z)]—% (30)
j=1 1 1
Since Zjil t; =T}, this simplifies to
564 (KBv+7)?
—(KBu+2)[v— A, (KBo+2)] — 2 KBvE)” (31)

Ty
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Substituting for % and simplifying implies that the total cost of trading
on the exchange is

S(1—¢)So?

K2 2.2 2K 2 .
vz+ (K°B7v" +2KBvz+z )T{*[K2320'2+(1—q)S]

(32)

Taking expectations over v and z implies that expected total cost equals:

SoS(1—gq)

- (33

Similar analysis implies that with free riding, the expected total cost of
operating the third market is

56%qS

- (34)
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